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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 #112bis-e. 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 11) for the details, with all the proposals. 

Please note the following check points for agreement according to the chair’s notes:
[112bis-e-R18-NTN-02] Email discussion on network verified UE location for NR NTN by April 26
-	Check points: April 21, April 26
Topic#1 Definition of UE Rx-Tx time difference in NTN
Background
For TN, the definition of UE Rx – Tx time difference and gNB Rx – Tx time difference are given in [TS 38.215].
The definition of the UE RX-TX time difference measurement should be revisited/adapted to NTN. In this regard, RAN1#112 made the following agreement:
	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




Companies’ contributions summary
This is the recap of companies inputs related to UE Rx-Tx time difference definition:

	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 2: For enhancing UE Rx-Tx time difference in NTN, keep the legacy R17 definition of UE Rx-Tx time difference with an offset that is determined based on subframe difference between uplink subframe # and uplink subframe #.
Proposal 4: For RTT calculation between UE and gNB, quantities in Option3-1 of UE Rx-Tx time difference and quantities in Option 3 of gNB Rx-Tx time difference are reported to LMF to obtain the RTT between gNB and UE, and the TA difference corresponding to measured subframes can be optionally reported from UE if needed.


	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: 
The UE Rx – Tx time difference in NTN 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 Transmission Point (TRP)
· TUE-RX is the UE received timing of downlink subframe #i from this TRP, defined by the first detected path in time.
· One or multiple DL PRS, as instructed by higher layers, can be used to determine the start of downlink subframe #i.
· TUE-TX is the UE transmit timing of uplink subframe #j containing SRS associated with UE


	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN1 to discuss how to maintain the accuracy of the UE location estimation without significantly increasing the reporting ranges.
Proposal 2: The UE Rx-Tx difference is compensated for the Koffset value before reporting it to the LMF.
Proposal 3: The slot offset between DL and UL slot is reduced by K_offset prior to being reported to the LMF to reduce the additional overhead of reporting.


	vivo
	Proposal 3:
· For definition of UE Rx-Tx time difference in NTN, RAN1 should first discuss following 2 aspects following same rules applied in TN:
· whether DL and UL should be decoupled, 
· allowed range of UE Rx-Tx time difference.
Proposal 3:
· RAN1 should further discuss following combinations of {gNB Rx-Tx time difference, UE Rx-Tx time difference} definition:
· {Option 1 of gNB Rx-Tx time difference, option 1 of UE Rx-Tx time difference},
· {Option 4 of gNB Rx-Tx time difference, option 2 of UE Rx-Tx time difference},
· {Option 3 of gNB Rx-Tx time difference, option 3-1 of UE Rx-Tx time difference}.


	OPPO
	Proposal 1: adopt option 1 or option 3 for UE Rx-Tx time difference measurement. 


	CATT
	Proposal 3: For Rx-Tx time difference measurement, NTN specific signaling for RX-TX signaling indication is introduced on top of legacy RX-TX 21 bits as following:
o	1bit for polarity
o	8bit for count of frame.
o	4bit for count of sub-frame

	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.


	Sony
	Proposal 1: For UE RX-TX time difference measurement, support 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    
   
Proposal 2: The UE RX-TX time difference measurement is based on an association between an identified DL PRS and an identified UL SRS.


	PANASONIC
	Proposal 1: RAN1 prioritizes adopting the legacy R17 definitions of Rx-Tx time difference (Option 3 each) for Network-verified UE location and falls back to other solutions only if problems are identified.

Proposal 2: Option 3-3 should be adopted because TA report (as specified in Rel.17) is most difficult to be faked.


	xiaomi
	Proposal 4:
For the UE Rx – Tx time difference:
· Legacy definition of the Rx – Tx time difference is kept
· An additional value is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of receive timing of a DL subframe and transmit timing of a UL subframe.


	Samsung
	Proposal 1: For enhancing UE Rx-Tx time difference in NTN select Option 2, i.e. 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 3: UE reports the arrival time of a DL RS for positioning and the transmit time of an SRS, separately.


	ETRI
	Proposal 1. Support Option 2 for enhancing UE Rx-Tx time difference in NTN, i.e., 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


	Lenovo
	Proposal 5: The UE Rx-Tx time difference definition for Multi-RTT for NTN systems may be modified according to option 2, i.e., in NTN, 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.


	ZTE
	Proposal 1: The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset 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.
Proposal 2: UE need to 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.
Proposal 3: 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 4: 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 7: TA report based RTT estimation should be supported in multi-RTT method in NTN location verification.


	MediaTek 
	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

	Ericsson
	Proposal 1	RAN1 to select a way forward for UE RX-TX time difference measurement after discussing the technical merits of Options 1, 2 and 3.
Proposal 2	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 7	UE reporting of TA cannot be trusted for the purpose of network-verified UE location in NTN.

	Apple
	Proposal 1: For network verifying UE location, the UE Rx-Tx time difference is defined as , where  is the UE received timing of downlink subframe #i from a transmission point (TP), defined by the first detected path in time;  is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP (Option 1). 


	Qualcomm
	
Proposal 1: Define a new type of UE RX-TX time difference for NTN that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS.
· FSS details of report.

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.


	NTT DOCOMO
	Proposal 1: 
For enhancing UE Rx-Tx time difference in NTN, option3-2 is preferred, i.e., the legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the following: 
•	UE 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. 


	LG Electronics
	Proposal #2: For UE Rx-Tx time difference in NTN, deprioritize option 4 (based on TA value).   


	Sharp
	Proposal 1: The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on UE report of the index of the subframe j that is closest in time to the subframe #i received from the TRP.



1st round
Several contributions have discussed the UE Rx-Tx time difference measurements. Companies preferences w.r.t the four options from related agreement in RAN1#112 are listed within the following table:

	Companies
	Preference
	Comments/observations

	Huawei, HiSilicon
	Option 3-1
	Observation 1: Options 1, 2 and 4 for enhancement will result in an excessively large reporting range of UE Rx-Tx time difference to accommodate the maximum value, in companion with significant overhead caused by the resolution step .
Observation 2: For enhancing UE Rx-Tx time difference, Option 3-1 and Option 3-2 possess the same benefits of keeping legacy R17 definition of UE Rx-Tx time difference and report mapping. 


	THALES
	Option 2
	Observation 1.	The UE Rx – Tx time difference determined based on option 1, option 3 and Option 4 (refer to RAN1#112 agreement) may be affected by the timing error i.e. Te_NTN  which could be up to 29*64*Tc or 944ns in FR1 with 15kHz SCS. De facto, with these options the positioning accuracy/UE location verification accuracy can be degraded.


	Nokia, Nokia Shanghai Bell
	[Option 3]
	The UE Rx-Tx difference is compensated for the Koffset value before reporting it to the LMF.

Observation 1: The accuracy of the UE location estimation depends on the time difference reporting range. 
Observation 2: In NTN, the current UE Rx-Tx time difference reporting range is insufficient to resolve multiple possibilities of UL slot offset.

	vivo
	First discuss decoupling of UL and DL, And the allowed range of UE Rx-Tx time difference
	RAN1 should first discuss whether UL and DL should be decoupled for UE Rx-Tx time difference definition. If it is agreed to have DL and UL decoupled, RAN1 should discuss the allowed range of UE Rx-Tx time difference following same rule applied for TN before discussing how to define the UE Rx-Tx time difference

	OPPO
	Option 1 or option 3
	Observation 1: Rx-Tx time difference takes into account the potential DL synchronization error compared to a direct TA reporting.
Observation 2: option 1 and option 3 are conceptually similar only with the difference on report quantity. 
Observation 3: although option 2 can provide LMF the RTT estimation, it changes the R17 baseline, which is not necessary, given option 1 and 3 can also achieve the same goal. 
Observation 4: Option 4 clearly lacks of information about the DL and UL synchronization error correction. 


	CATT
	
	For the UE Rx-Tx time difference, the legacy range cannot satisfy the requirement. So the range of legacy Rx-Tx time difference should be modified to satisfy the NTN scenario.
Add additional information and indicate the Rx-Tx time difference together with the legacy parameter

	Intel 
	Option 2
	For UE and gNB Rx-Tx time difference, our proposal corresponds to Option 2 and Option 4 respectively from the relevant agreements made at the last RAN1 meeting

	Sony
	Option 2
	It is clear that option 2 requires an association between DL PRS#n and UL SRS#m. The UE can then simply report the time difference between reception of DL PRS#n and the transmission of UL SRS#m. This seems to be the least ambiguous option and allows for multi-RTT positioning.

	PANASONIC
	Option 3-3
	For options under Option 3 (i.e. 3-1, 3-2 and 3-3) UE reports information corresponding to the integer part of the RTT in addition to UE Rx-Tx time difference which corresponds to the fractional part of the RTT. All information in option 3-1, 3-2 and 3-3 can be faked by the UE, but we think TA report (as specified in Rel.17) is most difficult to be faked because it is used for the scheduling (e.g. determination of Koffset) by gNB. Note that although there was an argument that TA report is not reliable because GNSS module is used, all options utilize TA value, which is derived from GNSS location information, to derive the information to be reported.

	xiaomi
	Option 3-1
	Keep the legacy definition of the Rx – Tx time difference and report an additional value

	Samsung
	Option 2
	Observation 1: RTT measurement using timing advance will result in large RTT measurement error that will in turn result in huge location estimation error for the network verified UE location in NTN. 
Options 1, 3, and 4 are heavily relying on the timing advance report.  Option 4 specifically relies on timing advance report by the UE, whereas Options 1 and 3 effectively suggest that UE measure timing advance using Rx and Tx subframe timings.
Options 1, 3, and 4 will not have location estimation error less than 10 km as required by the WID.  Only Option 2 will be a viable option because it does not rely on timing advance value for RTT measurement

	ETRI
	Option 1 and/or Option 2
	Compared to the other options, Option 2 offers a more targeted and precise approach to UE positioning in NTN while Option 1 can provide much less spec impact

	Lenovo
	Option 2
	options 1, 3, and 4 do not fully capture the time varying nature of received subframes because of satellite movement, and that may eventually result in wrong time difference or may not work

	ZTE
	Option 3-3
	Option 3 is preferred due to reduced spec impact and implementation effort. The original UE Rx-Tx time difference measurement can be kept unchanged but an additional signaling for indicate integer offset is added, which reuses current signaling as much as possible and reduces spec impact. Moreover, if option 3-3 is applied, the integer offset can be derived based on TA, which is naturally known by UE without additional measurement, and thus reduces implementation effort. Hence, option 3-3 should be considered for enhancement of UE Rx-Tx time difference.

Observation 3: TA report supported in Rel-17 NTN can be used for RTT estimation. The granularity may need to be enhanced for better location verification performance.
Observation 4: TA reported by UE can be considered to have similar reliability as other RAT dependent parameters since it is a physical layer parameter related to UL synchronization.
Observation 5: The error between TA and real RTT will not impact positioning performance if the satellite position used for TA calculation is used as anchor point position.
Observation 6: The TA report method is less impacted by the link budget and UE autonomous TA adjustment compared with legacy measurement-based method.


	MediaTek 
	Option 4
	The main benefits of the enhanced Multiple RTT positioning using Timing Advance compared to the legacy Multiple RTT positioning using PRS measurements are as follows:
· Avoids timing error introduced due to satellite moving between time the RTT UE Rx – Tx time difference TUE-RX – TUE-TX based on PRS measurements is reported and time the gNB makes measurements with SRS. 
· No additional measurements needed in the UE since PRS are not used. 
· Does not depend on SNR conditions or measurement timing errors due to timing drift at the UE since PRS is not used.
· Avoid need for serving gNB to schedule PRS at multiple time instances which saves network resources since PRS does not need to be scheduled by serving gNB at multiple time instance. 

Observation 1: In multi-RTT positioning method with single satellite, linking the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA to UL measurement occasions avoids the risk the network sends a command TA or clock drift impairments between time UE reports UE Rx – Tx time difference and UE transmit SRS.

Observation 2: If the gNB receives the PRACH/ SRS/DMRS during UL measurement occasions and receive the report of UE Rx – Tx time difference derived directly from the timing advance TTA, it can measure and correct any residual timing error caused by the accuracy of the terms in the TTA formula and other impairments to mitigate the timing error. 


	Ericsson
	First discuss the technical merits of Options 1, 2 and 3.
	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 error 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.

Option 1: We originally proposed Option 1 which attempts to enhance the legacy definition of UE RX-TX time difference in NTN, which is based on the uplink/downlink frame timing offset at the UE instead of the actual time difference between the reception and transmission of a DL-PRS and an UL-SRS at the UE. We think that this option has a low specification effort if the concerns about the initial transmit timing error (~944 us) can be addressed.
Option 2: This is a new design for UE RX-TX measurement. We think that it may be worth discussing this option despite the relatively larger specification effort needed in this case. As both DL-PRS and UL-SRS will be used anyways in multi-RTT, defining a new UE measurement based on the actual transmission of an UL-SRS may alleviate the timing error problems due to large initial transmit timing error (~944 us) for SRS transmission in NTN and the potentially large timing drift. 
Option 3: We note that Option 3 is based on a similar principle as Option 1. The key difference from Option 1 is that instead of modifying the legacy RX-TX time difference definition, Option 3 introduces a new UE measurement which needs to be reported to the network (e.g., in Option 3-1, the UE will need to measure and report the timing offset). 
We are not supportive of Option 3-3 since it is based on the TA report which cannot be trusted (see Section 4).
Option 4: We are not supportive of this option since it is based on the MAC layer TA report which is derived based on the GNSS information. As discussed in Section 4, any information derived from the GNSS such as the TA cannot be used for network verification of UE location.

	Apple
	Option 1
	We prefer Option 1 due to its small specification impact and low signaling overhead, while Option 3 can also be considered.

Option 1 reuses the framework of legacy definition of UE Rx-Tx time difference. One major difference is that  is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP. This definition extends the legacy definition for the case where RTT is larger than 1 ms, which is a straightforward definition. 

Another difference between Option 1 and legacy definition is modifying “Multiple DL PRS or CSI-RS for tracking resources, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.” to “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.”. This modification is necessary since the duration of neighbor subframes with DL RS could be different, due to Doppler shift.

Option 2 is quite different from the legacy definition of UE Rx-Tx time difference. The UE needs to report the actual timing difference between DL RS reception and uplink SRS transmission. This implies that gNB reporting needs to be adjusted accordingly (i.e., Option 4 for gNB Rx-Tx time difference). This definition involves significant specification change, and hence is not preferred.

Option 3 largely reuses the legacy definition of UE Rx-Tx time difference. The main difference is an additional report of offset is conducted in Option 3. Since NR NTN network verifying UE location has a much coarse accuracy requirement than that for TN, the granularity of UE Rx-Tx time difference could be much larger in NR NTN. Hence, even the legacy definition of UE Rx-Tx time difference is adopted for NTN, its granularity can be relaxed. 

