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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 #113. 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 22 TDocs have been submitted to current meeting for discussion. The source contributions are cited in references [1]-[22]: Please see the Appendix I (section 8) for the details, with all the proposals. 

Topic#1 Combination of  UE and gNB receive-transmit time difference
Background
In this section we discuss the accuracy of combinations of the UE and gNB receive-transmit time difference measurements in Alt-1/ Alt-2/ Alt-3 (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.


Based on companies inputs to RAN1#113: For many companies, Alternative-1 seems to be the best compromise between accuracy, signalling and specification effort. 
From Moderator’s perspective, we need to make a reasonable trade-off between the different Alternatives. We can challenge Alt1 (as this is the preferred one to several companies) and make it workable if it is possible. Otherwise, Alt2/Alt3 could be a good WF.
Companies’ contributions summary
The following proposals on Topic#1 are submitted to current RAN1 meeting:

	Companies
	Proposals

	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. The offset can be reported by the gNB to mitigate the signalling overhead on the Uu interface.
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.


	vivo
	Proposal 2:
· RAN1 should down-select from Alt-1 and Alt-3 for UE/gNB Rx-Tx time difference definition.
Proposal 5:
· For supporting Multi-RTT method in NTN, RAN1 to discuss how to reduce the time window for SRS transmissions corresponding to each PRS reception, and how to report additional TA related information associated to each measurement to mitigate the uplink timing error.


	Thales
	Proposal 2: 
For RTT determination in NTN, support the combination of the following UE and gNB receive-transmit time difference measurements:
· UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
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 (
FFS: the reporting range for the UE Rx-Tx time difference measurement 


	Huawei, HiSilicon
	
Proposal 1: In order to figure out RTT between UE and gNB on LMF, support Alt.1 as the UE and gNB receive-transmit time difference measurements:
· UE Rx-Tx time difference is reported via keeping the current UE Rx-Tx time difference with an offset that 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; 
· gNB Rx-Tx time difference is reported via keeping the current gNB Rx-Tx time difference;
· if gNB is chosen as the reference point for the definition of gNB Rx-Tx time difference, an offset is reported in addition which can cover the time duration corresponds to kmac .


	CATT
	Proposal 2: The time range of gNB Rx-Tx across multi frames should be considered seriously when reused the definition of gNB Rx-Tx time difference in NTN.
Proposal 3: Alt-3 on Rx-Tx time difference is more proper for NTN. And NTN specific signaling for UE RX-TX signaling indication is introduced on top of legacy RX-TX 21 bits as following:
· 1bit for polarity
· 8bit for count of frame.
· 4bit for count of sub-frame
Proposal 5: Support UE dealing with the impact of autonomous adjusting TA on the UE Rx-Tx time difference.


	Intel
	Proposal 1: 
· UE Rx-Tx time difference = TUE-TX - TUE-RX
· TUE-RX is the UE received timing of downlink slot #i from this Transmission Point (TP), defined by the first detected path in time corresponding to the PRS signal,
· TUE-TX is the UE transmit timing of the uplink slot #j corresponding to the SRS transmission that is closest in time to the slot #i.
· gNB Rx-Tx time difference = TgNB-TX - TgNB-RX
· TgNB-RX is the gNB received timing of uplink slot #i, defined by the first detected path in time corresponding to the SRS,
· TgNB-TX is the gNB transmit timing of the downlink slot #j corresponding to the PRS transmission that is closest in time to the slot #i.

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


	Sony
	Proposal 1: For RTT determination, support Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4.
Proposal 2: The association between PRS and SRS should be configured for the purposes of RX-TX time difference measurements.
Proposal 3: Multiple SRS can be used for determining the UE RX-TX time difference measurement and gNB RX-TX time difference measurement.


	Apple
	Proposal 1: For network verifying UE location, adopt UE Rx-Tx time difference definition based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 

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


	Qualcomm
	Proposal 1: For RTT determination in NTN, support Alt-2 combination of UE and gNB RX-TX time difference measurements:
· A new type of UE RX-TX time difference that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS.
· FFS: details of report format
· 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: To study and specify the following:
· Signaling from LMF to indicate the measurement window and the minimal number of measurements to be reported.
· Mechanisms to enable coordinated UE and gNB RX-TX time difference measurements.
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.


	LG
	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). 


	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 : For UE Rx-Tx time difference in NTN, UE reports the absolute time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS.
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. 
Proposal 4: UE reports to LMF the aggregate value of all autonomous TA adjustments and all TA adjustments due to TAC received from the gNB, that the UE has applied between the following: 1) TA seconds before receiving PRS in DL and 2) transmitting SRS in UL. 
Proposal 5: LMF will use the following to calculate the time difference between the transmission of PRS and the reception of SRS:
· The time stamps of PRS and SRS, 
· Reported by the UE: the aggregate value of all TA adjustments applied by the UE between the following: 1) TA seconds before receiving PRS in DL, and 2) transmitting SRS in UL.
· Reported by gNB:  gNB Rx-Tx time difference, as it is defined in TS 38.215. 


	ZTE
	Proposal 1: Alt-1 with option 3-3 if preferred for UE and gNB Rx-Tx time difference enhancement, i.e.,
· For UE Rx-Tx time difference, the legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on 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.
· For gNB Rx-Tx time difference, as defined in TS 38.215.

Proposal 2: LMF need to indicate paired PRS and SRS for UE Rx-Tx time difference measurement and gNB Rx-Tx time difference measurement, respectively, which helps UE to determine the adjustment value of UE Rx-Tx time difference to be reported.

Proposal 3: For indication of pairing relationship between PRS and SRS, LMF may additionally indicate a time offset for SRS with respect to nearest UL subframe to configured PRS resources in the LMF-to-UE NAS signaling

	NTT DOCOMO
	Proposal 2: 
For the RTT determination in NTN, support Alt-1 of the UE and gNB receive-transmit time difference measurement.
•	Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 


	TCL Communication
	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.


	Panasonic
	Proposal 1: RAN1 prioritizes adopting the legacy Rel.17 definitions of Rx-Tx time difference (Option 3 each, Alt-1) for Network-verified UE location and falls back to other solutions only if problems are identified.
Proposal 2: For UE Rx-Tx time difference, Option 3-3 should be adopted because TA report (as specified in Rel.17) is most difficult to be faked. 


	Lenovo
	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.


	ETRI
	Proposal 1. For UE Rx-Tx time difference and gNB Rx-Tx time difference, Alt-2 or Alt-3 is adopted. 


	Sharp
	Proposal 1: Take Alt-1 of the agreement from RAN1#112bis-e, i.e., UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215.


	Ericsson
	Proposal 1	For UE RX-TX time difference measurement in NTN, options based on TA report cannot be used since it is derived from the GNSS position which cannot be trusted.
Proposal 2	With Alt-1, UE to report its autonomous TA adjustment (if applied) during DL-PRS reception and UL-SRS transmission to the LMF/gNB. FFS: whether it is needed for other alternatives.



Issue#1-1 Impact of the timing drift
On the impact of timing drift on Alt1/Alt2/Alt3, companies are encouraged to read each other proposals within the above table.
Further, companies made the following observations:

Nokia:
Observation 7: The network does not know when the UE autonomously adjusts the TA.
Observation 8: During multi-RTT measurements, any TA adjustment may lead to lower accuracy.
Proposal 4: RAN1 to discuss means for gNB/LMF to know whether the UE has adjusted the TA value.

if TA adjustment is applied, gNB Rx-Tx is not enough and the UE may need, when transmitting the SRS, to indicate to the gNB/LMF any adjustment on TA due to UE autonomous TA control.

Huawei:
Observation 4: Impact of UE autonomous adjustment of TA on positioning accuracy is marginal, if the reception time of PRS and the transmission time of SRS is within 160ms time duration.

CATT:
Observation 1: The impact of UE autonomous adjusting TA cannot be ignored if the autonomous TA adjusting happens during procession of UE Rx-Tx measuring.
Proposal 5: Support UE dealing with the impact of autonomous adjusting TA on the UE Rx-Tx time difference.

Thales:
Observation: 
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 received at the gNB.
Thereby, the RTT could be calculated as:

Where; 
And the UE should report the  and 
is the time duration between the PRS reception and SRS transmission at the UE

Observation:
Observation 2: The accuracy of Alt1 is affected by the timing drift
Observation 3: The accuracy of Alt2 is not affected by the timing drift

Sony:
Alt-1. Option 3 for UE RX-TX time difference measurement complicates matters since the subframe timing at the UE may be updated during the RTT measurement due to timing advance compensation
There are too many issues with option 3, both technical and in terms of meeting management. Therefore, we do not support Alt-1.