In Option 4, the UE Rx-Tx time difference is derived from timing advance (TA), rather than the detection of the first detected path in time of a downlink subframe. Note that UE’s TA is obtained based on UE’s GNSS measurement. Since the motivation of network verified UE location is that UE reported location based on GNSS measurement could be erroneous, UE’s TA is likely to be faked and untrusted. According to WID on the fifth note of the objective of network verified UE location, the enhancements may be subject to relevant SA WGs feedbacks on the reliability of UE reports involved. Without SA WGs feedbacks on the reliability of UE TA, we think Option 4 should be deprioritized. Finally, this option has significant specification impact, as the definition of UE Rx-Tx time difference is largely changed.

	Qualcomm
	Option 2
	Observation 1: For single-sat multi-RTT in NTN, UE RX-TX time difference needs to be measured based on the actual transmission time of an SRS.
Observation 2: 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, unless UE DL subframe variation rate is provided.

Option 1: Option-1 UE RX-TX time difference is effectively the TA of subframe #i. If a UE RX-TX time difference report is not tied to an SRS transmission, the error can be far larger than the required accuracy for single-sat multi-RTT based network verification of UE location. For instance, the maximal UL transmit timing error for 15 kHz SCS can be  up to 29*64*Tc, or about 944 ns. Such a large error does not allow location verification with 10 km accuracy in NTN as will be clear in the subsequent simulation results. 

Option 3: The difference of  #i and #j in NTN can be up to 20 for LEO satellites. In addition, noting that the DL subframe duration at UE can vary up to 50 ns per subframe and the TUE_RX-TX can vary up to 100 ns per subframe, the physical meaning of Option 3 is unclear.  Measurements based on Option 3-1 and option 3-3 neither tell the TA of subframe #i nor the TA of subframe #j. With Option 3-2, the time duration between subframe #i and subframe #j at UE is unknown and hence it does not tell the TA of subframe #j.

Option 4: As discussed in Option 1, UE TA report does not provide the required accuracy.



	NTT DOCOMO
	Option 3-2
	As the UE reported TA information derived by the GNSS information may not be trusted by the NW, option 3-3 and option 4 are not preferred. 
The approaches which reuse legacy definition of UE Rx-Tx time difference in NR and report additional information to assist acquiring UE Rx-Tx time difference in NTN, i.e., option 3-1 and option 3-2, could be considered. 
For option 3-1, the offset is reported as approximation of time difference of transmit timing of uplink subframe #i and receive timing of downlink subframe #i. In our understanding, this time difference itself is regarded as UE Rx-Tx time difference in NTN, however, it is not accurate. 
While option 3-2 is simpler and clearer on acquiring the time offset caused by the propagation delay. Thus, option 3-2 is preferred for definition of UE Rx-Tx time difference. 


	LG Electronics
	Deprioritize option 4
	Proposal #2: For UE Rx-Tx time difference in NTN, deprioritize option 4 (based on TA value).   


	Sharp
	Option 3-2
	Proposal 1: The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on UE report of the index of the subframe j that is closest in time to the subframe #i received from the TRP.




Proposal 1-1-1
For enhancing UE Rx-Tx time difference in NTN, based on companies inputs summarized in the previous section and the above table summarizing companies preferences w.r.t the four options being discussed, the large majority is supportive of Option 3 (all variants included) and option 2. Some companies are supportive of Option 1. And one company is supportive of Option 4.
With the above in mind, the following initial proposal is made:

Proposal 1-1:
For enhancing UE Rx-Tx time difference in NTN, the option-4 is lower priority for further discussion.

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

	OPPO
	OK

	MediaTek
	Not support. Option 4 should be discussed as an alternative to PRS-based measurements. The aspects related to accuracy, signaling, and reporting details of the "UE Rx-Tx" difference can be discussed as for the other Option 1-3.

	Qualcomm
	OK. However, Option 4 can be supported if LMF decides a very coarse granularity is sufficient.

	Ericsson
	Support.

	Nokia, Nokia Shanghai Bell
	Agree.
Further, since there are relatively few companies supporting option-1, this could also be considered for being taken out of scope for further discussions. After all, the three remaining options are quite similar (mainly a matter of definitions used for the measurement and the reporting).

	Lenovo
	Support

	Apple
	Support

	Samsung
	We support this proposal.  We don’t think Option 4 is able to offer the required accuracy for network verified UE location.

	Huawei, HiSilicon
	We are fine with proposal 1-1 to remove the options with the minimum interests.

	Xiaomi
	Support

	NTT DOCOMO
	Support

	Panasonic
	OK for us. 

The connection between T_TA and UE Rx-Tx TD is fairly straightforward. How UE Rx-Tx TD is actually determined could be considered an implementation detail. gNB/UE Rx-Tx TD alone are not sufficient to determine RTT. Additionally, the TA-report is needed. Hence, option 4 seems to be already captured in option 3.

	SONY
	Support. Option 4 does not provide the required accuracy.

	ZTE
	Not support. Option 4 can be an alternative to measurement based method. Moreover, as the pros and cons are to be discussed as mentioned in proposal 1-2, we think option 4 should also be included in the evaluation instead of directly setting low priority.
For option 4, it is worth noting that sync error may not impact the positioning accuracy. The key impact on positioning accuracy is whether the RTT between UE and anchor point is accurately estimated. Hence, if we regard the satellite position used for service link TA calculation instead of actual satellite position at that time as the anchor point, the positioning accuracy can still be kept even if there is error between TA and real RTT.

	Vivo 
	Support.



Proposal 1-1-2
From Moderator’s perspective: Option 1, Option 2 and Option 3 (including all variants for now) can be prioritized for further discussion. Then, the group needs to discuss the pros and cons of each option by taking into account at least the following considerations:
· Receive-transmit time difference measurements accuracy including the impact of UE autonomous adjustment of TA
· Signalling overhead
· Specifications impact

Based on the above, the following proposal is made:

Proposal 1-2:
Study further the accuracy, signaling, and reporting details of the "UE Rx-Tx" measurement based on Option 1, Option 2 and Option 3.

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

	OPPO
	The verification is assumed to be one time procedure. Once a UE is verified, it won’t be asked to verify again and again. Thus, it is not clear why we put signaling overhead as an KPI to evaluate. To us, the signaling overhead in this use case is not important. 

Moreover, the legacy definition is the baseline, RAN1 needs to prove why the baseline cannot work and suggest a change of the baseline. 

	MediaTek
	Option 4 should be part of the list.

	Qualcomm
	At this stage, we should only consider performance, i.e., accuracy. Signaling overhead should not be considered. 

	Ericsson
	We are fine with the proposal but also agree with OPPO’s comment that signalling overhead is perhaps not needed at this stage. We first need to answer how/if the baseline solution (Option 1, 3) fares on at least the following technical aspects and how/if Option 2 addresses those concerns:
· UE uplink transmit timing error
· UE autonomous TA adjustment
· Timing drift
Once companies understanding is aligned, we can proceed with the down selected options.

	Nokia, Nokia Shanghai Bell
	Support, but as mentioned for Proposal 1-1, it may be beneficial to further reduce the scope such that only options 2 and 3 are considered here.

	Lenovo
	Fine with the proposal

	Apple
	We support the proposal. 

	Samsung
	Support

	Huawei, HiSilicon
	Our view is that we should jointly discuss how UE Tx-Rx difference and gNB Tx-Rx time difference are used together. It does not make sense to separately discuss whether Receive-transmit time difference measurements is accurate or not, because the final intention is to obtain the RTT values. 
Therefore, for the detailed merits need to be considered, we agree that signaling overhead and specification impact should be considered. But for the first bullet, it should be “RTT/location accuracy when UE Rx-Tx time difference and gNB Rx-Tx time difference are jointly used”, because what impacts the final location accuracy is the RTT accuracy rather than the accuracy Rx-Tx time difference on UE or gNB.

	Xiaomi
	We share the view that we should firstly align the understanding of the options and then decide to adopt which option considering the metrics.

	NTT DOCOMO
	Support

	Panasonic
	Support.

	SONY
	Support.

In terms of the comment from OPPO, we support the sentiment that signalling overhead is not a big issue for a one-time procedure. However, we look at this as meaning that we don’t need to perform signalling optimization. We think that [to a large extent], option 3 is a signalling optimization over option 2 (the optimization being to send a separate offset). Can’t we just adopt the simple solution of option 2?

	ZTE
	This proposal is not necessary. Without any analysis, all options should be discussed.

	Vivo 
	Support.
And we also think UE Rx-Tx time difference definition discussions should be associated to gNB Rx-Tx time difference discussions.



2nd round
Proposal 1-2-1
Based on the first round of discussions, it seems that Proposal 1-1 is acceptable to large majority. However, some companies want to keep the option 4 as an alternative to measurement based method. Further, the difference between option 1 and Option 3 (with different variants) is mainly the reporting range/reporting granularity.
To limit the scope at this stage, let’s deprioritize option 1 and study further the accuracy of other options including Option 4.

The second round proposal is as follows:

Proposal 1-2:
For enhancing UE Rx-Tx time difference in NTN, the option-1 is lower priority for further discussion.


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

	
	

	
	

	
	

	
	



Proposal 1-2-2

Proposal 1-2:
Study further the accuracy and reporting details of the "UE Rx-Tx" measurement based on Option 2, Option 3 and option 4.

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

	
	

	
	

	
	

	
	




Topic#2 Definition of gNB Rx-Tx time difference in NTN
Background
For TN, the definition of UE Rx – Tx time difference and gNB Rx – Tx time difference are given in [TS 38.215].
The definitions of the gNB RX-TX time difference measurement should be revisited/adapted to NTN. In this regard, the following agreements was made at the previous RAN1 meeting:
	Agreement
Select one (or more) of the following options for the enhancement of gNB Rx-Tx time difference in NTN
Option 1: 
· The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
For a Transmission Point 
· TgNB-RX is the Transmission and Reception Point (TRP) received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
· TgNB-TX is the TRP transmit timing of the downlink subframe corresponding to uplink subframe #i received from the UE
· Multiple SRS resources can be used to determine the start of one subframe containing SRS.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
Option 2:
· For RTT measurement in NTN, support gNB report of gNB Rx-Tx time as defined in 38.215 with the following change:
· Only the SRS resource starting within a subframe can be used to determine the start of the subframe. 
Option 3: 
· Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.
Option 4:
· For RTT measurement in NTN, support gNB report that indicates the time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS. 

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




Companies’ contributions summary
This is the recap of companies inputs related to gNB Rx-Tx time difference measurements definition:

	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 3: Support Option 3 to enhance gNB Rx-Tx time difference via keeping the current gNB Rx-Tx definition and additionally reporting an offset to cover kmac.
Proposal 4: For RTT calculation between UE and gNB, quantities in Option3-1 of UE Rx-Tx time difference and quantities in Option 3 of gNB Rx-Tx time difference are reported to LMF to obtain the RTT between gNB and UE, and the TA difference corresponding to measured subframes can be optionally reported from UE if needed.


	THALES
	Proposal 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.


	vivo
	Proposal 3:
· RAN1 should further discuss following combinations of {gNB Rx-Tx time difference, UE Rx-Tx time difference} definition:
· {Option 1 of gNB Rx-Tx time difference, option 1 of UE Rx-Tx time difference},
· {Option 4 of gNB Rx-Tx time difference, option 2 of UE Rx-Tx time difference},
· {Option 3 of gNB Rx-Tx time difference, option 3-1 of UE Rx-Tx time difference}.
Proposal 7:
· For supporting Multi-RTT method in NTN, RAN1 to discuss whether and how to mitigate the uplink timing error.



	OPPO
	Proposal 3: UE needs to report the time difference between the TUE-TX and SRS transmit time.


	CATT
	Proposal 2: Defined the Sat Rx-Tx time difference parameter as TSat-RX – TSat-TX in NTN, replacing the gNB RX-TX time difference. 
Where:
· TSat-RX is the satellite received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
· TSat-TX is the satellite transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.
· Multiple SRS resources can be used to determine the start of one subframe containing SRS.
· The reference point for TSat-RX shall be:
-	the Rx antenna of satellite (i.e. the centre location of the radiating region of the Rx antenna).
· The reference point for TSat-TX shall be:
-	the Tx antenna of satellite (i.e. the centre location of the radiating region of the Tx antenna).
Proposal 4: The Sat Rx-Tx time difference should be calculated by following options:
· Option 1: Sat Rx-Tx time difference is deduced by gNB based on the gNB Rx-Tx time difference measurements and system information indicated by network which includes TAcommon, TAcommonDrift, TAcommonDriftVariation, epoch time, ephemeris and so on. Then gNB sends Sat Rx-Tx time difference to LMF.
· 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 Sat Rx-Tx time difference based on the collected information.


	Intel
	Proposal 1: 
· 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.


	PANASONIC
	Proposal 3: (Option 3) Keep the current gNB Rx-Tx definition and report an offset which can covers the time duration corresponds to kmac if needed.


	xiaomi
	Proposal 4:
For the gNB Rx – Tx time difference:
· Legacy definition of the Rx – Tx time difference is kept
· An additional value is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of receive timing of a UL subframe and transmit timing of a DL subframe.


	Samsung
	Proposal 2: For enhancing gNB Rx-Tx time difference in NTN select Option 4, i.e. 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.
Proposal 4: gNB reports the transmit time of a DL RS for positioning and the arrival time of an SRS, separately. 


	ETRI
	Proposal 2. Support Option 2 for enhancing gNB Rx-Tx time difference in NTN, i.e., support gNB report of gNB Rx-Tx time as defined in 38.215 with a modification.
Proposal 3. RAN1 needs further discussion with and after the discussion of the definition of gNB Rx-Tx time difference.



	Lenovo
	Proposal 3: The gNB Rx-Tx time difference definition for Multi-RTT for NTN systems may be modified according to option 4, i.e., in NTN, 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.


	ZTE
	Proposal 6: 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

	Ericsson
	Proposal 3	RAN1 to select Option 2 or 3 for gNB RX-TX time difference measurement if UE RX-TX time difference measurement in NTN is based on enhancing the legacy definition.
Proposal 4	RAN1 to select Option 4 for gNB RX-TX time difference measurement if a new UE RX-TX time difference measurement is introduced for NTN based on the actual transmission of UL-SRS and reception of DL-PRS.

	Apple
	Proposal 4: For network verifying UE location, the gNB Rx-Tx time difference is defined as , where  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;  is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE, where only the SRS resource starting within a subframe can be used to determine the start of the subframe (Option 2). 


	Qualcomm
	
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 single-sat multi-RTT, the gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX

Where:
· TgNB-RX is the Transmission and Reception Point (TRP) received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
· TgNB-TX is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.

The start of the uplink subframe #i is determined by the received SRS resource that start within the subframe. 



	NTT DOCOMO
	Proposal 2:
For enhancing gNB Rx-Tx time difference in NTN, option4 is preferred, i.e., 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.
· E.g., the legacy R17 definition of gNB Rx-Tx time difference is adopted for NTN with an offset that is determined based on the RTT between gNB and RP. 



	LG Electronics
	Proposal #3: For gNB Rx-Tx time difference in NTN, support option 3.   


	Sharp
	Proposal 2: Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.



1st round
Several contributions have discussed the gNB Rx-Tx time difference measurements. Companies preferences w.r.t the four options from related agreement in RAN1#112 are listed within the following table:

	Companies
	Preference
	Comment/observations

	Huawei, HiSilicon
	Option 3
	Observation 3: For enhancing gNB Rx-Tx time difference, Option1 and Option 4 are not preferred due to the excessively large reporting range to accommodate the maximum value and significant overhead with the resolution step .
Observation 4: It is not clear on how Option 2 is used to derive the quite large RTT in NTN. 


	THALES
	Option 2
	To be able to calculate the RTT based on the time difference between the transmit time of a DL PRS and the arrival time of an SRS as reported by the gNB and the time difference between the arrival time of a DL PRS and the transmit time of an SRS as reported by the UE, the DL PRS used for the measurement of these time difference should be uniquely identified by both UE and gNB.

	vivo
	
	When discussing options for defining gNB Rx-Tx time difference, each of the option should be associated to one option of defining UE Rx-Tx time difference since the final RTT calculation is the time difference between gNB Rx-Tx time difference and UE Rx-Tx time difference which should be derived with same mechanism

	OPPO
	Reusing R17 definition is a preferred way-forward.
	The gNB Rx-Tx time difference is not needed to be changed and reusing R17 definition is a preferred way-forward.
The UE may adjust the DL and UL timing between the TUE-TX time and the SRS transmit time. Therefore, it would be needed for the UE to also report the time difference between the TUE-TX and SRS transmit time

	CATT 
	Use Sat Rx-Tx time difference instead of gNB Rx-Tx time difference
	The TPR is the real point to participate the positioning measurements in terrestrial network. Compared with the terrestrial network, the satellite plays the role as TRP in NTN to implement the time difference measuring. In order to reuse the legacy of RAT-dependent position solutions, it is better to treat the satellite as the reference point for gNB Rx-Tx time difference measurement.

	Intel
	Option 4
	For NTN, the TA is a function of time which is unknown at the gNB, DL slot duration is also changing in time. Thus, the time difference between UL and DL slots with the same indexes in a time instance doesn’t translate to the actual timing difference between a DL RS and SRS. In that case, the time difference between the reference signals should be directly measured. The same principle can be applied for gNB Rx-Tx time difference. Considering the above, we propose to modify the UE/gNB Rx-Tx time difference definition

	PANASONIC
	Option 3
	

	xiaomi
	Option 3
	Keep the legacy definition of the Rx – Tx time difference and report an additional value

	Samsung
	Option 4
	Options 1, 2, and 3 in the agreement for the enhancement of gNB Rx-Tx time difference will all result in huge RTT measurement error.  Only Option 4 will be a viable option because it does not rely on timing advance value for RTT measurement

	ETRI
	Option 1(or Option 2) and/or Option 4
	Option 4 provides a clear and straightforward approach for gNB Rx-Tx time difference measurement similar to Option 2 of UE Rx-Tx time difference. Option 2 can be further discussed, especially whether the modification on the SRS resource is essential

	Lenovo
	Option 4
	Option 1 and option 2 may not be feasible in NTN context, while option 3 may be feasible to some extent. Out of these options, option 4 truly depicts the actual gNB Tx-Rx time difference that is needed for multi-RTT calculations

	ZTE
	Option 2
	Option 2 should be adopted for gNB Rx-Tx time difference enhancement.

	Ericsson
	Depending on how the UE RX-TX time difference is defined
	Observation 3	The description of gNB RX TX time difference in NTN will depend on how the UE RX-TX time difference is defined.

When the UE RX-TX time difference in NTN is defined by enhancing the legacy definition (e.g., Options 1 or 3), the corresponding gNB RX-TX time difference should also be based on the legacy definition (e.g., Options 2 or 3).

When the UE RX-TX time difference is defined using both DL-PRS and UL-SRS (Option 2), then the corresponding gNB RX-TX time difference can also be defined using both DL-PRS and UL-SRS (Option 4).


	Apple
	Option 2
	Only the minor modification of gNB Rx-Tx time difference as in Option 2 is needed.
Option 2 largely reuses the legacy definition of gNB Rx-Tx time difference. The only change is modifying “Multiple SRS resources can be used to determine the start of one subframe containing SRS” to “Only the SRS resource starting within a subframe can be used to determine the start of the subframe.” This modification is necessary since the duration of neighbor subframes with SRS could be different, due to Doppler shift.

	Qualcomm
	Option 2
	Observation 2: 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, unless UE DL subframe variation rate is provided.

Since gNB subframe duration is a constant, existing gNB RX-TX time difference definition can be reused except that only the SRS resource that starts within the subframe can be used to determine the start of the subframe.


	NTT DOCOMO
	Option 4
	Our preference is to reuse legacy definition of gNB Rx-Tx time difference in NR and report additional information to assist acquiring gNB Rx-Tx time difference in NTN, thus, option 1 is not preferred. 
For option 2, it is not complete to solve the issue. With option 2, clarification on the time misalignment on gNB side should be further considered. 
For option 3, as the kmac value may or may not equal to the RTT between gNB and the UL synchronization reference point, option 3 may not be accurate to be considered as this offset. 
Option 4 can be considered as a starting point of definition of gNB Rx-Tx time difference, and the report information can be further discussed.


	LG Electronics
	Option 3
	Proposal #3: For gNB Rx-Tx time difference in NTN, support option 3.   


	Sharp
	Option 3 
	Proposal 2: Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.




Proposal 2-1
The issue on Rx-Tx time difference measurements definition in NTN was discussed in several contributions. Based on companies inputs summarized in the previous section and the above table summarizing companies preferences w.r.t the four options being discussed, it seems that the majority is supportive of option 2 or Option 3. Four companies prefer option 4. Option 1 is  lower priority to the majority. 

Moderator’s view:  The option to be adopted is depending on how the UE RX-TX time difference is defined. However, based on companies inputs, it seems that reusing Release-17 definition is a preferred WF. Thereby, the following proposal is made:

Proposal 2:
For RTT measurement in NTN, support gNB report of gNB Rx-Tx time as defined in TS 38.215 (Rel-17).
FFS: Whether the following changes are needed:
· Only the SRS resource starting within a subframe can be used to determine the start of the subframe.
· Report an offset which can cover the time duration corresponds to kmac 
· The reference point for the gNB Rx – Tx time difference in NTN

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

	OPPO
	OK

	MediaTek
	Support

	Qualcomm
	OK. We don’t understand why Kmac is needed. Note that Kmac is a value to cover the delay between gNB and ULSRP, i.e., it ideally should be larger than or equal to the physical delay between gNB and ULSRP. 

	Ericsson
	It is pre-mature to finalize gNB RX-TX time difference until UE RX-TX time difference is defined as gNB RX-TX time difference measurement should be defined accordingly.

	Nokia, Nokia Shanghai Bell
	In general OK with the Proposal 2 as a starting point, but it should be noted that the gNB report as it is would not suffice in our opinion (since it is only dealing with single-slot resolution). We would suggest to use rephrase such that we capture that we support the gNB report with modifications/enhancements to capture the NTN specific elements of time difference reporting.
Additionally, we do not see any need for providing the kmac value as it is only associated to the UE actions for MAC related control messages.

	Lenovo
	Do not Support. We have similar views as Ericson.

	Apple
	Support

	Samsung
	The definition of gNB Rx-Tx should follow the same methodology of the definition of UE RX-Tx.  So, we agree with Ericsson, it would be pre-mature to discuss gNB Rx-Tx before finalizing UE Rx-Tx definition.  

	Huawei, HiSilicon
	We are fine to have some further narrow-down in the first-round discussion. However, in our view there is no need to change the reference point of gNB Rx-Tx time difference considering even if we don’t change the definition of reference point, the final RTT value can be still calculated by subtracting the feeder link delay.
We have different understanding from Ericsson. We should jointly discuss UE Rx-Tx and gNB Rx-Tx time difference to understand how they work jointly to figure out RTT. It doesn’t make sense to only discuss UE Rx-TX difference because companies may have difference assumption of gNB Rx-Tx time difference in their mind, which causes difficult to converge.

	Xiao
	We think “Report an offset” is good enough, what is the content/purpose of the reporting is subject to the solutions.

	Intel
	For gNB Rx-Tx time difference the timing of DL slots at the gNB can be fixed. So, seems the legacy definition can work in this case. However, if Option 2 is used for UE Rx-Tx time, we still think that Option 4 is better for gNB Rx-Tx time difference.

So, we prefer to discuss UE Rx-Tx time difference definition first or discuss UE/gNB Rx-Tx time difference together. 

	NTT DOCOMO
	Support in general. As kmac may or may not corresponds to the delay between gNB and UL synchronization point, the reported offset can be directly described as ‘offset corresponds to time misalignment on gNB’. 

	Panasonic
	Support. On the 2nd sub-bullet, we prefer to change “corresponds to kmac” to “corresponds to RTT between gNB and UL synchronization reference point” as more generic words because kmac is rounded to slot granularity while necessary information may need higher granularity. 

	SONY
	Agree with Ericsson and Samsung. We should decide on the UE Rx-Tx time difference measurement first. We’d then like to have gNB and UE reports that are compatible (or similar), i.e. pair UE option 2 with gNB option 4.



	ZTE
	Depends on the solution of UE Rx-Tx time difference. Can be discussed after finishing discussion of enhancement at UE side.

	Vivo 
	We share similar view as majority companies that this should be discussed together with UE Rx-Tx time difference discussion.



2nd round
Proposal 2-2
Proposal 2 is updated based on companies comments at first round. Several companies want to jointly discuss both UE and gNB transmit-receive time difference. From Moderator’s perspective, as there are many options for both UE and gNB Rx-Tx time difference, we need start somewhere and take the proposal 2-2 at least as a working assumption. The combination with the options related to UE Tx-Rx time difference will be captured within the proposal 3-2-2

Proposal 2-2:
Working assumption
For RTT measurement in NTN, support gNB report of gNB Rx-Tx time as defined in TS 38.215 (Rel-17).
FFS: Whether the following changes is needed:
· Only the SRS resource starting within a subframe can be used to determine the start of the subframe.

Topic#3 Rx-Tx time difference accuracy
Background
For TN, the UE Rx-Tx time difference measurement accuracy requirements are defined in clause 10.1.25.2 of TS 38.133.
The recommendation was made in the last RAN1 meeting:
FL Recommendation: We may come back on this issue, if Rx-Tx time difference measurements accuracy is impacting the design of the solution for Network verified UE location: For example, the potential impact of satellite movement on the determination of RTT.
Companies’ contributions summary
The following proposals and observation on Rx-Tx time difference measurements accuracy are submitted to current RAN1 meeting:

	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 7: Feeder link latency as well as satellite processing time should be taken into account when estimating UE’s location in NTN with transparent satellite.


	THALES
	Observation 1.	The UE Rx – Tx time difference determined based on option 1, option 3 and Option 4 (refer to RAN1#112 agreement) may be affected by the timing error i.e. Te_NTN  which could be up to 29*64*Tc or 944ns in FR1 with 15kHz SCS. De facto, with these options the positioning accuracy/UE location verification accuracy can be degraded.


	Nokia, Nokia Shanghai Bell
	Observation 1: The accuracy of the UE location estimation depends on the time difference reporting range. 
Observation 5: The estimation accuracy and the execution time of the UE location verification procedure may depend on the radio channel conditions.

Proposal 1: RAN1 to discuss how to maintain the accuracy of the UE location estimation without significantly increasing the reporting ranges.
Proposal 7: RAN1 to discuss mitigation techniques for poor radio propagation conditions.


	vivo
	Proposal 6:
· 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.


	Intel
	Observation 2: 
· Frequency error of 0.1 ppm for S-band results in an error of 0.9 km (3 µs) for measurement interval of 30 seconds
Observation 3:
· Frequency error (mismatch with nominal frequency) due to Doppler shift caused by UE speed and due to non-ideal compensation of Doppler shift caused by satellite speed is significant (larger than 0.1 PPM)


	PANASONIC
	Observation 3:
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. 


	ZTE
	Observation 5: The error between TA and real RTT will not impact positioning performance if the satellite position used for TA calculation is used as anchor point position.
Observation 6: The TA report method is less impacted by the link budget and UE autonomous TA adjustment compared with legacy measurement-based method.

Proposal 2: UE need to 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.
Proposal 3: 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 4: 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.


	MediaTek
	Observation 3: The accuracy of the timing advance TTA has no significant impact on the accuracy of the UE Rx-Tx time difference directly derived from the timing advance TTA or determined from DL PRS measurements.
Observation 4: The accuracy of network-based UE location verification with multiple-RTT in single satellite with UE Rx–Tx time difference TUE-RX–TUE-TX directly derived from timing advance TTA does not depend on SNR conditions or measurement timing errors at the UE or gNB due to timing drift.  
Observation 5: The accuracy of the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA can be within 20 Tc, or about 10 ns


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




1st round
As discussed under Topic#1, the RAN1 needs to discuss the pros and cons of the different options proposed for UE Rx-Tx time difference in NTN, by taking into account at least the following considerations: Receive-transmit time difference measurements accuracy including the impact of UE autonomous adjustment of TA, signalling overhead and specifications impact. 
Moderator would like to recall that for based on Rx-Tx measurements the LMF can derive the Tadv (at least for a TRP associated with serving cell) used for multi-RTT:
•	The UE reports the UE Rx-Tx measurement,
•	The gNB receives the "UE Rx-Tx" and adds the "gNB Rx-Tx" to derive the Tadv = "UE Rx-Tx" + "gNB Rx-Tx"
To moderator’s understanding, in the "ideal" case, the UE applied timing advance would correspond to twice the propagation delay and would be equal to the UE Rx-Tx Time Difference, and thereby, the gNB Rx-Tx Time Difference would be zero (without considering kmac and TA_offset). However, timing advance is typically based on maximum received energy for communication, whereas Rx-Tx measurements for positioning are based on the first detected propagation path. Also, the gNB Rx-Tx is actually added to UE Rx-Tx in order to take into account transmission timing error. If the UE autonomous adjustment of TA is not applied, gNB Rx-Tx is enough to mitigate timing error due to DL sync error. However, if the UE autonomous adjustment of TA 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 open loop TA control. 
From Moderator’s perspective: the main questions are: For sufficient accuracy of RTT determination, how to jointly use UE Rx-Tx time difference and gNB Rx-Tx time difference measurement in NTN? and what are the necessary information to be reported to mitigate the UE autonomous adjustment of TA? 