Apple:
For UE Rx-Tx time difference measurements, UE transmits SRS within [-160, 160] ms of at least one DL PRS resource of each of the TRPs in the assistance data. This 160 ms gap results in 11.28 µs time drift, based on the maximum 70.5 µs/s timing drift rate assumed in NR NTN. This 11.28 µs time drift implies UE positioning error is 3384 meters. This UE positioning error due to large timing drift rate in NR NTN is large, even the required UE location verification granularity is in a few kilometers.

Qualcomm:
Observation 2: 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. 
It is clear that Alt 2 and Alt 3 for the UE and gNB RX-TX time difference combination provide LMF the needed information for RTT calculation without any error if the measurements are perfect.

LG:
If Alt-1 is supported, following issues need to be further considered. One issue is whether/how to reflect timing error / delay due to processing time in satellite and movement of satellite and/or UE. One way is to let LMF know the information such as ephemeris, satellite/UE movement, etc. In this way, LMF can handle delay/error caused by satellite and/or UE movement. Also, feeder link delay (e.g., Kmac and/or common TA) needs to be signaled to LMF for the RTT calculation.

ZTE:
Observation 1: The slot granularity in option 3-3 of UE Rx-Tx time difference refers to 1/2μ milliseconds with SCS configuration μ. That is, the slot granularity in option 3-3 is constant and will not be affected by timing drift.
Observation 2: UE can adjust the UE Rx-Tx time difference measurement result based on the UL timing change from the time of UE Rx-Tx time difference measurement to the time of SRS transmission, which mitigates the impact of UE autonomous TA adjustment in Alt-1.

MediaTek:
Observation 5: For RTT determination in NTN with alternatives for the combinations of the following UE and gNB receive-transmit time difference measurements:
•	Alt-3 with time difference between the arrival time of a DL RS for positioning and the arrival time of an SRS has highest impact on the specification with the highest accuracy with a timing error in the order of 20 Tc.
•	Alt-2 with time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS has lower complexity than Alt-3 due to with a timing error in the order of 26.Tc 
•	Alt-1 with the legacy R17 definition of UE Rx-Tx time difference has the least impact on specifications with the least accuracy with a maximum timing error in the order of 1966 Tc

Panasonic:
Observation 1:
1) The error between the true RTT and the RTT based on (legacy) reporting increases with the time , which is equivalent to saying that the error increases with larger distances between satellite and the pair of UE and gNB/RP.
2) The error becomes largest at the largest distance between satellite and UE/gNB (when  is largest)
3) The error is overall smallest if SRS is sent before PRS (orange curve, t2_SRS-t0_PRS=-0.01s)
4) The error between the true RTT and the RTT based on the reporting can be kept below 10-6 seconds which corresponds to an uncertainty of 300 meters. 

Ericsson:

Observation 1	 Options (1 and 3) based on enhancing the legacy UE RX-TX time difference have a low specification effort if concerns about the potentially large timing drift and UE autonomous TA adjustment can be addressed.
Observation 2	Option (2) based on introducing a new UE RX-TX time difference measurement is more robust to timing errors but entails a high specification effort.

Alt-2: A new definition is needed for the UE RX-TX measurement as the UE will measure the actual time difference between a DL-PRS reception and the corresponding UL-SRS transmission. This also means that there is no need to provide additional information to compensate for the timing drift and UE autonomous TA adjustment in between the DL-PRS reception and UL-SRS transmission as the reported UE RX-TX time difference will already include any timing changes between the DL-PRS reception and UL-SRS transmission instances. 
This alternative suggests reusing the legacy definition of gNB RX-TX time difference measurement, i.e., the gNB will measure the frame timing offset of the received UL-SRS signal relative to its downlink frame timing. We think that the gNB needs to report additional information which enables the LMF to derive the actual time difference between DL-PRS transmission and UL-SRS reception at the gNB. 
Alt-3: With this alternative, the UE RX-TX time difference is the same as in Alt-2.

Proposal 1-1-1
Many companies expressed views on the impact of timing drift on the Alt1. The majority shares the view that the accuracy of Alt1 is affected by the timing drift.

Based on the above, the following proposed observation is made:

Proposed observation  1-1-1
For RTT determination in NTN with alternatives for the combinations of the UE and gNB receive-transmit time difference measurements:
· Alt-1 with the legacy R17 definition of UE Rx-Tx time difference has a maximum timing error in the order of 15.36 µs with the following assumptions:
· a maximum PRS-to-SRS time difference of 160ms 
· a maximum timing drift rate of 24 µs/s with a transparent NTN payload at LEO600km 
· Alt2 and Alt3 have a lower timing error, in the order of tens of Tc 

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

	Ericsson
	Alt-1: We agree that the error due to timing drift can be very high without any additional reporting e.g.,  TA drift values.

Al2/3: Agree.

	Samsung
	Agree

	QC
	Agree in principle. Note that Alt 2/3 are not affected by timing drift.

	Vivo 
	The timing drift rate depends on the elevation angles assumed. For UE location verification, RAN1 should discuss which elevation angle should be a normal one assumed first before make this observation. 24us/s is a rate of service link single trip timing drift rate considering a UE speed of 1200kph and a elevation angle of 10 degrees.
In addition, RAN1 and RAN4 should discuss whether the RTT error requirement of TN (200ns) is necessary to be applied to NTN directly, since this would determine whether reduction of the 160ms window is possible to meet the requirement.

	Nokia, Nokia Shanghai Bell
	Our preference would be that we simply make a selection between the alternatives such that we can focus on the progression within this altenrative.

	ZTE
	For Alt-1, UE is able to estimate the drift and compensate in the reported UE Rx-Tx time difference or report the TA difference. Then the timing error will not be such larger.

	Huawei, HiSilicon
	1. There will be some discussion on the three options for Alt.1. So, the above values do not consider the three options for Alt.1. So, we should discuss what is the remaining timing error if the three options are used.
2. Some clarifications on these number may be needed.

	Panasonic
	Disagree that Alt2/3 is less affected by timing drift than Alt1:


Assume that PRS is sent at time t0 and received at t1. SRS is scheduled to be received at time t4=t0+D. UE will correspondingly determine the UL transmission time for SRS to t3=t1+D-TA. Thus, gNB receives SRS at time t5. Due to the mismatched subframe timings between gNB and UE, t4 and t5 are NOT identical. The larger the scheduling delay D is, the larger the mismatch will be.
It is true that the timing drift is not an issue for Alt2/3 if the RTT measurement is based on the arrival times of PRS and SRS, say, RTT=(t5-t0)-(t3-t1). However, if the timing drift is as large as assumed for Alt1, then the SRS signal arriving at time t5 is in violation with the NTN timing error limit. Bear in mind that SRS is expected at time t4.   

	MediaTek
	For Alt-1, the observation can include the offset in Option 3 for UE Rx-Tx time difference “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:”. To our understanding, with the offset the error is in the order of 1 us assuming the 1 ms granularity for the offset / TA reported by the UE.

	NTT DOCOMO
	For Alt2/3, how does LMF use the time stamp of the PRS /SRS to calculate the time difference should be clarified. If the time stamp of PRS reception and SRS transmission is reported by UE in subframe/slot number, in our current understanding, it is also affected by timing drift. 

	
	

	
	

	
	

	
	

	
	

	
	



Proposal 1-1-2
Many companies expressed views on the impact of timing drift on the Alt1. The majority shares the view that the accuracy of Alt1 is affected by the timing drift.

Proposal 1-1-2
Conclusion:
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 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.

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

	Ericsson
	Agree

	Samsung
	Agree. Timing drifts and consequently UE autonomous adjustments cannot be neglected for the calculation of RTT. 

	QC
	Agree

	Vivo 
	Fine.

Given it’s not necessary to have a long window for SRS transmission, at least reduction of the SRS transmission window can be supported in any alternatives on the table.

	Nokia, Nokia Shanghai Bell
	Agree

	ZTE
	Basically agree. But when interval between PRS and SRS is small enough, it is also possible thaht the timing drift can be neglected.

	Huawei, HiSilicon
	This should be a general case, and don’t need to put Alt.1 there.
Also, we should investigate the final impact on the location error, rather than just investigate the value of timing error.

	Panasonic
	Too early to conclude that only Alt1 is affected.