Based on the above, and to share the same understating, the questions within the following two proposals need to be addressed:

Proposal 3-1-1
Proposal  3-1-1
For RTT determination with sufficient accuracy in NTN, how to jointly use UE Rx-Tx time difference and gNB Rx-Tx time difference measurements? 
Companies are encouraged to answer the above question for the "UE Rx-Tx" measurement based on Option 1, Option 2 and Option 3, and gNB Rx-Tx time difference as defined in 38.215: 
Please elaborate

	Companies
	Comments and Views

	OPPO
	From our understanding, option 1 and option 3 follow legacy definition principle. There is no need to change this framework. The pointed issue by moderator can be nicely resolved by additional reporting, from UE to gNB/LMF, the time offset between the TUE-TX and SRS transmit time as we presented in our contribution document. For this reason, option 1 or option 3 can perfectly work. 

	MediaTek
	Option 1 and Option 3 can follow the legacy positioning multi-RTT method. The UE must apply the TA before transmitting the SRS, and report the TA.
Though the moderator asked to only comment on Option 1,2,3, we think that Option 4 can be discussed at this stage as it is part of the WID. Option 4 can also follow the legacy positioning multi-RTT method, similarly to Option 1 and Option 3, and also report the time offset between the TUE-TX and SRS transmit time. 


	Qualcomm
	Seems that OPPO wants Option 2. They want a report based on a legacy definition + the time difference between Tue-tx and SRS transmit time. So OPPO thinks the legacy def does not work or it will work if additional report is added. Regardless, it is important to note that based on Oppo’s proposal, UE RX-TX time difference and gNB RX-TX time difference are coupled. This is very different from the legacy one.

	Nokia, Nokia Shanghai Bell
	For the UE Rx-Tx time difference measurement and the gNB Rx-Tx time difference measurement we find it important that we maintain the accuracy (the granularity) of the measurement as well as ensure a solid understanding of the absolute time difference that is experienced. That is, it would not be sufficient to use time difference between subframe #i and subframe #j without also clarifying the absolute offset between these two. With this starting point, it is clear that the definition of 38.215 for the measurements cannot stand by itself, which would render the pure option 3 as out of scope (as it is “enriched 38-213 measurements instead” – and resembles any of the other two options).

We would like to reiterate our opinion that in terms of overhead, it might be beneficial to reduce the slot or subframe offset being reported by the UE by the value of K_offset, which is anyway known and used by the UE.

	Lenovo
	We don’t support this proposal. In our view, it is too early to discuss this proposal. Agreeing to this proposal would imply agreeing to the previous proposals. We should postpone this discussion until we have finalized the definitions.

	Apple
	UE Rx-Tx time difference definition in Option 1 and Option 3 follows legacy design, with just value range changed. If gNB Rx-Tx time difference definition follows legacy design as in 38.215, then the legacy way of calculation can be used, i.e., the sum of UE Rx-Tx time difference and gNB Rx-Tx time difference. 

In our understanding, UE Rx-Tx time difference definition in Option 2 is coupled with gNB Rx-Tx time difference definition in Option 4, where both are based on the actual SRS transmission. 

	Samsung
	It is too soon to discuss this. First we should come to agreements for Topic#1 and Topic #2, then we can discuss such a proposal.  

	Huawei, HiSilicon
	We think this issue should be discussed firstly. Actually we prefer to list all alternatives most companies are interested in for further discussion. We should understand how the whole mechanism work.

We have provided in our contribution regarding how to use UE Rx-Tx time difference option3 and gNB Rx-Tx time difference option 3 jointly to figure out the final RTT values.
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The RTT between gNB and UE can be obtained by:
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where:
·  and TgNB-RX – TgNB-TX are the quantities reported by Option 3 of gNB Rx-Tx time difference for NTN;
·   and TUE-RX – TUE-TX are the reporting metrics in Option 3-1 of UE Rx-Tx time difference for NTN;
· ∆TA is the applied TA change/difference between the two timing advance applied on subframe#i and subframe#l.

Compared with the combination of UE Rx-Tx time difference option 2 and gNB Rx-Tx time difference option 2/4, the benefits of the above combination of option 3+option 3 are: 
1) no need to change the definition of legacy UE Rx-Tx time difference and gNB Rx-Tx time difference, and therefore the reporting granularity and range are not changed. 
2) The reporting signaling overhead is much smaller, considering the Rel-17 UE Rx-Tx time difference and gNB Rx-Tx time difference just need to report the value in the range of +/-0.5ms, and additional offsets are in the unit of milliseconds or slots. However, UE Rx-Tx time difference option 2 shall consider a larger range considering the time gap between PRS subframe and SRS subframe shall be also reported in the range, and meanwhile the range can be a quite divergent range depending on which pair of PRS and SRS are coupled.
3) More flexible and no need to explicitly couple a PRS subframe and SRS subframe. However, the combination of UE Rx-Tx time difference option 2 and gNB Rx-Tx time difference option 2/4 need to explicitly couple the measured PRS and SRS, which creates more complexity. 
The RTT accuracy due to TA autonomous adjustment of the combination of UE Rx/Tx time difference option 3 and gNB Rx/Tx option 3 can be resolved and detailed analysis is shown in the reply of next proposal.

	Intel
	For Option 2 UE Rx-Tx time difference, the UE measures the actual time difference between the DL and UL RS. If we consider legacy definition for gNB Rx-Tx time difference, then slot offsets should be subtracted from the measured actual time difference by the UE (since gNB Rx-Tx time difference does not contain slot offset between the DL RS and UL RS). This slot offset is configured by the gNB and known both at the UE and at the gNB. 

	NTT DOCOMO
	It could be clarified that whether the UE autonomous adjustment of TA would challenge the verification accuracy. If not, legacy design of RTT calculation can be followed. If so, it could be considered based on definition of UE/gNB Rx-Tx time difference. 

	Panasonic
	Option 3-3 of the UE Rx-Tx TD reads: the legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the 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 3 of the gNB Rx-Tx TD reads: Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.

Based on these legacy definitions – with the details described in our contribution R1-2300714 to the previous RAN1#112-meeting – RTT is determined as
 
RTT=gNB-RTTD + UE-RTTD + TA-report - ceil(UE-RTTD/SD)*SD

where SD is the slot duration. 

	SONY
	We can discuss this after concluding on Topic#1 and Topic#2.

If we were to choose option 2 for the UE and option 4 for the gNB, the RTT would simply be gNB_option4 – UE_option2

	ZTE
	In our view, UE is able to know the timing change due to autonomous TA adjustment. Hence, for option 1 and 3, when reporting the UE Rx-Tx time difference, UE can adjust the reported value with the timing drift caused by autonomous TA adjustment. Then legacy combination of UE Rx-Tx time difference and gNB Rx-Tx time difference can be used.
For option 2, gNB Rx-Tx time difference need to be updated to receiving time of SRS and transmitting time of PRS accordingly.

	Vivo 
	The combinations of {gNB Rx-Tx time difference, UE Rx-Tx time difference} definitions can be:
· {Option 1 of gNB Rx-Tx time difference, option 1 of UE Rx-Tx time difference},
· {Option 4 of gNB Rx-Tx time difference, option 2 of UE Rx-Tx time difference},
· {Option 3 of gNB Rx-Tx time difference, option 3-1 of UE Rx-Tx time difference}.




Proposal 3-1-2
Proposal  3-1-2
For RTT determination with sufficient accuracy in NTN, how to mitigate/take into account the impact of UE autonomous adjustment of TA? and what are the necessary information to be reported to this aim? 
· e.g. if option 3 (or option 1) is adopted, one solution could be: UE reports timing drift on the service link and gNB reports timing drift on feeder link. Another solution: UE indicates to the gNB/LMF any adjustment on TA due to open loop TA control. 
Companies are encouraged to answer the above questions for the "UE Rx-Tx" measurement based on Option 1, Option 2 and Option 3, and gNB Rx-Tx time difference as defined in 38.215: 
Please elaborate

	Companies
	Comments and Views

	OPPO
	From our understanding, the time drift reporting is not needed. Only the time offset between TUE-TX and SRS transmit time is enough. 

	MediaTek
	It  is too early to agree this proposal. There should be some understanding first on 3-1 , and how the toffset between the TUE-TX and SRS transmit time is reported for all the Option 1 and 3, and Option 4. The report of the timing drift cold be considered as an alternative way to reporting time offset between the TUE-TX and SRS transmit time, but this needs further discussion. 

	Nokia, Nokia Shanghai Bell
	Our preference would be that the UE does not do any autonomous TA updates during the measurements. That is, the time difference between performing the PRS reception and the SRS transmission should be as short as possible. 

	Samsung
	It is too soon to discuss this. First we should come to agreements for Topic#1 and Topic #2, then we can discuss such a proposal.  

	Huawei, HiSilicon
	We think we should discuss two propsoal 3 with higher priority, otherwise cmpaines cannot understand how each options of topic#1 and topic#2 work to figure out the RTT values we want. 
According to our analysis, the final RTT based on UE Rx-Tx option 3 and gNB Rx-Tx option 3 can be represented as:[image: ]

The TA autonomous adjustment issue can be resolved by the two alternatives:
1) only jointly use the quantities measured by PRS subframe and quantities measured by SRS subframe within a time duration to figure out the RTT, e.g. within 160ms the TA autonomous adjustment would be small so that the impact on location accuracy is marginal.
TA adjustment can be considered to be reported, alternatively.

	Intel
	In our understanding the issue is not only in autonomous TA adjustment at the UE but also in DL timing adjustment at the UE. We think that DL timing adjustment is the main problem for Option 1/3 UE Rx-Tx time difference.

	Panasonic
	The supposed problem is that the TA is not constant between RTT measurements. To us, this does not affect the determination of RTT, since each measurement is done independently from the other. For Option 3, UE sends its TA-report to gNB/LMF for each UE RTTD measurement and thus the autonomous adjustment of the TA is implicitly accounted for.

	SONY
	For option 2 of the UE measurement, there is no issue as the UE just reports the absolute time between PRS reception and SRS transmission.

	ZTE
	We think UE can derive the timing drift due to autonomous TA adjustment, and then adjust the UE Rx-Tx time difference using the derived value, and finally report the adjusted UE Rx-Tx time difference. The timing of UE Rx-Tx time difference and gNB Rx-Tx time difference measurement can be matched.

	Vivo 
	The combinations of {gNB Rx-Tx time difference, UE Rx-Tx time difference} definitions can be:
· {Option 1 of gNB Rx-Tx time difference, option 1 of UE Rx-Tx time difference},
· {Option 4 of gNB Rx-Tx time difference, option 2 of UE Rx-Tx time difference},
· {Option 3 of gNB Rx-Tx time difference, option 3-1 of UE Rx-Tx time difference}.

To mitigate the time error, in our view, report of UE specific TA offset for each measurement and reduce the time window for SRS transmission relative to one PRS transmission are needed in NTN.



2nd round

Proposal 3-2
Based on the first round discussion, the following 2nd proposal is made:
Proposal 3-2
For RTT determination in NTN, study further the accuracy, and reporting details of :
· The following combinations of the 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 (Rel-17).
· Alt-2: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215 (Rel-17).
· Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4
· The UE Rx – Tx time difference based on Option 4 (directly derived from timing advance TTA )

Topic#4 The reference point 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 previous RAN1 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




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

	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 1: Option 3 is adopted, i.e. the reference point for definition of gNB Rx-Tx time difference measurement is on the gNB.


	THALES
	Proposal 6:
For FR1, the reference point for TgNB-RX  and TgNB-TX used for the gNB Rx – Tx time difference measurement in NTN shall be:
For TgNB-RX :
· for SAN type 1-O: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna)
· for SAN type1-H: the Rx Transceiver Array Boundary connector.
For TgNB-TX:
· for SAN type 1-O: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
· for SAN type 1-H: the Tx Transceiver Array Boundary connector


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


	OPPO
	Proposal 2: gNB Rx-Tx time is resuing R17 definition without change, the reference point should be on the gNB side. 


	CATT
	Proposal 1: Support the satellite as the reference point for gNB Rx-Tx time difference measurement in NTN.


	PANASONIC
	Proposal 4: In NTN, consider the UL-synchronization point for the position of the reference point for the definition of gNB Rx – Tx time difference measurement.


	xiaomi
	Proposal 2: The position of the reference point for definition of gNB Rx – Tx time difference measurement is on the gNB.


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


	Lenovo
	Proposal 4: In NTN, the satellite node may be considered for the position of the reference point for definition of gNB Rx – Tx time difference measurement.



	ZTE
	Proposal 5: In NTN, the position of the reference point for definition of gNB Rx – Tx time difference measurement should be on the gNB. If the reference point for definition of gNB Rx – Tx time difference measurement can be set outside the node responsible for measurement, the UL time synchronization reference point can also be considered.


	MediaTek
	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.


	Ericsson
	Proposal 5	The reference point for the gNB RX TX time difference measurement shall be onboard the satellite.


	Apple
	Proposal 3: 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 5: For gNB RX-TX time difference measurement, the reference point is the UL synchronization reference point.


	NTT DOCOMO
	Proposal 6:
For the position of the reference point for definition of gNB Rx – Tx time difference measurement, support Option 3.
Option 3: on the gNB.


	LG Electronics
	Proposal #1: Support option 3 (on the gNB) for the reference point for defining gNB Rx–Tx time difference measurement. 


	Sharp
	Proposal 3: In NTN, for the position of the reference point for definition of gNB Rx – Tx time difference measurement is onboard the satellite.



1st round
Regarding the reference point for the gNB Rx – Tx time difference, companies preferences are listed within the following table:
	Companies
	Preferred option for reference point position
	Comments/observations

	Huawei, HiSilicon
	Option 3
	Option 1 only applies for the regenerative satellite, where gNB is implemented in the regenerative payload onboard to transmit and receive signals. As for transparent satellite, which only filters, amplifies and changes the frequency carrier of signals, actual gNB Rx-Tx time difference measurements still need to be measured by gNB on the ground. Option 2 proposes to employ the uplink time synchronization reference point for Rx-Tx time difference measurements. the uplink time synchronization reference point is a virtual point where DL and UL are frame aligned with an offset given by and cannot actually perform any measurements. If either Option 1 or Option 2 is used as the reference point for the definition of Rx-Tx time difference, the Rx-Tx time difference measurements still need to be derived from the measurements performed at gNB. This seems more complicated, which obviously will introduce unnecessary inconvenience. Therefore, Option 3, which can cover Option 1 in the scenario of regenerative satellite and applies for the scenario of transparent satellites, is preferable. As UE location calculated is based on RTT between satellite and UE, we can define that the reference point for RTT calculation for UE location verification is onboard the satellite.


	THALES
	Option 1
	In essence, all the three options can work. However, as the satellite should be used as anchor point for positioning, having the satellite the reference point on the satellite would avoid transmitting more assistance information to the LMF such kmac


	vivo
	Option 2
	In TN, the reference point is on the gNB where uplink and downlink timing are aligned. In NTN, the uplink time synchronization reference point may be not in gNB. Therefore option 2 is a bit preferred. With option 2, the final distance between satellite and UE can be derived by RTT and the common TA offset which should be reported to LMF as well.