	MediaTek
	Agree

	NTT DOCOMO
	Agree

	
	

	
	

	
	

	
	

	
	

	
	





Proposal 1-1-3
How to solve the impact of timing drift on Alt1?
Based on the above observation and conclusion, the following proposal is made:

Proposal  1-1-3
To take into account the impact on Alt1 of the timing drift between the time DL-PRS reception is received and the time the SRS is transmitted, select one of the following options:
· Option 1: UE transmits SRS within a duration shorter than 160 ms of at least one DL PRS resource
· FFS: The value of this shorter duration
· Option 2: This timing drift is directly compensated into the reported UE Rx-Tx time difference
· Option 3: This timing drift is reported within a separate report 

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

	Ericsson
	O1: This may not solve the problem as even with a 1 ms difference between DL-PRS reception and UL-SRS transmission, the worst-case drift can be 96 ns (4*24 us/s*1ms) which is on the same order as the 200 ns multi-RTT error discussed in later proposal. 
O2: Is the idea to let the UE calculate the timing drift error (and adjust the report value accordingly) till the time the report is received at the gNB/LMF or until the time the LMF/gNB measures gNB RX-TX time difference?
O3: We prefer this option as LMF can estimate the error due to TA drift and compensate for it in the multi-RTT calculation. 

	Samsung
	Generally, those options may resolve the shortcomings of Alt1.  But with those options Alt1 indeed will become similar to Alt2/Alt3.  Then it is not clear to us, while we could simply select Alt2/Alt3, why we should try to resolve Alt1 shortcomings.

	QC
	It’s unclear if the above can solve the problem. Also, the above solutions leads to couple measurement. Suggest  to first agree the  couple measurement where UE RX-TX Time difference is measured based on both PRS and SRS.

	Vivo 
	Since for NTN, the window doesn’t have be that long, option 1 can be supported together with option 2/3. 
Another comment is that UE may not have to report the timing drift, it can just report the assumed TA when determining subframe  in uplink since timing drift would be considered for the uplink time determination when UE specific TA offset is calculated.

	Nokia, Nokia Shanghai Bell
	Before going into details here it would be crucial that we downselect between Alt1, Alt2 and Alt3.

	ZTE
	Option 2. The signaling overhead can be save via this solution without defining more strict requirement.

	Huawei, HiSilicon
	For option 1, it depends on how much timing error can be allowed for the 5~10km location accuracy. Based on our simulation, the allowed timing error is much larger than 200ns.

	Panasonic
	We agree with vivo.

	MediaTek
	We think RAN1 needs to agree coupling of measurements for UE RX-TX time difference and gNB Rx – Tx time difference. Option 1 can be first discussed with time between PRS reception and SRS transmission < 160 ms, and ideally as close as 1 ms of each other.

	NTT DOCOMO
	Agree with Vivo/Pana that option 1 can be supported together with option 2/3.

	
	

	
	

	
	

	
	

	
	

	
	




Issue#1-2 The maximum RTT measurement error

Proposal  1-2
For TN, the UE Rx-Tx time difference measurement accuracy requirements are defined in clause 10.1.25.2 of TS 38.133.
From Moderator’s perspective, Rx-Tx time difference measurements accuracy in NTN may need clarification from RAN4. UE Rx-Tx time difference measurements accuracy defined in clause 10.1.25.2 of TS 38.133 for TN may need to be updated for NTN.
A LS to RAN4 on the Rx-Tx time difference measurements accuracy in NTN was proposed/discussed in RAN1#112 meeting but no agreement could be made.

The following FL Recommendation was made at RAN1#112:
FL Recommendation: The need of the LS to RAN4 asking for the Rx-Tx time difference measurements accuracy in NTN, may be discussed in a future RAN1 meeting when the UE and gNB RX-TX measurement is defined. 

Given that the RAN1 needs to down select one of the alternatives on UE and gNB receive and transmit time difference combinations, we need as group to define/agree on the maximum RTT measurement error allowed to meet the Network verified accuracy requirement from RAN1 perspective.

With the above in mind, the following proposal is made

Proposal  1-2
From RAN1 perspective, the maximum RTT measurement error allowed to meet the network verified UE location accuracy requirement of 10km is 200ns

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

	Ericsson
	OK – perhaps better to added “assumed to be 200 ns” instead of “is 200 ns”.

	Samsung
	Agree.  Our simulation results during study phase shows 200 ns would be a reasonable value to take into consideration for the maximum allowed RTT measurement error.  
As we indicated during the workshop, it is true that for NTN network verification the requirement is 10 km and at the first glance it may look very loose requirement compared to TN and cellular positioning. But one important difference between TN and NTN that everyone should seriously note, is that in TN multiple TRPs are located and distributed at random locations, whereas in NTN with single satellite, effectively our TPPs are located in a straight line.  This makes the triangulation for Multi-RTT method, extremely susceptible to even the smallest RTT measurement errors.     

	QC
	Agree

	Vivo 
	200ns is too large for NTN in our view given 10km accuracy is quite low compared to TN.

	Nokia, Nokia Shanghai Bell
	This amount would be the total timing error, as we understand. That is, combining all error sources (including errors on estimation for the Common TA (which may be different between UE and gNB – since the gNB may not know the UE internal reading time of the ephemeris information).

	ZTE
	Not sure how to get the result. May need further discussion.

	Huawei, HiSilicon
	We don’t agree with this assessment of 200ns. Based on our simulations, we observe that with a number of microseconds TA difference, the location accuracy can be still with 5~10km.
Also, can moderator explain where 200ns requirement comes from?


	Panasonic
	Agree with Ericsson.

	MediaTek
	RTT measurement error of 200ns corresponds to a ranging error of 60m, which is much smaller than the maximum UE location accuracy of 10 km (GPP TR 38.882). We understand a PDOP = 166 is used assuming the resulting position  Error =  PDOP x 60m = 10 km. The PDOP assumption should be clarified, assuming the latency for UE location verification can be up to 30 seconds.

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Issue#1-3 Coupling PRS and SRS

Companies made the following observations and proposal on the coupling relationship between PRS and SRS:

Coupling PRS and SRS in Alt1:

Huawei:
Observation 5: 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 RS, as long as they are in the certain time window, e.g. 160ms length, for measurement.

ZTE:
Proposal 2: LMF need to indicate paired PRS and SRS for UE Rx-Tx time difference measurement and gNB Rx-Tx time difference measurement, respectively, which helps UE to determine the adjustment value of UE Rx-Tx time difference to be reported.
Proposal 3: For indication of pairing relationship between PRS and SRS, LMF may additionally indicate a time offset for SRS with respect to nearest UL subframe to configured PRS resources in the LMF-to-UE NAS signaling.

Coupling PRS and SRS in Alt2:
Huawei, HiSilicon:
Observation 2: In both Alt-2 and Alt-3, UE Rx-Tx time difference based on the reception time of one PRS and the transmitting time of one SRS suffers larger estimation error compared with UE Rx-Tx definition in Alt-1, which can obtain more accurate UE Rx-Tx time difference based on the measurements over multiple PRS subframes.
Qualcomm:
Observation 4: For single-sat multi-RTT in NTN, the UE RX-TX time difference and the gNB RX-TX time difference used to derive an RTT must be coupled, e.g., both are based on one SRS.
Mechanisms to allow coordinated gNB and UE measurements and reports of RX-TX time difference need to be studied. For single-sat multi-RTT, LMF makes the decision on the measurement time window and the number of measurements to be provided. And UE and gNB must coordinate on which SRS to be measured. 
Proposal 2: To study the following:
•	Signaling from LMF to indicate the measurement window and the minimal number of measurements to be reported.
•	Mechanisms to enable coordinated UE and gNB RX-TX time difference measurements.
Averaging over multiple measurements

Huawei:
Observation 6: Among different combinations of UE Rx-Tx time difference and gNB Rx-Tx time difference, Alt-1 requires the least signaling overhead, minimum specification impact, and meanwhile better measurement accuracy considering averaging across multiple measurements are supported. 

Intel:
Observation 1:
•Averaging of reception timing measured across multiple SRS/PRS instances can be done in a short time period to avoid positioning performance degradation due to UE’s TA change and satellite position change for the measurement instances.

Based on the above discussion, the following two proposals are made:

Proposal  1-3-1

Proposal  1-3-1
Coupling relationship between PRS and SRS is required in case of Alt2 and Alt3
FFS: Whether it is also required in case of Alt1

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

	Ericsson
	Agree. 

For Alt1, if Option 1 of P1-1-3 is adopted, then coupling is essential as the DL-PRS and UL-SRS will most likely be limited to within 1 ms of each other. 
If Option 3 of P1-1-3 is adopted, timing drift will need to be reported but it is not clear whether coupling will be essential. E.g., if the UE includes a timestamp with the timing drift, the gNB/LMF should be able to calculate the error due to timing drift 

	Samsung
	Agree

	QC
	Agree

	Vivo 
	It’s clear that alt 2/3 would couple PRS and SRS, no proposal is needed.
For Alt 1, the definition decouples PRS and SRS, not sure what we should FFS here.