	OPPO
	Option 3
	gNB Rx-Tx time is resuing R17 definition without change, the reference point should be on the gNB side


	CATT
	Option 1
	The gNB Rx-Tx time difference measurement is defined as the Transmission and Reception Point (TRP) Rx-Tx time difference measurement. The antenna of TRP should be treated as the reference point, such as described in TS 38.215 clause 5.2.3. 
The TPR is the real point to participate the positioning measurements in terrestrial network. Compared with the terrestrial network, the satellite plays the role as TRP in NTN to implement the time difference measuring. In order to reuse the legacy of RAT-dependent position solutions, it is better to treat the satellite as the reference point for gNB Rx-Tx time difference measurement


	PANASONIC
	Option 2
	From our point of view, technically all options of the reference point allow to determine the gNB Rx-Tx Time Difference and ultimately the RTT.

In Option 3, kmac is subtracted together with the Common-TA from the RTT between UE and gNB when calculate RTT between UE and satellite is calculated. Hence, LMF has no need to be informed about kmac. 

In our view, the verification procedure should follow the overall design principle of the UL/DL timing relationship which is centered around the UL synchronization point.


	xiaomi
	Option 3
	The desired reporting information from the gNB/UE to the CN may be different depending on the position of the reference point. For option 1, the UE Rx-Tx time difference measurement and gNB Rx – Tx time difference measurement are enough for the CN to calculate the UE’s position, while for the option 2, the common TA related information may also be needed beside the UE Rx-Tx time difference measurement and gNB Rx – Tx time difference measurement to calculate the UE’s position. For option 3, the common TA related information and the Kmac may also be needed beside the UE Rx-Tx time difference measurement and gNB Rx – Tx time difference measurement to calculate the UE’s position. In our understanding, the actual gNB Rx-Tx time difference measurement is done on the gNB. It is preferred to align the reference point and the actual measurement point.


	ETRI
	Option 1 or Option 3
	In Option 1, the reference point for measuring gNB Rx-Tx time difference is located on-board the satellite. This means that the satellite itself is responsible for measuring the time difference between the reception and transmission of signals from and to the gNB. In Option 2, the reference point is the point where the gNB receives the timing information from the UE to synchronize its own timing. This option would align with the current TN definition and would allow for consistent measurement of gNB Rx-Tx time difference. In Option 3, the gNB is responsible for measuring the time difference between the reception and transmission of signals from and to the satellite. RAN1 needs further discussion with and after the discussion of the definition of gNB Rx-Tx time difference. Based on which information is reported to LMF, each option can be considered to use. Option 3 can be a starting point similar to the case of TN, but Option 1 can be straightforward for positioning from a given satellite.

	Lenovo
	Option 1
	Option 1 and option 3 may be considered, where option 1 may be more feasible. 

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.

Option 1 may be preferred, as it depicts the true gNB Rx-Tx Time difference that is needed for multi-RTT calculation in NTN


	ZTE
	Option 3
	The gNB Rx-Tx time difference measurement should be performed by gNB just similar as in TN. If the measurement is to be performed onboard the satellite, additional signaling between satellite and gNB could be needed for exchanging the assistance data for measurement and measurement result, which may lead to additional requirement on the satellite in transparent payload. Hence, the RP for definition of gNB Rx – Tx time difference measurement can be set on the gNB. If it is allowed to set the RP outside the node who is responsible for measurement, the UL time synchronization RP can also be considered for RP definition of gNB Rx – Tx time difference measurement, since the impact of Kmac can be avoided.


	MediaTek
	Option 1
	The triangulation for the UE location verification consists of finding the intersection of circles comprising the UE and the satellite at different time instances. It seems natural that the reference point is at the satellite.  If the reference point for the network-based UE location verification is at the satellite, the common TA can be signalled to the LMF to simplify the triangulation for the UE location verification. The UE may then determine the UE RX-TX time difference directly from the TA after subtracting the common TA term. 

	Ericsson
	Option 1
	The reference point for the gNB RX-TX time difference measurement is the physical point (i.e., TRP) where the measurement can be performed.
The reference points for the gNB RX-TX time difference measurement and the uplink time synchronization will possibly be different.
With Option 1, the uplink/downlink frame timing will be misaligned at the gNB RX-TX reference point (i.e., satellite) by an additional amount given by the common TA.
With Option 3, the uplink/downlink frame timing will be misaligned at the gNB RX-TX reference point (i.e., gNB) by an additional amount given by the RTT between the uplink time synchronization reference point and the gNB (which may not necessarily equal ).

The reference point for the gNB RX TX time difference measurement shall be on-board the satellite.


	Apple
	Option 2
	in NTN, if the positioning reference point is set at the uplink time synchronization reference point, then the value range of gNB Rx-Tx time difference is like that in TN. This has the least specification impact. 

If the positioning reference point is set at satellite, then gNB Rx-Tx time difference actually includes the common TA (or the RTT between satellite and uplink time synchronization reference point). This common TA will be removed in LMF’s calculation, based on additional common TA report from gNB. 

If the positioning reference point is set at gNB, then gNB Rx-Tx time difference actually includes K_mac (or the RTT between gNB and uplink time synchronization reference point). This K_mac will be removed in LMF calculation, based on additional K_mac report from gNB. 

Overall, for less specification impact and lower signalling 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
	Option 2
	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. 


	NTT DOCOMO
	Option 3
	Regarding current NTN assumption, there’s no clear procedure/method to achieve measurement of gNB Rx-Tx time difference with its reference point on the satellite or uplink synchronization reference point. Keeping current definition of reference point of gNB Rx-Tx time difference measurement is preferred


	LG Electronics
	Option 3
	It is obvious that RTT calculation depends on the above three options. In our view, legacy definition of reference point for definition of gNB Rx–Tx time difference measurement can be reused since the measurement is taken at the gNB at least for transparent payload. So, option 3 (on the gNB) is preferred. 


	Sharp
	Option 1
	For UE location verification, RTT between the UE and the satellite has to be used. That means at least LMF needs to identify the RTT between the UE and the satellite. 
For Option 1, the gNB time difference measurement result reported from the gNB to LMF directly corresponds to the RTT between the UE and the satellite. As such, the LMF can use the reported measurement results as it. 
For Options 2 and 3, the gNB time difference measurement result reported from the gNB to LMF is not sufficient for the LMF to identify the RTT between the UE and the satellite. Other report from the gNB is necessary for the LMF to compensate the time difference between the satellite and the reference point. For simplicity, we prefer Option 1.





Proposal 4-1
Several contributions have discussed Topic#4. As captured in the above table, the companies share different views on the WF for the reference point of gNB Rx – Tx time difference measurements.
In Moderator’s view, we need to distinguish between three different points:
i. The “physical” reference point for gNB Rx – Tx time difference measurement: This should be defined by RAN4.
ii. The reference point for gNB Rx – Tx time difference calculation measurement:  this is the reference point used to determine/calculate the RTT as UE Rx-Tx" + "gNB Rx-Tx". Because, the UE Rx-Tx is in essence the receive-transmit timing with regard to the uplink time sync point, it is preferable that the point used for gNB Rx – Tx time difference calculation is the uplink time synchronization reference point. 
iii. Another point of interest is the position of TRP used for positioning: This should be considered mainly for the signalling design of Multi-RTT in NTN. This point should be onboard the satellite. For TN, the following definitions are given for the TRP [TS 38.305]: 
· Transmission Point (TP): A set of geographically co-located transmit antennas (e.g. antenna array (with one or more antenna elements)) for one cell, part of one cell or one DL-PRS-only TP. Transmission Points can include base station (ng-eNB or gNB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a DL-PRS-only TP, etc. One cell can include one or multiple transmission points. For a homogeneous deployment, each transmission point may correspond to one cell.
· Transmission-Reception Point (TRP): A set of geographically co-located antennas (e.g. antenna array (with one or more antenna elements)) supporting TP and/or RP functionality.
· Reception Point (RP): A set of geographically co-located receive antennas (e.g. antenna array (with one or more antenna elements)) for one cell, part of one cell or one UL-SRS-only RP. Reception Points can include base station (ng-eNB or gNB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a UL-SRS-only RP, etc. One cell can include one or multiple reception points. For a homogeneous deployment, each reception point may correspond to one cell.

Base on the above, the following three proposals are made:

Proposal 4-1:
In NTN, the reference point of the gNB Rx – Tx time difference reported to the LMF is the uplink time synchronization reference point
Note 1: The actual receive-transmit time difference measurement at the gNB could be different from the uplink time synchronization reference point
Note 2: The reference points for timing related measurements in NTN are to be defined by RAN4


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

	MediaTek
	Support

	Qualcomm
	Support. Notes are not needed. In legacy system, gNB measures the time difference in digital domain and then remove the impacts of circuitry delay up to the antenna connector. 

	Ericsson
	Our understanding is that 4-1 means that the gNB will adjust the measurement performed at TRP onboard the satellite by adding Common TA to every measurement before reporting it to the LMF. This seems OK but a potential disadvantage is that this may increase the reporting range of gNB RX-TX time difference measurement. Another possibility is that common TA is provided to LMF separately e.g., by OAM, and the LMF can add it to the gNB RX-TX time difference measurement. Also, we suggest revising Note 1 to:
Note 1: The actual reference point for performing receive-transmit time difference measurement at the gNB could be different from the uplink time synchronization reference point.





	Nokia, Nokia Shanghai Bell
	Do not support. As mentioned in our contribution it is important that the measurements are being based on something tangible. That is, a point in the system which is having a well-defined measurement point. With the suggested definition the measurement point will not be well-defined, and it will instead be something that is offset from the potential measurement point, where we would on top of the actual measurement need to convey to the LMF for further processing. 

	Lenovo
	Do not support. Most of the companies support Option 3 or option 1 (seven each), we do not understand that why we are excluding option 1 and 3 from the discussion.

	Apple
	Support

	Samsung
	Support

	Huawei, HiSilicon
	Do not support.
So we are discussing the “The reference point for gNB Rx – Tx time difference calculation”. Therefore, option 2 and option 3 can both work. However, it seems more companies supporting option 3, i.e. gNB Rx-Tx time difference definition reference is on gNB.

	Xiaomi
	Do not support, we also prefer to have the reference point on the gNB.

	NTT DOCOMO
	We do not understand that why we are excluding option 1 and 3 from the discussion. 

	Panasonic
	Support

	SONY
	Do not support. We (and it seems like we share the view of most companies, based on the Fl summary) would prefer a tangible reference point, preferably the satellite.

	ZTE
	Support. gNB is able to derive the propagation delay between gNB and UL time sync RP. Therefore, the RP for gNB Rx-Tx time difference report to LMF can be UL time sync RP even if the measurement is performed by gNB.

	Vivo 
	Support. Deriving the gNB Rx-Tx time difference based on a reference point with UL and DL timing aligned is preferred since this is more aligned with TN.



Proposal 4-2
Based on the above, the following proposal is made:

Proposal 4-2:
Send LS to RAN4 on the definition of the reference points for timing related measurements in NTN

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

	MediaTek
	We think it is too early to send LS to RAN4, more discussions and agreements  needed in RAN1 

	Ericsson
	If RAN1 agrees to assume that actual measurement is performed on the TRP (satellite), then we can send an LS to RAN4 to come up with more detailed definitions as needed.

	Nokia, Nokia Shanghai Bell
	Sending an LS to RAN4 may be the solution, but we should be aware that RAN4 would need time to prepare a response, and given the short time left for Rel-18 work, we have doubts that we will receive a useful response in time.

	Lenovo
	Fine to send a LS for clarification

	Samsung
	Considering the limited time we have, we don’t think it is necessary to send an LS to RAN4 for this matter.

	Huawei, HiSilicon
	We didn’t get the point/motivation to send this definition to RAN4. Maybe no need to send LS and they can check RAN1 agreements if needed.

	Xiaomi
	We don’t see the value to send the LS now.

	NTT DOCOMO
	No need to send LS to RAN4 at current stage. 

	Panasonic
	OK for us.

	SONY
	We are OK sending an LS, but we need to decide on proposal 4-1 first.

	ZTE
	RAN1 may first discuss on proposal 4-1 before sending LS.

	Vivo 
	This depends on the discussions on P4-1.



Proposal 4-3
Based on the above, the following proposal is made:

Proposal 4-3:
In NTN, the Transmission-Reception Point is located onboard the satellite

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

	MediaTek
	Support

	Qualcomm
	Not sure what’s the motivation of the above proposal.

	Ericsson
	Support. The motivation is that the measurement is made onboard the NTN payload. 

	Nokia, Nokia Shanghai Bell
	Considering that for Rel-17 the satellite is considered as being transparent, we are in doubt how the actual measurement would be performed at the satellite? Is it envisioned that satellite vendors would be implementing additional features on top of the transparent architecture such that timing difference measurements can be performed here? Would such measurement functionality need additional specification? Our understanding for the transparent architecture is that there would be no significant modifications or processing needed at the satellite for this case.

	Lenovo
	Fine to send a LS for clarification

	Apple
	For transparent payload, satellite does not perform the measurement. Not sure about the motivation of this proposal. 

	Samsung
	The proposal needs more clarification. We assume by this proposal we are defining TRP in NTN only for network verified UE location.  So we suggest amend as follows:
In NTN, for network verified UE location the Transmission-Reception Point is located onboard the satellite

	Huawei, HiSilicon
	There is no need for this agreement. What LMF needs is the information used to figure out the RTT, which is between UE and satellite. But we don’t need to agree the proposal 4-3.

	Xiaomi
	Share the view that it is impossible to have measurement assuming transparent payload. 

	NTT DOCOMO
	The relationship between determination of TRP and reference point should be clarified. We also have concern on whether a transparent satellite can be regarded as a TRP. 

	Panasonic
	It is unclear to us what that means. Moderator mentions above the “signalling design of Multi-RTT in NTN”. Does this really mean that the common TA is subtracted from the total RTT prior to running the positioning algorithm so that the RTT between only UE and Satellite is used?

	SONY
	Not sure about motivation of proposal. Even if the satellite is transparent, the gNB knows where the satellite is and should be able to work out when signals arrived at / were transmitted by the satellite.

	ZTE
	Not clear what is the spec impact.

	Vivo 
	Share majority view that this proposal seems not needed.




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

The issue on the granularity and the reporting range of Rx-Tx time difference measurements in NTN was discussed in 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

	THALES
	Observation 2.	The same reporting granularity of UE Rx-Tx time difference as defined for TN  can be also used for the network verified UE location based on Multi-RTT method as the maximum additional error on RTT measurement would be equal to 16ns. 
Observation 3.	The same reporting granularity of gNB Rx-Tx time difference as defined for TN  can be also used for the network verified UE location based on Multi-RTT method as the additional error on RTT measurement would be equal to 16ns. 

Proposal 3: 
For multi-RTT-based positioning in NTN, the reporting range for the absolute UE Rx-Tx time difference measurement is from -531886051 to +531886051.
· Note: The same reporting granularities of UE Rx-Tx time difference as defined in clause 10.1.25 of  TS 38.133 are reused in NTN.
Proposal 5: 
For multi-RTT-based positioning in NTN, the reporting range for the gNB Rx-Tx time difference measurement is from -531886051 to +531886051.
Note: The same reporting granularities of gNB Rx-Tx time difference as defined in clause 13.7 of  TS 38.133 are reused in NTN.


	Nokia, Nokia Shanghai Bell
	Observation 2: In NTN, the current UE Rx-Tx time difference reporting range is insufficient to resolve multiple possibilities of UL slot offset.


	vivo
	Observations 1:
· For supporting Multi-RTT method in NTN, the maximum RTT of NTN determines the range of UE Rx-Tx time difference.


	CATT
	Proposal 3: For Rx-Tx time difference measurement, NTN specific signaling for 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


	ZTE
	Proposal 8: TA report with higher granularity can be investigated to improve the location verification performance.


	Apple
	Proposal 2: For network verifying UE location with the definition of UE Rx-Tx time difference following Option 1, the reported UE Rx-Tx time difference 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.




1st round
proposal 5
Based on the above discussion, the following FL Recommendation is made: 

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

	MediaTek
	Support

	Ericsson
	Support

	Nokia, Nokia Shanghai Bell
	Agree/support

	Lenovo
	Support

	Apple
	Fine

	Samsung
	Support 

	Xiaomi
	Support

	NTT DOCOMO
	Support

	Panasonic
	Support

	SONY
	Agree that we define this later

	ZTE
	Support

	Vivo 
	Agree.




Topic#6 Solving the mirror position ambiguity
Background
For UE location verification in case of single satellite, multi-RTT method cannot distinguish between the mirror positions on either side of the orbital plane and other input(s) is (are) required to resolve this ambiguity.
The following note is captured within the revised WID [RP-230809]: Note 6 : The enhancements should take into account the mirror-image ambiguity.
RAN1#112 made the following agreement:

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





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

	Companies
	Proposals

	Huawei, HiSilicon
	Observation 5: Relying on Options 2, 5 and 6 to report additional measurements cannot resolve the mirror position issue. 
Observation 6: Since Doppler is the same for UEs located symmetrically about satellite’s orbital plane, reporting calculated Doppler from UE as proposed by Option 3 cannot resolve the mirror position issue. 
Observation 7: To resolve the mirror position issue, Option 4 only works for a VSAT UE and is not viable for other UE types lacking beam pointing. 

Proposal 5: The issue of mirror position can be resolved at least via using beamforming by gNB’s implementation as proposed in Option 1, 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. 


	THALES
	Observation 6.	Different techniques for angle-based positioning can be used to estimate UE location depending on satellite antenna architecture and whether digital. analog or hybrid beamforming are used.
Observation 7.	The result of the UL-AoA based positioning is a point on Earth. with a certain angular accuracy. Different defects may affect the angle estimation such as satellite beam pointing error. phase noise and defects due to all transformations (or operations) applied on the signals. from AE on board to the receiving base station on the ground.
Observation 8.	The main advantage of UL-AoA positioning method is the low latency and its applicability for the GEO based NTN deployment

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 


	Nokia, Nokia Shanghai Bell
	Observation 3: Neighbor cells measurements can solve the mirror-point ambiguity.
Proposal 4: RAN1 to ask RAN3/RAN2 for guidance on which entity configures the measurements needed for resolving the mirror point ambiguity. 
Proposal 5: RAN1 to study how to reduce the signalling overhead for the reporting of neigbor signal level relationships.


	vivo
	Proposal 8:
Mirror position ambiguity issue in NTN UE location verification can be solved by gNB implementation, and no spec. impact is expected.


	OPPO
	Observation 6: the mirror-image ambiguity can be resolved if the LMF verifies both actual and mirror positions with the UE reported location. This can be left for LMF implementation without RAN1 enhancement. 
Observation 7: Relying UL-AOA to resolve the ambiguity issue depends on whether there exists the link for the satellite to report the measurement results to gNB.
Observation 8: Relying on UE reporting RSRP of received CSI-RS beams to make LMF able to clear the ambiguity is already supported by ECID method. 

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

	Intel
	Observation 1: 
· It is not possible to avoid mirror image ambiguity using only timing-based solutions with one satellite
Proposal 3: 
· 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.


	Samsung
	Observation 4:  By proper cell footprint and antenna pattern the effect of mirror positions ambiguity for Multi-RTT positioning may be minimized, and the 10 km requirement for location estimation error specified by WID can be satisfied.

Proposal 5: 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. 


	ETRI
	Proposal 5. Support gNB or LMF implementation to solve the mirror error issue with some spec impact.
Proposal 8. In order to avoid mirror-image ambiguity, RAN1 considers multi-RTT measurement reporting with pre-configured locations.


	Lenovo
	Observation 4: The mirror ambiguity would result in two positioning estimates of the target UE.
Observation 5: Knowledge of positioning beam identity or uplink angle of arrival may be sufficient to resolve mirror ambiguity.

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.


	ZTE
	Proposal 12: Mirror image ambiguity when single satellite is in view can be solved through implementation based on cell coverage. NR E-CID may be reused without enhancement to determine which beam or cell the UE locates in.


	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. 


	Ericsson
	Observation 8	UL-AoA measurement can be performed at the satellite antenna with a transparent NTN payload.

Proposal 6	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.


	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.  


	TCL Communication
	Proposal 2: Investigate how to resolve the mirror image ambiguity for UE within a beam underneath a satellite’s path plane for time-based measurement positioning methods.
Proposal 3: RAN1 synchornize the progress on the issues related to resolving the mirror image ambiguity and addressing the measurements error for time-based positioning methods.


	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.


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



	Sharp
	Observation 1: UL-AoA may not be available at every single satellite.
Observation 2: The existing NR ECID method supports UE measurements including SS-RSRP, SS-RSRQ, CSI-RSRP and CSI-RSRQ, which can be used to resolve the mirror position ambiguity at the LMF.
Proposal 4: 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.




1st round
Proposal 6
Different solutions based on related RAN1#112 agreement were discussed in companies contributions to resolve the issue on mirror points ambiguity. 
Companies are encouraged to read each other proposals/observations captured in the above Table.
From Moderator’s perspective, the intention is not to define a one-fit-all solution to resolve the issue on mirror points ambiguity, rather than considering different solutions that can be used separately depending on the network deployment/ system design etc.

Proposal 6 
The following solutions are with higher priority for further discussion on 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 radial velocity between the UE and the satellite 
· 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 


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

	OPPO
	We disagree with this proposal. 

	MediaTek
	We have preference for re-using ECID method. We are open to other solutions.

	Qualcomm
	Not sure about the second and third subbullets.

	Ericsson
	Support. We prefer UL-AoA and are also open to ECID. We prefer to remove second and third bullets.

	Nokia, Nokia Shanghai Bell
	For item 1: Supportive
For item 2: “Radial velocity” is a somewhat new term in this connection. According to our understanding it would represent the observed speed vector of the satellite seen from the UE side, and as with any measurement that is fully controlled by the UE, it can still be faked.
For item 3: Similar as for point 2. And on top of this, angle based solutions will have lower accuracy with distance (and one critical aspect for the mirror point is when we are close to the orbital line).
For item 4: It is unclear how Rel-17 based satellites with transparent architecture will be able to perform UL-AoA measurements. Is the intention to define new interfaces and processing for the satellite?

	Lenovo
	We disagree with the proposal for number of reasons:
First, the proposal should aim at first identifying the solutions to resolve the mirror ambiguity. We are not sure, how the ECID would resolve the mirror ambiguity. Do we need to study E-CID in addition to multi-RTT. We are not clear that what additional information may be available in E-CID (that is not available in multi-RTT) for the purpose of resolving mirror ambiguity.
Secondly, most of the companies preferred option 1, but somehow it is not part of proposal.
Thirdly, we are not sure that AoA angular resolution is sufficient to resolve the mirror ambiguity. This needs further clarity/study.


	Apple
	We do not think so many solutions are needed. In our view, only Option 1 in earlier agreement is needed. 

	Samsung
	We do not support this.  We still think it should be left to implementation.  Among all above solutions only the third one, i.e. the solution specific to VSAT UE is viable. 

	Huawei, HiSilicon
	1) We don’t need to support so many solutions by specification to resolve mirror position issue;
2) Based on our collection of companies input, majority seems prefer implementation based method. 
3) For the reuse existing ECID method, it is better to firstly clarify what kinds of potential enhancement is needed.

	Xiaomi
	We are open to discuss the first solution. 

	Intel
	We are fine to downselect the first and last subbullet (ECID and UL-TDOA with potential enhancements).

	NTT DOCOMO
	Do not support. Option1 is enough to solve the issue. Reusing ECID may not be applicable as RSRP information couldn’t be used to distinguish mirror image and TA information cannot be trusted. The UE GNSS information should be used to derive radial velocity to the satellite. UL AoA may not be applicable with transparent satellite. 

	Panasonic
	In principle, we are fine. But we have a concern that Rel-17 UL-AoA measurements can be supported by a transparent satellite, which is the basis for the work in RAN1. We’d like to add an FFS to the last bullet.

Proposal 6 
The following solutions are with higher priority for further discussion on 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 radial velocity between the UE and the satellite 
· 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 
· FFS: Whether Rel-17 UL-AoA is feasible with a transparent payload


	ZTE
	We think the mirror issue should be addressed by implementation without enhancement. For example, reusing existing ECID method without enhancement.
We are open to forth bullet if it is implemented without enhancement.
For second bullet, the radial velocity between UE and satellite depends on the UE GNSS position. This parameter is not used for positioning previously and it is not a physical layer parameter used in cellular communication. Hence not sure whether it can be newly introduced for verification.
The third bullet only works for VSAT UE, which is not a common method and can be excluded.

	Vivo 
	Share the majority view that this can be resolved based on implementation.



Topic#7 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#7, the companies made the following observations and proposals:

	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 6: 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. 


	THALES
	Proposal 8: 
For multi-RTT based positioning in NTN, if the reference point for definition of gNB Rx – Tx time difference measurement is onboard the satellite, the UE should include the calculated  to the measurement results that need be transferred from UE to the LMF, 

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, if the reference point for definition of gNB Rx – Tx time difference measurement is onboard the satellite, the following assistance data may be transferred from gNB to the LMF:
1. The value of the value of  𝑘mac used by gNB 
1. The value of TACommon when the gNB Rx – Tx time difference measurement is performed

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.

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


	PANASONIC
	Proposal 6: Send LS to RAN2/RAN3 on the potential impact on LPP/NRPPs procedures.


	xiaomi
	Proposal 1: The satellite ephemeris related information and satellite IDs need to be delivered to the CN.
Proposal 3: The common TA related information and the Kmac applied need to be delivered to the CN.


	ETRI
	Proposal 4. RAN1 further discusses which information is needed to transfer from gNB/UE to LMF.


	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 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.


	ZTE
	Observation 1: Kmac will have no impact on the calculation of service link RTT, which is finally applied for positioning. Enhancement on gNB to cover the Kmac is not needed.
Proposal 9: Ephemeris transfer to CN from gNB or UE should be supported for location verification. 
Proposal 10: Common TA parameters transfer to CN from gNB or UE should be supported for location verification. 
Proposal 11: TA report to CN from gNB should be supported for location verification. 


	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 timing of SRS reception. 


	Qualcomm
	
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.

	NTT DOCOMO
	Proposal 3: 
For network verification of UE location in NR NTN based on multi-RTT framework, report additional information to LMF, including at least satellite ephemeris.
Proposal 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 to LMF, e.g., the timing information of satellite transmitting the reference signal. 




1st round
Proposal 7-1:
Different necessary assistance information to be transferred from/to the UE/gNB to/from LMF has been proposed by different companies. 
From Moderator’s perspective, 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. Other assistance data such as , Kmac might be needed, but this can be left FFS for now. Waiting for a clearer design.

Based on the above the following proposal is made:

Proposal 7-1
For multi-RTT based positioning in NTN, the necessary NTN specific assistance information that needs to be added to the measurement results transferred to the LMF may include one or more of the following:
1. Option 1: Satellite position
1. Option 2: 
1. Option 3: The value of  𝑘mac

Note 1: Whether this assistance information is provided by UE or gNB or both will be further discussed in RAN1
Note 2: Other assistance information is not precluded

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

	MediaTek
	Support. We think the notes are not necessary.

	Qualcomm
	Kmac is not meant to be a physical value. It’s up to gNB implementation. It typically does not equal to the delay between ULSRP and gNB.

	Ericsson
	Although we agree that ephemeris/common TA etc. should be provided to the LMF but the proposal is about this info to the “measurement results” reported by UE/gNB which is not necessary. For example, the satellite ephemeris can be provided to LMF by OAM and no signalling from UE/gNB will be needed. Therefore, we suggest revising the proposal as follows: 
1. “needs to be added to the measurement results transferred provided to the LMF”.
1. “Note 1: Whether this assistance information is provided by UE and/or gNB and/or another network entity (e.g., OAM) both will be further discussed in RAN1

We also agree with Qualcomm as Kmac can be configured to be greater than the actual delay between gNB and time sync reference point. 

	Nokia, Nokia Shanghai Bell
	Option 1: For this option we are assuming that the “NTN specific assistance information” is related to information that is provided either from UE as part of measurements or from the gNB as part of its measurements. If this is the case, we are not sure this is needed – it may instead be provided by the satellite control function. If the NG-RAN is to provide such information, the NG-RAN may need functions to do interpolation of the satellite ephemeris to map it into the exact timing where the measurements have been performed. Potentially the NG-RAN timing could be reported such that LMF can detect the actual satellite position.
Option 2: Support
Option 3: We do not support reporting of kmac – we have not seen any justification of why this is needed to be reported.

	Lenovo
	In our point of view, it is too early to discuss the information exchange, as it would depend on the time difference definitions and reference point location. We suggest postponing this discussion, until we have finalized the definitions.

	Apple
	Satellite position could be provided via satellite ephemeris information and the satellite timing of transmitting PRS and receiving SRS. We need to add this detailed information towards Option 1. Otherwise, it is misleading that only exact (X,Y,Z) location of satellite is provided. 

In our view, Kmac is not needed, if the positioning reference point is at UL time synchronization reference point. 

	Samsung
	Support.  However Note 1 should be removed as it does not make sense. 

	Huawei, HiSilicon
	We are fine in general with some updates on option1:
1. Option 1: Satellite position or ephemeris information
And add option 4：
Option 4: Feeder link latency

	Xiaomi
	Fine to discuss but the information needed is highly dependent on the solutions

	Intel
	We prefer to delete Note 1. In our view it is more related to RAN3 discussion (also, OAM is considered in RAN3 as an option).