	Nokia, Nokia Shanghai Bell
	Agree, but it would be preferable if we could do the downselection between the altenratives prior to working on the details of each alternative.

	ZTE
	Agree.

	Huawei, HiSilicon
	Agree

Agree with Ericsson’s comments on option 3 of P1-1-3, gNB can also figure out the timing drift on a timing occasion based on the reporting from UE regarding the TA difference in other occasions.
For option 1 of P1-1-3, we should firstly align what would be the largest timing error that could be allowed for location accuracy of 5~10km.

	Panasonc
	No propsal is needed.

	MediaTek
	We think coupling between PRS and SRS should also be assumption for Alt-1. This can be done via configuration.

	NTT DOCOMO
	Agree 

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Proposal  1-3-2

Proposal  1-3-2
RAN1 to study and if needed specify mechanisms to enable coordinated UE and gNB RX-TX time difference measurements

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

	Samsung
	Agree

	QC
	Agree

	Vivo 
	Agree that UE location measurement should be triggered by LMF. However, it can be up to implementation to determine which SRS/PRS transmissions are assumed to be paired by UE/gNB, LMF should know which PRS and/or SRS are assumed from the report of UE/gNB. 

	Nokia, Nokia Shanghai Bell
	Agree

	ZTE
	In our view, specifying the coupling relationship between PRS and SRS is enough. LMF can know how to pair the UE and gNB Rx-Tx based on the reported time stamp of the measurements.

	Huawei, HiSilicon
	We cannot get the intention of the proposal, and how to understand “coordinated UE and gNB Rx-Tx time difference”

	Panasonic
	Agree

	MediaTek
	Agree

	NTT DOCOMO
	Same understanding with ZTE that LMF could distinguish the corresponds UE/gNB Rx-Tx time difference measurements with the information of paired PRS/SRS. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



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

	Companies
	Proposals

	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN1 to decide that measurement point is the point where time measurements are conducted and that it is placed at the gNB.


	vivo
	Proposal 1:
· Take uplink time synchronization reference point as the position of the reference point for definition of gNB Rx-Tx time difference.


	Thales
	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.  


	Huawei, HiSilicon
	Proposal 2：Even if uplink time synchronization reference point is employed as the reference point for the definition of gNB Rx-Tx time difference, kmac, which is infrequently updated than common TA, is preferred to be transferred to the LMF, considering the common TA can be derived by subtracting the reported kmac from the feeder link, which is known by LMF if ephemeris information is reported to LMF. 
Proposal 3: The reference point for definition of gNB Rx-Tx time difference measurement is on the gNB.


	CATT
	Proposal 1: No matter which option of reference point is chosen, the coordinates of satellite and service link RTTs are essential factors that should not be ignored in NTN position solving. And Sat Rx-Tx should be involved to derive the actual RTT between satellite and UE.


	Intel
	Observation 2: 
· Design of assistance signaling for the LMF depends on the definition of the reference point for gNB Rx-Tx time difference measurement report


	xiaomi
	Proposal 2: The “physical” reference point for gNB Rx – Tx time difference measurement is on the gNB.
Proposal 3: The reference point for the reported gNB Rx – Tx time difference is on the gNB.


	Apple
	Proposal 4: For network verifying UE location, the position of the referent point for definition of gNB Rx-Tx time difference measurement is set as the uplink time synchronization reference point. 


	Qualcomm
	Proposal 4: For gNB RX-TX time difference measurement, the reference point is the UL synchronization reference point.


	LG
	Proposal #1: Support option 2 (on the gNB) for the reference point for defining gNB Rx–Tx time difference measurement. 


	Samsung
	Proposal 6: For the definition of the gNB Rx – Tx time difference reported to the LMF, the reference point is on the gNB.  


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


	NTT DOCOMO
	Proposal 1:
For the position of the reference point for definition of gNB Rx – Tx time difference measurement, support Option 2, i.e., the uplink time synchronization reference point.


	MediaTek
	Proposal 4: The position of the reference point for definition of gNB Rx – Tx time difference measurement is at the satellite.


	Panasonic
	Proposal 3: The positioning reference point for gNB Rx-Tx time difference measurement is the uplink time synchronization reference point.


	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.

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.


	ETRI
	Proposal 2. Option 1 or Option 3 is adopted for the reference point of gNB Rx-Tx time difference, i.e., either onboard the satellite or the gNB.


	Sharp
	Proposal 2: For the reference point for definition of gNB Rx – Tx time difference measurement, we slightly prefer onboard the satellite, but can be live with the other options

	Ericsson
	Proposal 3	RAN1 to support reporting the timing offset between the gNB RX-TX reference point and the UL time synchronization reference point assuming that the gNB RX-TX reference point may or may not be aligned with the UL time synchronization reference point.
Proposal 4	RAN4 to down select the reference point for gNB RX-TX measurement from the three options (if needed).



Issue#2-1 Reference point for gNB Rx-Tx time difference
Moderator’s view: 
There are 3 reference points (RP) that should be discussed and clearly defined in NTN:
•	Anchor point for positioning = which is used for triangulation. Obviously this should be the Satellite. 
•	RP for gNB Rx-Tx time difference measurement (the measurement of TgnB-Rx and TgNB-Tx)
•	RP for gNB Rx-Tx time difference reported to the LMF

These points do not need to be co-located.

The issue on the definition of a reference point for gNB Rx-Tx time difference in NTN was discussed in several companies contributions submitted to RAN1#113. Companies are encouraged to read each other proposals collected in the above table. 
Further the following observations were made by different companies:

Nokia:
Observation 1: Satellites with transparent payloads cannot conduct 3GPP protocol functionalities.
- There should be a differentiation between the measurement point (i.e., where the physical time measurements are taken) and the timing point (i.e., the virtual reference point that the LMF uses to estimate the RTT).
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 gNB Rx-Tx time difference measurements taken at the measurement point, the LMF can infer the Rx-Tx time difference at the timing point (i.e. satellite).

Huawei:
Observation 7: For verifying UE location based on Alt-1 with the reference point on gNB, only the feeder link latency is needed as the assistance information in LMF.

Intel:
Observation 2: 
• Design of assistance signaling for the LMF depends on the definition of the reference point for gNB Rx-Tx time difference measurement report

Apple:
For less specification impact and lower signaling overhead, we think the positioning reference point for definition of gNB Rx-Tx time difference measurement is set at uplink time synchronization reference point. 

Qualcomm:
The reference point for gNB RX-TX time difference measurement have been discussed and several options were proposed. However, the gNB RX-TX time difference definition assumes measurement point where DL and UL are SFN aligned up to an offset NTA, offset. In NTN, SFN alignment between DL and UL is only guaranteed at UL synchronization reference point. In addition, existing UL transmit timing requirements are defined with reference to UL synchronization reference point. Introducing a different reference point for gNB RX-TX time difference will complicate the testing of UE requirements. 


ZTE:
In our view, the gNB Rx-Tx time difference measurement can be measured at gNB. However, when reporting to LMF, the RP for gNB Rx-Tx time difference should be at UTSRP. In legacy TN, the UL and DL subframes are aligned at gNB so that the gNB Rx-Tx time difference is mainly to mitigate the residual UL error at UE, whose value range can be small. In NTN, the UL and DL subframes are aligned at UTSRP. Hence, the RP for gNB Rx-Tx time difference can be set at UTSRP to keep reduced gNB Rx-Tx time difference value range

Panasonic:
Observation 2: In Option 3, the RTT between gNB and the uplink time synchronization reference point (RTT corresponding to k_mac) is subtracted together with the Common-TA from the RTT between UE and gNB. Hence, LMF has no need to be informed about the RTT between gNB and the uplink time synchronization reference point . 

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 additional signalling enhancements between NG-RAN node and LMF.

Based on the above discussion, the following two proposals are made:

Proposal  2-1-1
Proposed observation 2-1-1
The reference points for gNB transmit-receive timing measurement and the reference point for the gNB transmit-receive time difference used in the RTT determination do not need to be co-located

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

	Ericsson
	OK with the following clarification:
“The reference points for gNB transmit-receive timing measurement and the reference point for the reported value of the gNB transmit-receive time difference used in the RTT determination do not need to be co-located”

	Samsung
	Agree with the statement

	QC
	Agree

	Vivo 
	Fine.

	Nokia, Nokia Shanghai Bell
	Agree – but first point would be to agree where exact measurement point is defined. Then we can discuss the details on potentially remapping (either before or after information is available at LMF).


	ZTE
	Agree

	Huawei, HiSilicon
	Fine with Ericsson’s revision.

	Panasonic
	As an observation, we are fine. We still think that both points should be co-located.