Also, we are not sure if Kmac is required, or it should be replace by other parameter which has finer granularity other than slot.

	NTT DOCOMO
	The reported assistance information may be affected by the reference point of gNB side measurement and the definition of UE/gNB Rx-Tx time difference. Agree with Lenovo to postpone this discussion.

	Panasonic
	We are fine to discuss this further once the other proposals are stable.

	SONY
	Agree with comment from Ericsson.

We are also not sure why Kmac needs to be reported.

	ZTE
	Basically support except option 3. The impact of kmac can be handled by gNB before report gNB Rx-Tx time difference. Moreover, for option 1, “satellite” ephemeris is preferred to be transferred instead of “satellite position”. Since LMF may use ephemeris to derive the satellite position at other time instances.

	Vivo 
	Fine and the report can be associated to each gNB/UE Rx-Tx time difference. In addition, UE specific TA offset should be reported with UE Rx-Tx time difference as well.



Proposal 7-2:
Different necessary assistance information to be transferred from/to the UE/gNB to/from LMF has been proposed by different companies. 
From Moderator’s perspective, 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. Other assistance data such as , Kmac might be needed, but this can be left FFS for now. Waiting for a clearer design.

Based on the above the following proposal is made:

Proposal 7-2
The assistance information to be transferred from the LMF to NG-RAN for Multi-RTT positioning with single satellite may include one or more of the following:
· Option 1: Satellite positions at which the PRS should be measured
· Option 2: Satellite positions at which the aperiodic SRS should be activated
· Option 3: a Timestamp at which the PRS should be measured
· A specific time stamp (e.g. that can include the Hyper-FN, the SFN and the slot number for a subcarrier spacing) may need to be defined for NTN
· Option 4: a Timestamp at which the aperiodic SRS should be activated
· A specific time stamp (e.g. that can include the Hyper-FN , the SFN and the slot number for a subcarrier spacing) may need to be defined for NTN
· Option 5: The measurement window and the minimal number of measurements to be reported

Note: Other assistance information is not precluded


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

	MediaTek
	On Option 1. It is sufficient to mention “satellite position”. The UE Rx-Tx time difference can be based on PRS measurements, or directly derived from TTA 
Same comment for Option 3, it is sufficient to mention “Timestamp”.
Option 5 can be revised “ The measurement window and the minimum number of measurements based on PRS or directly derived from TTA to be reported”

	Qualcomm
	Prefer to discuss the above issue after we understand if and  how to support corrdinated measurement and report between gNB and UE.

	Ericsson
	We think it is pre-mature to spend time on this before sufficient progress on UE RX-TX measurement design. Here are our initial views:

Option 1, 2: Not sure why this is needed as the LMF can specify the time instant when the measurement is to be activated or performed. The network already knows the ephemeris and can simply configure measurements for the gNB/UE at specific time instants rather than providing position information.

Option 3, 4: We are open to this option if existing specification. It will be helpful to point out the specific changes relative to the timestamps supported in existing specification.

Option 5: Why is a measurement window needed if the LMF can activate/deactivate measurement session as per existing specification?

	Nokia, Nokia Shanghai Bell
	We have a slight preference for timestamp based methods (Options 3 & 4), which will remove the need for the gNB to do exact mapping between satellite position and the measurement configurations). On the other hand, it may be difficult/complex to let the LMF define all the NG-RAN specific actions (exact timing of transmission of PRS/SRS).

	Lenovo
	Same comments as for previous proposal. In our point of view, it is too early to discuss the information exchange, as it would depend on the time difference definitions and reference point location. We suggest postponing this discussion, until we have finalized the definitions.

	Apple
	We think it is pre-mature to discuss it. 

	Samsung
	We are open to discuss the options.

	Huawei, HiSilicon
	We think it is pre-mature to discuss it and we should get progress on Topic#1,2,3 first.

	Intel
	Ok to discuss later

	Panasonic
	We are fine to discuss this further once the other proposals are stable.

	ZTE
	For option 1 and 2, UE will be indicated with PRS and SRS time-frequency resources from LMF and gNB respectively. UE can derive the satellite position using the time of PRS/SRS and the satellite ephemeris. No need to additional indication.
For option 3 and 4, support to indicated using paired form, i.e., timestamp_pair = {timestamp_PRS, timestamp_SRS}, which illustrates which PRS and SRS are used correspondingly to perform UE Rx-Tx time difference and gNB Rx-Tx time difference measurements.
For option 5, LMF can trigger a measurement each time when satellite passes a selected vTRP. Hence, legacy measurement procedure is enough and no need to indicate measurement window or number of measurements.

	Vivo 
	Fine to discuss this later.

	
	

	
	

	
	



Topic#8 Determining the triggering time of multi-RTT positioning method 
Background
The potential impact of the geometry on the accuracy of multi-RTT positioning method was discussed during the study phase.
The geometry of the receiver-transmitter is affecting position precision in any ranging system. How observation geometry relating the UE and positioning anchor points (TRP) affects the network verified UE location was discussed in different contributions. 
For example, for a UE located on the orbital plane it is clear from the following Figure if all RTT measurements are performed when the satellite is on left to plane v, the intersection of the three spheres will result  in very large/infinite position uncertainty areas.

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

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

	Companies
	Proposals

	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).

	vivo
	Observations 2:
All the TN triggering methods can be applied for supporting Multi-RTT method in NTN in principle but some updates are needed considering the single satellite based positioning requirements and the large RTT in NTN.

Proposal 5:
•	For supporting Multi-RTT method in NTN, RAN1 to discuss the necessary updates to each measurement report triggering methods in TN.

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

	PANASONIC
	Proposal 5: 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.

	ETRI
	Proposal 6. RAN1 considers 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.
Proposal 7. RAN1 considers multi-RTT measurement reporting with predicted satellite locations on the ephemeris.

	Lenovo
	Proposal 1: RAN1 to study low latency signalling enhancements to support Multi-RTT positioning with single satellite.
Proposal 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.  


	Apple
	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.

	Qualcomm
	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.



1st round

Proposal 8-1
Based on companies contributions and the discussions during the study phase on the impact of measurement geometry and RAN1#112 conclusion related to topic#8, the following initial proposal is made:

Proposal 8
Send LS to SA2 (Cc RAN2/RAN3) on the impact of the geometry relating the UE and the TRPs (satellites) which affects positioning accuracy for network verified UE location based on Multi-RTT. Specifically, request from SA2 to clarify about the verification procedure for UEs for which the network verified UE location might not be possible due to the geometry (e.g. UE that are located under/nearby the orbital plane of a satellite and have a single satellite in view)

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

	MediaTek
	We think RAN1/RAN2 could discuss first and make agreements on this issue, before LS is sent to SA2. The conclusion on this issue in RAN1#112 only mentions affects positioning accuracy for network verified UE location based on Multi-RTT, but not mention what solution would be necessary.

	Qualcomm
	We think the above is a RAN1 issue.

	Ericsson
	We are open to further discussion and think that if it is not physically possible to complete the verification under the latency requirements for certain UEs, it is fine to send an LS. 

Potential Typo: The title of this section is different from the proposal.

	Nokia, Nokia Shanghai Bell
	OK to send LS.

	Lenovo
	Agree with the proposal

	Apple
	Agree. 
Based on RAN1 study, it seems impossible to address the accuracy/latency issue for UE location verification if UE is located near the orbital plan of a satellite.

	Samsung
	We are okay with this proposal, as we think this issue cannot be solved at least in Rel-18.

	Huawei, HiSilicon
	We have already conclusion in last RAN1 meeting. We feel no need to send LS for the time being. 

	NTT DOCOMO
	OK

	Panasonic
	In principle, we are okay sending the LS. But the impact of the measurement geometry is well understood by RAN1. We would prefer to point SA2 directly to the problem that the gNB/LMF has no prior knowledge where UE is located relative to the orbital plane (chicken and egg problem).  

Updated Proposal 8
Send LS to SA2 (Cc RAN2/RAN3) on the impact of the geometry relating the UE and the TRPs (satellites) which affects positioning accuracy for network verified UE location based on Multi-RTT. Specifically, request from SA2 to clarify about the verification procedure for UEs for which the network verified UE location might not be possible due to the geometry (e.g. UE that are located under/nearby the orbital plane of a satellite and have a single satellite in view)

	ZTE
	We think the selection of TRPs or whether to verify certain UEs are LMF implementation issue. No need to discuss in RAN1 what solution should be adopted. Moreover, from SA perspective, CN will not distinguish UEs before knowing UE position. But before verification, CN will not know whether the reported UE position is the correct position. Therefore, there will be confliction.

	Vivo 
	Is the intention to ask RAN2 to propose any NTN specific updates to the existing report triggering mechanisms and the reporting quality supported for Multi-RTT poisoning in TN?
If the answer is yes, in our view, RAN1 discussions on this are needed as e.g. the candidate reporting intervals evaluated and the maximum reporting quality for UE location verification are clear in RAN1.
If the answer is no, these parts should be captured somewhere.

The necessity of LS to RAN2 depends on the discussions in RAN1.





Topic#9 Multiple satellite support for multi-RTT positioning in NTN
Background
As per the revised WID [RP-223534] and based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. 
Further it was noted in Note 4 in [RP-223534] : Multiple satellite in view by the UE may be considered if time allows.

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

	Companies
	Proposals

	Nokia, Nokia Shanghai Bell
	Observation 4: The benefit of using multiple satellites is that the required time for determining the UE position decreases significantly.

Proposal 6: RAN1 to discuss the need and way to specify NTN specific assistance information for UE location determination with multiple satellites.


	vivo
	Proposals 1:
•	Only specify Multi-RTT method for RAT dependent positioning in NTN assuming single satellite in view by UE in NR Rel-18.

	CATT
	Proposal 5: For multiple satellites case, the DL-TDOA is a better choice.

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

	Qualcomm
	Proposal 6: 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




1st round
Proposal 9
From Moderator’s perspective, support multiple satellites positioning for network verification of UE location is needed. Moreover, This would not need a significant additional specification effort.
Based on companies proposals and with the above observation in mind, the following proposal is made:

Proposal 9
Support network verification of UE location using multiple satellites with the following assumptions:
· UE is connected to one satellite 
· UE can detect PRS from multiple satellites
· The involved satellites are synchronized


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

	MediaTek
	The multiple satellite scenario can be discussed when more progress is made on single satellite  

	Qualcomm
	Support. It is a good starting point with limited scope for Rel-18.

	Ericsson
	This should be deprioritized until single satellite case has been sufficiently addressed. 

	Nokia, Nokia Shanghai Bell
	Agree/support

	Lenovo
	We are fine with the proposal and further suggest at least to finalize the positioning methods for multi-satellite case.

	Apple
	It can be discussed after the design for single satellite case is clear. 

	Samsung
	We also think it is a good starting point.  But we should not exclude other assumptions.  

	Huawei, HiSilcon
	Should firstly progress on single satellite case.

	Xiaomi
	Deprioritized

	Intel
	Support the proposal.

	NTT DOCOMO
	It’s better to focus on single satellite case first as there’re lots of unsolved issues. 

	Panasonic
	No support. It is not clear to us what the intended purpose is. Does UE detect the signal from multiple satellites simultaneously? Or is the idea that UE is located at the edge of the coverage area so that Network-verified UE location can be performed across multiple satellites (one satellite continues where another satellite left off). This would involve a discussion of time stamps, satellite ID etc.

	SONY
	We should progress the single satellite case first. Ideally, we would have time to consider multi-satellite as it should provide better accuracy.

	ZTE
	Single satellite scenario should be focused.

	Vivo 
	Share the majority view that the case with single satellite in view by UE should be prioritized.



Proposals for discussion/agreement at the online session on Day 2

Proposal 3-2
For RTT determination in NTN, study further the accuracy, and reporting details of :
· The following combinations of the 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.
· [bookmark: _GoBack]Alt-2: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215.
· Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4
· The UE Rx – Tx time difference based on Option 4 (directly derived from timing advance TTA )

Proposal 4-1:
In NTN, the reference point of the gNB Rx – Tx time difference reported to the LMF is the uplink time synchronization reference point

Note 1: The actual reference point for performing receive-transmit time difference measurement at the gNB could be different from the uplink time synchronization reference point

Note 2: The reference points for timing related measurements in NTN are to be defined by RAN4


Proposal 4-2:
Send LS to RAN4 on the definition of the reference points for timing related measurements in NTN


[bookmark: _Toc102489800]Conclusion


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

	R1-2302365
	Huawei, HiSilicon
	Observation 1: Options 1, 2 and 4 for enhancement will result in an excessively large reporting range of UE Rx-Tx time difference to accommodate the maximum value, in companion with significant overhead caused by the resolution step .
Observation 2: For enhancing UE Rx-Tx time difference, Option 3-1 and Option 3-2 possess the same benefits of keeping legacy R17 definition of UE Rx-Tx time difference and report mapping. 
Observation 3: For enhancing gNB Rx-Tx time difference, Option1 and Option 4 are not preferred due to the excessively large reporting range to accommodate the maximum value and significant overhead with the resolution step .
Observation 4: It is not clear on how Option 2 is used to derive the quite large RTT in NTN. 
Observation 5: Relying on Options 2, 5 and 6 to report additional measurements cannot resolve the mirror position issue. 
Observation 6: Since Doppler is the same for UEs located symmetrically about satellite’s orbital plane, reporting calculated Doppler from UE as proposed by Option 3 cannot resolve the mirror position issue. 
Observation 7: To resolve the mirror position issue, Option 4 only works for a VSAT UE and is not viable for other UE types lacking beam pointing. 

Proposal 1: Option 3 is adopted, i.e. the reference point for definition of gNB Rx-Tx time difference measurement is on the gNB.
Proposal 2: For enhancing UE Rx-Tx time difference in NTN, keep the legacy R17 definition of UE Rx-Tx time difference with an offset that is determined based on subframe difference between uplink subframe # and uplink subframe #.
Proposal 3: Support Option 3 to enhance gNB Rx-Tx time difference via keeping the current gNB Rx-Tx definition and additionally reporting an offset to cover kmac.
Proposal 4: For RTT calculation between UE and gNB, quantities in Option3-1 of UE Rx-Tx time difference and quantities in Option 3 of gNB Rx-Tx time difference are reported to LMF to obtain the RTT between gNB and UE, and the TA difference corresponding to measured subframes can be optionally reported from UE if needed.
Proposal 5: The issue of mirror position can be resolved at least via using beamforming by gNB’s implementation as proposed in Option 1, and a single bit, indicating the left side or the right side of UE position with respect to the orbital plane, can be transferred from gNB to the LMF to resolve the ambiguity of mirror position. 
Proposal 6: 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. 
Proposal 7: Feeder link latency as well as satellite processing time should be taken into account when estimating UE’s location in NTN with transparent satellite.