	MediaTek
	Agree

	NTT DOCOMO
	Agree 

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Proposal  2-1-2
Proposal 2-1-2
In NTN, gNB receive-transmit time difference at uplink time synchronization reference point is reported to the LMF
Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	Ericsson
	We interpret this proposal to mean that the gNB RX-TX value reported to the LMF corresponds to the value as if the the measurement were made at the UL sync reference point. That is, regardless of where the measurement is made, the gNB adds or removes a timing offset to the report to make it correspond to the UL time sync reference.
We are OK with this if 2-1-2 is captured as a note in this proposal.

	Samsung
	The purpose of the definition of a single reference point for the gNB Rx-Tx time difference is not clear.  In 38.215 the gNB Rx-Tx time difference is defined as TgNB-RX – TgNB-TX, and then  TgNB-RX and TgNB-TX  are defined separately and for each one a separate reference point is defined. Because receive and transmit chains could be separate in a TRP and therefore the reference points have to be defined separately.  
But with this proposal we are defining the same reference point for a differential parameter.  Does it mean this is the reference point for both TgNB-RX and TgNB-TX? If that is the case, such definition is meaningless.  Or does it mean we are defining a reference point for TgNB-RX – TgNB-TX? In this case again such a definition is meaningless, because for “time difference” we cannot define a reference point.

	QC
	Agree

	Vivo 
	Fine.

	Nokia, Nokia Shanghai Bell
	Do not agree. We find this information as something that may be calculated at the LMF.

	ZTE
	Agree

	Panasonic
	Agree.

	MediaTek
	Agree

	NTT DOCOMO
	Agree 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Issue#2-2 Reference point for triangulation for positioning in NTN
Proposal  2-2-1
Proposal 2-2-1
The Reference point for triangulation for positioning in NTN is on-board the satellite
Note: Based on the reported UE and gNB receive-transmit time difference and other assisted information, the LMF can infer the RTT on the service link which is used for triangulation method.

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

	Ericsson
	OK

	Samsung
	This statement is true, but we do not see any necessity for such an agreement. 

	QC
	The statement is true. But we donnot necessarily need an agreement for it is the responsibility of LMF.

	Vivo 
	Fine.

	Nokia, Nokia Shanghai Bell
	Agree – but these calculations would happen at the LMF.

	ZTE
	This is obvious and no need of a proposal.

	Huawei, HiSilicon
	OK

	Panasonic
	Fine

	MediaTek
	Agree

	NTT DOCOMO
	OK

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Topic#3 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.
Companies’ contributions summary
On Topic#3, the companies made the following observations and proposals:

	Companies
	Proposals

	vivo
	Proposal 3:
For supporting Multi-RTT method in NTN, RAN1 to discuss the necessary updates to each measurement report triggering methods in TN.
Proposal 4:
For supporting Multi-RTT method in NTN, extend the timing quality resolution up to hundreds of meters so that up to 10km quality can be supported.


	Thales
	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.


	Huawei, HiSilicon
	Proposal 5: Support one of the following alternatives:
· Alt-1: transfer ephemeris of satellites with respect to transmit timing and received timing from gNB to the LMF;
· Alt-2: support transferring satellites’ coordinates with respect to transmit timing and received timing from UE to the LMF. 


	CATT
	Proposal 4: The RTTs (between satellite and UE) and coordinates of satellite which are essential for LMF to fix position have two options to obtain.
· Option 1: gNB deduces the Sat Rx-Tx time difference and coordinates of satellite and sends to LMF, and then LMF calculates RTTs (between satellite and UE) and fixes the UE position.
· Option 2: The gNB sends the assistant information to LMF which includes gNB Rx-Tx time difference measurements, TAcommon, TAcommonDrift, TAcommonDriftVariation, epoch time, ephemeris and so on. The LMF calculates the RTTs (between satellite and UE) and deduces the coordinates of satellite based on the collected information to fix the UE position.


	Xiaomi
	Proposal 1: The satellite ephemeris related information and satellite IDs need to be delivered to the CN.


	Apple
	Proposal 7: For network verifying UE location, gNB reports to LMF the satellite ephemeris information.
Proposal 8: For network verifying UE location using multi-RTT method, gNB reports to LMF the satellite timing of PRS transmission and the satellite timing of SRS reception. 


	ZTE
	Proposal 7: Ephemeris transfer to CN from gNB or UE should be supported for location verification. 
Proposal 8: Common TA parameters transfer to CN from gNB or UE should be supported for location verification. 


	NTT DOCOMO
	Proposal 3: 
For network verification of UE location in NR NTN based on multi-RTT framework, report additional information to LMF by gNB, including e.g., satellite ephemeris, common TA parameters, and related timing information

Proposal 4: 
For network verification of UE location in NR NTN based on time-based positioning methods, study and identify the impact on the movement of satellite in a single measurement.
· Legacy timing information report is enhanced by reporting additional timing information, i.e., the timing information of satellite transmitting the reference signals, to LMF.


	MediaTek
	Proposal 3: The common TA can be signalled to the LMF to simplify the triangulation for the UE location verification.

	Panasonic
	Proposal 5: Send LS to RAN2/RAN3 on the potential impact on LPP/NRPPs procedures.



Proposal  3-1
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 3-1
For network verified UE location in NTN, satellite ephemeris information should be reported by gNB to LMF 
FFS: report details:
· The associated epochTime (e.g. the time SRS is received) 
· Whether the associated epoch time should be included in the report
· Whether only satellite position is mandatory and satellite velocity is optional 
· Whether the existing field for “Geographical coordinates information of the DL-PRS Resources of the TRPs served by the gNB” could be reused to report satellite coordinates information

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

	Ericsson
	This may also be configured via OAM – not necessarily need to be reported by gNB.

	Samsung
	Satellite ephemeris information should be reported by network to LMF.  However, we think only the third bullet here is applicable. Bullets one, two, and four are related to details of PRS and SRS config/report and not relevant here and must be discussed in another agreement. 

	QC
	Fine with the main bullet.

	Vivo 
	Fine in principle. However, it would be good to discuss whether it’s reported or simply configured as pointed out by Ericsson.

	Nokia, Nokia Shanghai Bell
	The main problem here is that the gNB would not know which ephemeris information is in use at the UE. Hence there is no means for the gNB to provide the needed details for the LMF.
And we see no way that the gNB can associate an Epoch time to the reception of the SRS.

	ZTE
	Generally fine.
For the details, we think gNB can report whole ephemeris and associated epoch time. LMF can then derive the satellite coordinates based on ephemeris, epoch time, and time stamp of measurements.

	Huawei, HiSilicon
	We think ephemeris information needs to be reported, and fine with the main bullet. For the bullet 1 and 4 in FFS bullets, we agree with Samsung that it is not relevant here.

	Panasonic
	Fine

	MediaTek
	Agree. Details of report need further discussion

	NTT DOCOMO 
	Agree with the main bullet. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	




Proposal  3-2
As discussed within companies contributions, the common TA/delay related information may need to be reported to the LMF so that it can infer the RTT on the service link which is used for triangulation method. Thereby, the following proposal is made:

Proposal 3-2
For network verified UE location in NTN, common delay information should be reported by gNB to LMF 
FFS: report details:
· The associated time (e.g. the time SRS is received) 
· Whether ta-Common, ta-CommonDrift, ta-CommonDriftVariant and associated  epochTime should be reported

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

	Ericsson
	This may also be configured via OAM – not necessarily need to be reported by gNB.

	Samsung 
	Reporting ta-Common, ta-CommonDrift, ta-CommonDriftVariant to LMF may be useful.  However, we should pay attention that these will help LMF only to predict the feeder link timing variations.  The service link timing variations is dominantly determined by the UE.  It is UE that decides how and when apply autonomous timing advance adjustments.   Information regarding autonomous timing advance adjustments applied by the UE is also necessary for LMF to modify and correct the gNB Rx-Tx information received from the gNB.  
Therefore we should have another proposal for additional assistant information sent by the UE to LMF on top of the UE Rx-Tx time difference,

	QC
	Agree

	Vivo 
	UE specific TA offset should be reported as well in order to let LMF know the actual TA assumed for current measurement received given that LMF needs to understand which measurements are based on assumption with similar/same TA assumed for SRS transmission.

	Nokia, Nokia Shanghai Bell
	Again, the gNB will not know which ephemeris information has been applied on the UE side.

	ZTE
	Generally fine.
For the details, similar to ephemeris report, we think whole common TA parameters and associated epoch time should be reported. Then LMF can derive common TA based on timestamp of measurements.

	Panasonic
	Disagree since pre-mature. Which additional information is sent depends on which alternative Alt1/2/3 is selected.

	MediaTek
	Agree

	NTT DOCOMO
	Agree 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




Topic#4 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 RAN1#112. 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 3: For network verifying UE location with the definition of UE Rx-Tx time difference following Option 1, the reported UE Rx-Tx time difference has value range between [0ms, 541 ms] or [0, 1,062,868,369*Tc], and has resolution step in .

Proposal 5: For network verifying UE location with the definition of gNB Rx-Tx time difference following Option 2, the reported gNB Rx-Tx time difference has the same value range as in terrestrial network.


	Samsung
	Proposal 2: Extend the range of UE Tx-Rx time difference to cover from 0 to 229Tc .



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

	Ericsson
	Support FL recommendation.

	QC
	Agree

	Vivo 
	Fine with FL’s assessment.

	Nokia, Nokia Shanghai Bell
	OK

	Panasonic
	OK

	NTT DOCOMO
	Agree with FL.



Topic#5 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#5, the companies made the following observations and proposals:

	Companies
	Proposals

	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 neigbor signal level relationships.


	vivo
	Proposal 7:
Mirror position ambiguity issue in NTN UE location verification can be solved by gNB implementation, and no spec. impact is expected.


	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 


	Huawei, HiSilicon
	Proposal 4: The issue of mirror position can be resolved at least via using beamforming by gNB’s implementation, and a single bit, indicating the left side or the right side of UE position with respect to the orbital plane, can be transferred from gNB to the LMF to resolve the ambiguity of mirror position. 


	Intel
	Proposal 2: 
· Support the following solutions for the mirror-ambiguity issue
· Reporting of cell coverage information (e.g. cell footprint and reference point, or antenna pattern) to the LMF


	Xiaomi
	Proposal 5: The mirror error issue can be resolved by configuring the neighboring cell measurement. It’s up to RAN2 to decide any enhancement is needed or not.


	Apple
	Proposal 9: For network verifying UE location using multi-RTT method, the mirror-image ambiguity issue is addressed by gNB implementation of measuring angle of arrival of uplink signals. This angle of arrival information is reported from gNB to LMF.  

	LG
	Proposal #3: Support option 1 (based on gNB or LMF implementation) for resolving mirror positions ambiguity in single satellite based multi-RTT positioning.  


	OPPO
	Proposal 3: the exisiting ECID method or LMF implementation can already be used to remove the mirror-image ambiguity, no further RAN1 enhancement seems necessary.  


	Samsung
	Proposal 7: It is up to network (including gNB and LMF) implementation to determine an optimal cell footprint and antenna pattern to minimize the effect of mirror positions ambiguity for Multi-RTT positioning. 


	ZTE
	Proposal 10: Mirror image ambiguity when single satellite is in view can be solved through implementation based on cell coverage. Reusing NR E-CID without enhancement can be one implementation method to determine which beam or cell the UE locates in.


	NTT DOCOMO
	Proposal 5: 
To resolve the mirror positions ambiguity for multi-RTT positioning, support Option1.
Option 1: gNB or LMF implementation to solve the mirror error issue

	MediaTek 
	Proposal 5: RAN1 adopt Option 2: “Reuse existing ECID method (e.g. combine UE neighbor measurements to solve the ambiguity between mirror positions)” as baseline. 


	TCL Communication
	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 synchornize the progress on the issues related to resolving the mirror image ambiguity and addressing the measurements error for time-based positioning methods.


	Panasonic
	Proposal 4: Study further 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 5: Reporting of cell coverage information (e.g. cell footprint and reference point, or antenna pattern) to the LMF


	Lenevo
	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.


	ETRI
	Proposal 4. Support Options 1, 2, and 5 above, i.e., gNB or LMF implementation to solve the mirror error issue with some spec impact


	Sharp
	Proposal 3: 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.


	Ericsson
	Proposal 5: RAN1 to support the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning with potential enhancements (if needed) to help resolve mirror image ambiguity and reduce UE location verification latency in NTN.



Proposal  5
Several companies expressed views on issue#5. 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 5
To resolve the mirror positions ambiguity for multi-RTT positioning support option 1 or option 2 without specification impact 

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

	Ericsson
	Option 6 should also be in the proposal.

	Samsung
	Agree

	QC
	Agree. Still, we don’t have to rule out other solutions. Suggest to consider the Option & and  Option 2 as the baseline option.

	Vivo 
	Fine.

	Nokia, Nokia Shanghai Bell
	Do not agree. The proposed options will not provide the needed resolution of the mirror point ambiguity, and would not be in line with current RAN2 agreements.

	ZTE
	Fine with the proposal.

	Huawei, HiSilicon
	Fine with it

	Panasonic
	OK for us

	MediaTek
	Agree

	NTT DOCOMO
	Agree 

	
	

	
	

	
	

	
	

	
	

	
	

	
	





Topic#6 Multiple satellite support for multi-RTT positioning in NTN
Background
As per the revised WID [RP-223534] and based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. 
Further it was noted in Note 4 in [RP-223534] : Multiple satellite in view by the UE may be considered if time allows.

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

	Companies
	Proposals

	Nokia, Nokia Shanghai Bell
	Proposal 9: RAN1 to discuss the need and way to specify NTN specific assistance information for UE location determination with multiple satellites.


	Intel
	Proposal 5: 
· Consider extension of multi-RTT to NTN network-verified UE location with multiple satellites in view


	Qualcomm
	Proposal 5: 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




FL Recommendation
Support network verification of UE location using multiple satellites will be discussed when sufficient progress is made on Network verified UE location with single satellite in view .

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

	Ericsson
	Support FL recommendation

	Samsung
	Agree

	QC
	Agree

	Vivo 
	Yes, focusing on single satellite would be preferred in this release given limited TU we have and additional studies may be needed for multiple satellite based positioning in NTN.

	Nokia, Nokia Shanghai Bell
	OK

	Panasonic
	OK

	NTT DOCOMO
	OK

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Proposals for online session on day 1
Proposal 3-1
For network verified UE location in NTN, satellite ephemeris information should be reported to LMF 
FFS: report details

Proposal 3-2
For network verified UE location in NTN, common delay information should be reported to LMF 
FFS: report details

Proposal 2-1-2
In NTN, gNB receive-transmit time difference at uplink time synchronization reference point is reported to the LMF

Proposed observation 2-1-1
The reference points for gNB transmit-receive timing measurement and the reference point for the reported value of the gNB transmit-receive time difference used in the RTT determination do not need to be co-located

Proposal 1-1-2
Conclusion:
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 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.

Proposed observation  1-1-1
For RTT determination in NTN with alternatives for the combinations of the UE and gNB receive-transmit time difference measurements:
· Alt-1 with the legacy R17 definition of UE Rx-Tx time difference has a maximum timing error in the order of 15.36 µs with the following assumptions:
· a maximum PRS-to-SRS time difference of 160ms 
· a maximum timing drift rate of 24 µs/s with a transparent NTN payload at LEO600km 
· Alt2 and Alt3 have a lower timing error, in the order of tens of Tc 
Note: No enhancement assumed for Alt1

Proposal  1-1-3
To take into account the impact on Alt1 of the timing drift between the time DL-PRS reception is received and the time the SRS is transmitted, select one of the following options:
· Option 1: UE transmits SRS within a duration shorter than 160 ms of at least one DL PRS resource
· FFS: The value of this shorter duration
· Option 2: This timing drift is directly compensated into the reported UE Rx-Tx time difference
· Option 3: This timing drift is reported within a separate report 

Proposal  1-3-2
RAN1 to study and if needed specify mechanisms to enable coordinated UE and gNB RX-TX time difference measurements

Proposal 2-2-1
The Reference point for triangulation for positioning in NTN is on-board the satellite
Note: Based on the reported UE and gNB receive-transmit time difference and other assisted information, the LMF can infer the RTT on the service link which is used for triangulation method.
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	TDoc
	Source
	Proposals

	R1-2304435
	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN1 to decide that measurement point is the point where time measurements are conducted and that it is placed 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. The offset can be reported by the gNB to mitigate the signalling overhead on the Uu interface.
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 neigbor 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.


	R1-2304497
	vivo
	Proposals 1 to 7:
· Take uplink time synchronization reference point as the position of the reference point for definition of gNB Rx-Tx time difference.
· RAN1 should down-select from Alt-1 and Alt-3 for UE/gNB Rx-Tx time difference definition.
· For supporting Multi-RTT method in NTN, RAN1 to discuss the necessary updates to each measurement report triggering methods in TN.
· 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, RAN1 to discuss how to reduce the time window for SRS transmissions corresponding to each PRS reception, and how to report additional TA related information associated to each measurement 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.


	R1-2304610
	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, support the combination of the following UE and gNB receive-transmit time difference measurements:
· UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
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 (
FFS: the reporting range for the UE Rx-Tx time difference measurement 
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 


	R1-2304633
	Huawei, HiSilicon
	Proposal 1: In order to figure out RTT between UE and gNB on LMF, support Alt.1 as the UE and gNB receive-transmit time difference measurements:
· UE Rx-Tx time difference is reported via keeping the current UE Rx-Tx time difference with an offset that 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; 
· gNB Rx-Tx time difference is reported via keeping the current gNB Rx-Tx time difference;
· if gNB is chosen as the reference point for the definition of gNB Rx-Tx time difference, an offset is reported in addition which can cover the time duration corresponds to kmac .
Proposal 2：Even if uplink time synchronization reference point is employed as the reference point for the definition of gNB Rx-Tx time difference, kmac, which is infrequently updated than common TA, is preferred to be transferred to the LMF, considering the common TA can be derived by subtracting the reported kmac from the feeder link, which is known by LMF if ephemeris information is reported to LMF. 
Proposal 3: The reference point for definition of gNB Rx-Tx time difference measurement is on the gNB.
Proposal 4: The issue of mirror position can be resolved at least via using beamforming by gNB’s implementation, and a single bit, indicating the left side or the right side of UE position with respect to the orbital plane, can be transferred from gNB to the LMF to resolve the ambiguity of mirror position. 
Proposal 5: Support one of the following alternatives:
· Alt-1: transfer ephemeris of satellites with respect to transmit timing and received timing from gNB to the LMF;
· Alt-2: support transferring satellites’ coordinates with respect to transmit timing and received timing from UE to the LMF. 


	R1-2304752
	CATT
	Proposal 1: No matter which option of reference point is chosen, the coordinates of satellite and service link RTTs are essential factors that should not be ignored in NTN position solving. And Sat Rx-Tx should be involved to derive the actual RTT between satellite and UE.
Proposal 2: The time range of gNB Rx-Tx across multi frames should be considered seriously when reused the definition of gNB Rx-Tx time difference in NTN.
Proposal 3: Alt-3 on Rx-Tx time difference is more proper for NTN. And NTN specific signaling for UE RX-TX signaling indication is introduced on top of legacy RX-TX 21 bits as following:
· 1bit for polarity
· 8bit for count of frame.
· 4bit for count of sub-frame
Proposal 4: The RTTs (between satellite and UE) and coordinates of satellite which are essential for LMF to fix position have two options to obtain.
· Option 1: gNB deduces the Sat Rx-Tx time difference and coordinates of satellite and sends to LMF, and then LMF calculates RTTs (between satellite and UE) and fixes the UE position.
· Option 2: The gNB sends the assistant information to LMF which includes gNB Rx-Tx time difference measurements, TAcommon, TAcommonDrift, TAcommonDriftVariation, epoch time, ephemeris and so on. The LMF calculates the RTTs (between satellite and UE) and deduces the coordinates of satellite based on the collected information to fix the UE position.
Proposal 5: Support UE dealing with the impact of autonomous adjusting TA on the UE Rx-Tx time difference.


	R1-2304816
	Intel Corporation
	Proposal 1: 
· UE Rx-Tx time difference = TUE-TX - TUE-RX
· TUE-RX is the UE received timing of downlink slot #i from this Transmission Point (TP), defined by the first detected path in time corresponding to the PRS signal,
· TUE-TX is the UE transmit timing of the uplink slot #j corresponding to the SRS transmission that is closest in time to the slot #i.
· gNB Rx-Tx time difference = TgNB-TX - TgNB-RX
· TgNB-RX is the gNB received timing of uplink slot #i, defined by the first detected path in time corresponding to the SRS,
· TgNB-TX is the gNB transmit timing of the downlink slot #j corresponding to the PRS transmission that is closest in time to the slot #i.
Proposal 2: 
· Support the following solutions for the mirror-ambiguity issue
· Reporting of cell coverage information (e.g. cell footprint and reference point, or antenna pattern) to the LMF
Proposal 3: 
· It is up to the network/LMF how to handle UEs which are located near the orbital plane
Proposal 4: 
· RAN1 should focus on the multi-RTT method as a primary solution for NTN UE location verification
· DL-TDOA and UL-TDOA can be considered in future releases
Proposal 5: 
· Consider extension of multi-RTT to NTN network-verified UE location with multiple satellites in view


	R1-2304917
	xiaomi
	Proposal 1: The satellite ephemeris related information and satellite IDs need to be delivered to the CN.
Proposal 2: The “physical” reference point for gNB Rx – Tx time difference measurement is on the gNB.
Proposal 3: The reference point for the reported gNB Rx – Tx time difference is on the gNB.
Proposal 4: For RTT determination in NTN, alt 3 can be supported. 
Proposal 5: The mirror error issue can be resolved by configuring the neighboring cell measurement. It’s up to RAN2 to decide any enhancement is needed or not.


	R1-2305048
	Sony
	Proposal 1: For RTT determination, support Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4.
Proposal 2: The association between PRS and SRS should be configured for the purposes of RX-TX time difference measurements.
Proposal 3: Multiple SRS can be used for determining the UE RX-TX time difference measurement and gNB RX-TX time difference measurement.


	R1-2305260
	Apple
	Proposal 1: For network verifying UE location, adopt UE Rx-Tx time difference definition based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
Proposal 2: For network verifying UE location, UE transmits SRS within a duration shorter than 160 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 3: For network verifying UE location with the definition of UE Rx-Tx time difference following Option 1, the reported UE Rx-Tx time difference has value range between [0ms, 541 ms] or [0, 1,062,868,369*Tc], and has resolution step in .
Proposal 4: For network verifying UE location, the position of the referent point for definition of gNB Rx-Tx time difference measurement is set as the uplink time synchronization reference point. 
Proposal 5: For network verifying UE location with the definition of gNB Rx-Tx time difference following Option 2, the reported gNB Rx-Tx time difference 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, gNB reports to LMF the satellite ephemeris information.
Proposal 8: For network verifying UE location using multi-RTT method, gNB reports to LMF the satellite timing of PRS transmission and the satellite timing of SRS reception. 
Proposal 9: For network verifying UE location using multi-RTT method, the mirror-image ambiguity issue is addressed by gNB implementation of measuring angle of arrival of uplink signals. This angle of arrival information is reported from gNB to LMF.  

	R1-2305353
	Qualcomm Incorporated
	Proposal 1: For RTT determination in NTN, support Alt-2 combination of UE and gNB RX-TX time difference measurements:
· A new type of UE RX-TX time difference that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS.
· FFS: details of report format
· 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: To study and specify the following:
· Signaling from LMF to indicate the measurement window and the minimal number of measurements to be reported.
· Mechanisms to enable coordinated UE and gNB RX-TX time difference measurements.
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: For gNB RX-TX time difference measurement, the reference point is the UL synchronization reference point.
Proposal 5: 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


	R1-2305391
	LG Electronics
	Proposal #1: Support option 2 (on the gNB) for the reference point for defining gNB Rx–Tx time difference measurement. 
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 option 1 (based on gNB or LMF implementation) for resolving mirror positions ambiguity in single satellite based multi-RTT positioning.  


	R1-2305437
	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
Proposal 2: RAN1 confirms that the clock drift issue does not impact the  RAN1 DL-TDOA performance observation made in RAN1#111. 
Proposal 3: the exisiting ECID method or LMF implementation can already be used to remove the mirror-image ambiguity, no further RAN1 enhancement seems necessary.  


	R1-2305530
	Samsung
	Proposal 1 : For UE Rx-Tx time difference in NTN, UE reports the absolute time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS.
Proposal 2: Extend the range of UE Tx-Rx time difference to cover from 0 to 229Tc .
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. 
Proposal 4: UE reports to LMF the aggregate value of all autonomous TA adjustments and all TA adjustments due to TAC received from the gNB, that the UE has applied between the following: 1) TA seconds before receiving PRS in DL and 2) transmitting SRS in UL. 
Proposal 5: LMF will use the following to calculate the time difference between the transmission of PRS and the reception of SRS:
· The time stamps of PRS and SRS, 
· Reported by the UE: the aggregate value of all TA adjustments applied by the UE between the following: 1) TA seconds before receiving PRS in DL, and 2) transmitting SRS in UL.
· Reported by gNB:  gNB Rx-Tx time difference, as it is defined in TS 38.215. 
Proposal 6: For the definition of the gNB Rx – Tx time difference reported to the LMF, the reference point is on the gNB.  
Proposal 7: It is up to network (including gNB and LMF) implementation to determine an optimal cell footprint and antenna pattern to minimize the effect of mirror positions ambiguity for Multi-RTT positioning. 


	R1-2305557
	ZTE
	Proposal 1: Alt-1 with option 3-3 if preferred for UE and gNB Rx-Tx time difference enhancement, i.e.,
· For UE Rx-Tx time difference, the legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on 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.
· For gNB Rx-Tx time difference, as defined in TS 38.215.
Proposal 2: LMF need to indicate paired PRS and SRS for UE Rx-Tx time difference measurement and gNB Rx-Tx time difference measurement, respectively, which helps UE to determine the adjustment value of UE Rx-Tx time difference to be reported.
Proposal 3: For indication of pairing relationship between PRS and SRS, LMF may additionally indicate a time offset for SRS with respect to nearest UL subframe to configured PRS resources in the LMF-to-UE NAS signaling.
Proposal 4: In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.
Proposal 5: TA report based RTT estimation should be supported in multi-RTT method in NTN location verification.
Proposal 6: TA report with higher granularity can be investigated to improve the location verification performance.
Proposal 7: Ephemeris transfer to CN from gNB or UE should be supported for location verification. 
Proposal 8: Common TA parameters transfer to CN from gNB or UE should be supported for location verification. 
Proposal 9: TA report to CN from gNB should be supported for location verification. 
Proposal 10: Mirror image ambiguity when single satellite is in view can be solved through implementation based on cell coverage. Reusing NR E-CID without enhancement can be one implementation method to determine which beam or cell the UE locates in.


	R1-2305612
	NTT DOCOMO, INC.
	Proposal 1:
For the position of the reference point for definition of gNB Rx – Tx time difference measurement, support Option 2, i.e., the uplink time synchronization reference point.
Proposal 2: 
For the RTT determination in NTN, support Alt-1 of the UE and gNB receive-transmit time difference measurement.
•	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: 
For network verification of UE location in NR NTN based on multi-RTT framework, report additional information to LMF by gNB, including e.g., satellite ephemeris, common TA parameters, and related timing information.
Proposal 4: 
For network verification of UE location in NR NTN based on time-based positioning methods, study and identify the impact on the movement of satellite in a single measurement.
· Legacy timing information report is enhanced by reporting additional timing information, i.e., the timing information of satellite transmitting the reference signals, to LMF.
Proposal 5: 
To resolve the mirror positions ambiguity for multi-RTT positioning, support Option1.
· Option 1: gNB or LMF implementation to solve the mirror error issue.


	R1-2305641
	MediaTek Inc.
	Proposal 1: In multi-RTT positioning method with single satellite, UE Rx – Tx time difference TUE-RX – TUE-TX   can be directly derived from timing advance TTA re-using the legacy R17 granularity for the report of UE Rx – Tx time difference.
Proposal 2: In multi-RTT positioning method with single satellite, the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA is linked to UL measurement occasions for gNB Rx-Tx time difference. 
Proposal 3: The common TA can be signalled to the LMS to simplify the triangulation for the UE location verification.
Proposal 4: The position of the reference point for definition of gNB Rx – Tx time difference measurement is at the satellite.
Proposal 5: RAN1 adopt Option 2: “Reuse existing ECID method (e.g. combine UE neighbor measurements to solve the ambiguity between mirror positions)” as baseline. 


	R1-2305678
	TCL Communication Ltd.
	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 synchornize the progress on the issues related to resolving the mirror image ambiguity and addressing the measurements error for time-based positioning methods.


	R1-2305681
	Panasonic
	Proposal 1: RAN1 prioritizes adopting the legacy Rel.17 definitions of Rx-Tx time difference (Option 3 each, Alt-1) for Network-verified UE location and falls back to other solutions only if problems are identified.
Proposal 2: For UE Rx-Tx time difference, Option 3-3 should be adopted because TA report (as specified in Rel.17) is most difficult to be faked. 
Proposal 3: The positioning reference point for gNB Rx-Tx time difference measurement is the uplink time synchronization reference point.
Proposal 4: Study further 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 5: Reporting of cell coverage information (e.g. cell footprint and reference point, or antenna pattern) to the LMF
Proposal 5: Send LS to RAN2/RAN3 on the potential impact on LPP/NRPPs procedures.
Proposal 6: The triggering time of the multi-RTT positioning method and the time instants at which the Rx-Tx time difference measurements will be performed are handled internally by the network

	R1-2305745
	Lenovo
	Proposal 1: RAN1 to study low latency signalling enhancements to support Multi-RTT positioning with single satellite.
Proposal 2: RAN1 to identify the measurement configuration and reporting enhancements needed for low latency Multi-RTT method with single satellite for both uplink and downlink reference signals.
Proposal 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

	R1-2305801
	ETRI
	Proposal 1. For UE Rx-Tx time difference and gNB Rx-Tx time difference, Alt-2 or Alt-3 is adopted. 
Proposal 2. Option 1 or Option 3 is adopted for the reference point of gNB Rx-Tx time difference, i.e., either onboard the satellite or the gNB.
Proposal 3. Discuss after deciding the solution of UE/gNB Rx-Tx time difference discussions.
Proposal 4. Support Options 1, 2, and 5 above, i.e., gNB or LMF implementation to solve the mirror error issue with some spec impact
Proposal 5. RAN1 can consider periodic reporting of RTT, i.e., UE Rx-Tx time difference. In the case of determining the triggering time of multi-RTT positioning, it can be treated by network/gNB/LMF implementation.


	R1-2305848
	Sharp
	Proposal 1: Take Alt-1 of the agreement from RAN1#112bis-e, i.e., UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215.
Proposal 2: For the reference point for definition of gNB Rx – Tx time difference measurement, we slightly prefer onboard the satellite, but can be live with the other options.
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 3: 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.


	R1-2305918
	Ericsson
	Proposal 1	For UE RX-TX time difference measurement in NTN, options based on TA report cannot be used since it is derived from the GNSS position which cannot be trusted.
Proposal 2	With Alt-1, UE to report its autonomous TA adjustment (if applied) during DL-PRS reception and UL-SRS transmission to the LMF/gNB. FFS: whether it is needed for other alternatives.
Proposal 3	RAN1 to support reporting the timing offset between the gNB RX-TX reference point and the UL time synchronization reference point assuming that the gNB RX-TX reference point may or may not be aligned with the UL time synchronization reference point.
Proposal 4	RAN4 to down select the reference point for gNB RX-TX measurement from the three options (if needed).
Proposal 5	RAN1 to support the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning with potential enhancements (if needed) to help resolve mirror image ambiguity and reduce UE location verification latency in NTN.
Proposal 6	UE reporting of TA cannot be trusted for the purpose of network-verified UE location in NTN.




Appendix II: RAN1#112bis-e agreements 
The following agreement was made at RAN1#112bis:

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

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

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

Agreement
In NTN, for the position of the reference point for definition of gNB Rx – Tx time difference measurement, consider the following options:
· Option 1: Onboard the satellite
· Option 2: The uplink time synchronization reference point
· Option 3: on the gNB

Agreement
Select one (or more) of the following options for enhancing UE Rx-Tx time difference in NTN
Option 1: The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP.
For a Transmission Point 
· TUE-RX is the UE received timing of downlink subframe #i from this Transmission Point (TP), defined by the first detected path in time.
· TUE-TX is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP
· One or multiple DL RS for positioning, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
Option 2:
· For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
· FFS: details of report and the definition of UE Rx-Tx time difference    
Option 3: 
The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on one of the following options: 
· Option 3-1: This offset is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of transmit timing of uplink subframe #i and receive timing of downlink subframe#i
· Option 3-2: UE report the index of the subframe j that is closest in time to the subframe #i received from the TP and LMF can derive the offset
· Option 3-3: TA report which corresponds to the time difference of received timing of downlink subframe #i and transmit timing of uplink subframe#i rounding up to slot granularity.
Option 4: 
· UE Rx – Tx time difference TUE-RX – TUE-TX  can be directly derived from timing advance TTA 
· FFS: the granularity and the reporting range of TA.
· Note: This implies that the existing framework for Multi-RTT positioning report can be used without need to specify a new TA report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account

Agreement
Select one (or more) of the following options for the enhancement of gNB Rx-Tx time difference in NTN
Option 1: 
· The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
For a Transmission Point 
· TgNB-RX is the Transmission and Reception Point (TRP) received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
· TgNB-TX is the TRP transmit timing of the downlink subframe corresponding to uplink subframe #i received from the UE
· Multiple SRS resources can be used to determine the start of one subframe containing SRS.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
Option 2:
· For RTT measurement in NTN, support gNB report of gNB Rx-Tx time as defined in 38.215 with the following change:
· Only the SRS resource starting within a subframe can be used to determine the start of the subframe. 
Option 3: 
· Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.
Option 4:
· For RTT measurement in NTN, support gNB report that indicates the time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS. 

FFS: details of report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account

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

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