	R1-2302401
	THALES
	
Observation 1.	The UE Rx – Tx time difference determined based on option 1, option 3 and Option 4 (refer to RAN1#112 agreement) may be affected by the timing error i.e. Te_NTN  which could be up to 29*64*Tc or 944ns in FR1 with 15kHz SCS. De facto, with these options the positioning accuracy/UE location verification accuracy can be degraded.
Observation 2.	The same reporting granularity of UE Rx-Tx time difference as defined for TN  can be also used for the network verified UE location based on Multi-RTT method as the maximum additional error on RTT measurement would be equal to 16ns. 
Observation 3.	The same reporting granularity of gNB Rx-Tx time difference as defined for TN  can be also used for the network verified UE location based on Multi-RTT method as the additional error on RTT measurement would be equal to 16ns. 
Observation 4.	 The geometry relating the UE and positioning anchor points (TRP) affects the network verified UE location based on Multi-RTT method.
Observation 5.	For multi-RTT-based positioning in NTN, the maximum acceptable PDOP value appropriate for making accurate decisions is equal to 166
Observation 6.	Different techniques for angle-based positioning can be used to estimate UE location depending on satellite antenna architecture and whether digital. analog or hybrid beamforming are used.
Observation 7.	The result of the UL-AoA based positioning is a point on Earth. with a certain angular accuracy. Different defects may affect the angle estimation such as satellite beam pointing error. phase noise and defects due to all transformations (or operations) applied on the signals. from AE on board to the receiving base station on the ground.
Observation 8.	The main advantage of UL-AoA positioning method is the low latency and its applicability for the GEO based NTN deployment


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: 
The UE Rx – Tx time difference in NTN 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 Transmission Point (TRP)
· TUE-RX is the UE received timing of downlink subframe #i from this TRP, defined by the first detected path in time.
· One or multiple DL PRS, as instructed by higher layers, can be used to determine the start of downlink subframe #i.
· TUE-TX is the UE transmit timing of uplink subframe #j containing SRS associated with UE

Proposal 3: 
For multi-RTT-based positioning in NTN, the reporting range for the absolute UE Rx-Tx time difference measurement is from -531886051 to +531886051.
· Note: The same reporting granularities of UE Rx-Tx time difference as defined in clause 10.1.25 of  TS 38.133 are reused in NTN.

Proposal 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.

Proposal 5: 
For multi-RTT-based positioning in NTN, the reporting range for the gNB Rx-Tx time difference measurement is from -531886051 to +531886051.
Note: The same reporting granularities of gNB Rx-Tx time difference as defined in clause 13.7 of  TS 38.133 are reused in NTN.

Proposal 6:
For FR1, the reference point for TgNB-RX  and TgNB-TX used for the gNB Rx – Tx time difference measurement in NTN shall be:
For TgNB-RX :
· for SAN type 1-O: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna)
· for SAN type1-H: the Rx Transceiver Array Boundary connector.
For TgNB-TX:
· for SAN type 1-O: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
· for SAN type 1-H: the Tx Transceiver Array Boundary connector

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, if the reference point for definition of gNB Rx – Tx time difference measurement is onboard the satellite, the UE should include the calculated  to the measurement results that need be transferred from UE to the LMF, 

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, if the reference point for definition of gNB Rx – Tx time difference measurement is onboard the satellite, the following assistance data may be transferred from gNB to the LMF:
1. The value of the value of  𝑘mac used by gNB 
1. The value of TACommon when the gNB Rx – Tx time difference measurement is performed

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 


	R1-2302434
	Nokia, Nokia Shanghai Bell
	Observation 1: The accuracy of the UE location estimation depends on the time difference reporting range. 
Observation 2: In NTN, the current UE Rx-Tx time difference reporting range is insufficient to resolve multiple possibilities of UL slot offset.
Observation 3: Neighbor cells measurements can solve the mirror-point ambiguity.
Observation 4: The benefit of using multiple satellites is that the required time for determining the UE position decreases significantly.
Observation 5: The estimation accuracy and the execution time of the UE location verification procedure may depend on the radio channel conditions.
Observation 6: The UE location verification process should be initiated as soon as possible even at low elevation angles when radio propagation conditions are not favorable. 

Proposal 1: RAN1 to discuss how to maintain the accuracy of the UE location estimation without significantly increasing the reporting ranges.
Proposal 2: The UE Rx-Tx difference is compensated for the Koffset value before reporting it to the LMF.
Proposal 3: The slot offset between DL and UL slot is reduced by K_offset prior to being reported to the LMF to reduce the additional overhead of reporting.
Proposal 4: RAN1 to ask RAN3/RAN2 for guidance on which entity configures the measurements needed for resolving the mirror point ambiguity. 
Proposal 5: RAN1 to study how to reduce the signalling overhead for the reporting of neigbor signal level relationships.
Proposal 6: RAN1 to discuss the need and way to specify NTN specific assistance information for UE location determination with multiple satellites.
Proposal 7: RAN1 to discuss mitigation techniques for poor radio propagation conditions.


	R1-2302503
	vivo
	Observations 1 to 2:
· For supporting Multi-RTT method in NTN, the maximum RTT of NTN determines the range of UE Rx-Tx time difference.
· All the TN triggering methods can be applied for supporting Multi-RTT method in NTN in principle but some updates are needed considering the single satellite based positioning requirements and the large RTT in NTN.
Proposals 1 to 8:
· Only specify Multi-RTT method for RAT dependent positioning in NTN assuming single satellite in view by UE in NR Rel-18.
· Take uplink time synchronization reference point as the position of the reference point for definition of gNB Rx-Tx time difference.
· For definition of UE Rx-Tx time difference in NTN, RAN1 should first discuss following 2 aspects following same rules applied in TN:
· whether DL and UL should be decoupled, 
· allowed range of UE Rx-Tx time difference.
· RAN1 should further discuss following combinations of {gNB Rx-Tx time difference, UE Rx-Tx time difference} definition:
· {Option 1 of gNB Rx-Tx time difference, option 1 of UE Rx-Tx time difference},
· {Option 4 of gNB Rx-Tx time difference, option 2 of UE Rx-Tx time difference},
· {Option 3 of gNB Rx-Tx time difference, option 3-1 of UE Rx-Tx time difference}.
· 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 whether and how 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.


	R1-2302565
	OPPO
	Observation 1: Rx-Tx time difference takes into account the potential DL synchronization error compared to a direct TA reporting.
Observation 2: option 1 and option 3 are conceptually similar only with the difference on report quantity. 
Observation 3: although option 2 can provide LMF the RTT estimation, it changes the R17 baseline, which is not necessary, given option 1 and 3 can also achieve the same goal. 
Observation 4: Option 4 clearly lacks of information about the DL and UL synchronization error correction. 
Observation 5: the measurement error due to clock drift is smaller than +/- 16ns. With common case of 20 ms SSB period, the measurement error is reduced to +/- 2 ns. 
Observation 6: the mirror-image ambiguity can be resolved if the LMF verifies both actual and mirror positions with the UE reported location. This can be left for LMF implementation without RAN1 enhancement. 
Observation 7: Relying UL-AOA to resolve the ambiguity issue depends on whether there exists the link for the satellite to report the measurement results to gNB.
Observation 8: Relying on UE reporting RSRP of received CSI-RS beams to make LMF able to clear the ambiguity is already supported by ECID method. 
Proposal 1: adopt option 1 or option 3 for UE Rx-Tx time difference measurement. 
Proposal 2: gNB Rx-Tx time is resuing R17 definition without change, the reference point should be on the gNB side. 
Proposal 3: UE needs to report the time difference between the TUE-TX and SRS transmit time.
Proposal 4: RAN1 confirms that the clock drift issue does not impact the  RAN1 DL-TDOA performance observation made in RAN1#111. 
Proposal 5: the exisiting ECID method or LMF implementation can already be used to remove the mirror-image ambiguity, no further RAN1 enhancement seems necessary.  

	R1-2302720
	CATT
	Proposal 1: Support the satellite as the reference point for gNB Rx-Tx time difference measurement in NTN.
Proposal 2: Defined the Sat Rx-Tx time difference parameter as TSat-RX – TSat-TX in NTN, replacing the gNB RX-TX time difference. 
Where:
· TSat-RX is the satellite received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
· TSat-TX is the satellite transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.
· Multiple SRS resources can be used to determine the start of one subframe containing SRS.
· The reference point for TSat-RX shall be:
-	the Rx antenna of satellite (i.e. the centre location of the radiating region of the Rx antenna).
· The reference point for TSat-TX shall be:
-	the Tx antenna of satellite (i.e. the centre location of the radiating region of the Tx antenna).
Proposal 3: For Rx-Tx time difference measurement, NTN specific signaling for 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 Sat Rx-Tx time difference should be calculated by following options:
· Option 1: Sat Rx-Tx time difference is deduced by gNB based on the gNB Rx-Tx time difference measurements and system information indicated by network which includes TAcommon, TAcommonDrift, TAcommonDriftVariation, epoch time, ephemeris and so on. Then gNB sends Sat Rx-Tx time difference to LMF.
· 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 Sat Rx-Tx time difference based on the collected information.
Proposal 5: For multiple satellites case, the DL-TDOA is a better choice.


	R1-2302813
	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: 
· At least the following assistance information is required for multi-RTT in NTN
· Satellite ephemeris
· Feeder link RTT
Observation 1: 
· It is not possible to avoid mirror image ambiguity using only timing-based solutions with one satellite
Proposal 3: 
· 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 4: 
· It is up to the network/LMF how to handle UEs which are located near the orbital plane
Observation 2: 
· Frequency error of 0.1 ppm for S-band results in an error of 0.9 km (3 µs) for measurement interval of 30 seconds
Observation 3:
· Frequency error (mismatch with nominal frequency) due to Doppler shift caused by UE speed and due to non-ideal compensation of Doppler shift caused by satellite speed is significant (larger than 0.1 PPM)
Observation 4: 
· For DL-TDOA, a UE is required to maintain tight frequency synchronisation for long time period (at least 30 second) to decrease the timing/positioning error which can lead to higher UE power consumption
Proposal 5: 
· RAN1 should focus on the multi-RTT method as a primary solution for NTN UE location verification
· DL-TDOA and UL-TDOA can be considered in future releases
Proposal 6: 
Consider extension of multi-RTT to NTN network-verified UE location with multiple satellites in view

	R1-2302858
	Sony
	Proposal 1: For UE RX-TX time difference measurement, support 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    
   
Proposal 2: The UE RX-TX time difference measurement is based on an association between an identified DL PRS and an identified UL SRS.


	R1-2302894
	PANASONIC
	Observation 1: When configuring PRS resource, time resources will be indicated to UE. So, UE can know which PRS is configured to be measured. And LMF can likewise distinguish the PRS based on receiving time of measurement result, i.e, when UE carried out the measurement, which can already be signalled back with NR-TimeStamp. Other parameters to describe PRS resource may beneeded only if the Network-verified UE location is extended with the multi-satellite use case.

Observation 2: In Option 3, kmac is subtracted together with the Common-TA from the RTT between UE and gNB when calculate RTT between UE and satellite is calculated. Hence, LMF has no need to be informed about kmac. 

Observation 3:
5) 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.
6) The error becomes largest at the largest distance between satellite and UE/gNB (when  is largest)
7) The error is overall smallest if SRS is sent before PRS (orange curve, t2_SRS-t0_PRS=-0.01s)
8) 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. 

Observation 4: Multiple RTT positioning using Timing Advance determines the RTT as the sum of Timing Advance value and gNB Rx-Tx Time Difference. Thus, it duplicates Option 4 of Clause 3.1 on “UE Rx-Tx Time Difference” and is not needed.

Proposal 1: RAN1 prioritizes adopting the legacy R17 definitions of Rx-Tx time difference (Option 3 each) for Network-verified UE location and falls back to other solutions only if problems are identified.

Proposal 2: Option 3-3 should be adopted because TA report (as specified in Rel.17) is most difficult to be faked.

Proposal 3: (Option 3) Keep the current gNB Rx-Tx definition and report an offset which can covers the time duration corresponds to kmac if needed.

Proposal 4: In NTN, consider the UL-synchronization point for the position of the reference point for the definition of gNB Rx – Tx time difference measurement.

Proposal 5: 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.

Proposal 6: Send LS to RAN2/RAN3 on the potential impact on LPP/NRPPs procedures.



	R1-2302999
	xiaomi
	Observation 1: The RTT change due to the satellite movement is negligible.
Observation 2: The UE clock error issue has little impact on the performance of the DL-TDOA based solution.
Observation 3: The impact on the positioning accuracy due to the height division error is negligible. 
Observation 4: The latency expected for the timing-based positioning solutions can meet the SA’s recommendation.

Proposal 1: The satellite ephemeris related information and satellite IDs need to be delivered to the CN.
Proposal 2: The position of the reference point for definition of gNB Rx – Tx time difference measurement is on the gNB.
Proposal 3: The common TA related information and the Kmac applied need to be delivered to the CN.
Proposal 4:
For the UE Rx – Tx time difference:
· Legacy definition of the Rx – Tx time difference is kept
· An additional value is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of receive timing of a DL subframe and transmit timing of a UL subframe.
For the gNB Rx – Tx time difference:
· Legacy definition of the Rx – Tx time difference is kept
· An additional value is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of receive timing of a UL subframe and transmit timing of a DL subframe.
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.


	R1-2303145
	Samsung
	Observation 1: RTT measurement using timing advance will result in large RTT measurement error that will in turn result in huge location estimation error for the network verified UE location in NTN. 
Observation 2: A malicious UE could report false value for UE Rx-Tx time difference to deceive LMF when using Multi-RTT method for UE location calculation. 
Observation 3:  Multi-RTT method based on UE Rx-Tx and gNB Rx-Tx has the potential to enable LMF to verify the validity of the measurements reported by the UE.  
Observation 4:  By proper cell footprint and antenna pattern the effect of mirror positions ambiguity for Multi-RTT positioning may be minimized, and the 10 km requirement for location estimation error specified by WID can be satisfied.

And based on the observations we made the following proposals:
Proposal 1: For enhancing UE Rx-Tx time difference in NTN select Option 2, i.e. 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 enhancing gNB Rx-Tx time difference in NTN select Option 4, i.e. 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.
Proposal 3: UE reports the arrival time of a DL RS for positioning and the transmit time of an SRS, separately.
Proposal 4: gNB reports the transmit time of a DL RS for positioning and the arrival time of an SRS, separately. 
Proposal 5: 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. 


	R1-2303205
	ETRI
	Proposal 1. Support Option 2 for enhancing UE Rx-Tx time difference in NTN, i.e., 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. Support Option 2 for enhancing gNB Rx-Tx time difference in NTN, i.e., support gNB report of gNB Rx-Tx time as defined in 38.215 with a modification.
Proposal 3. RAN1 needs further discussion with and after the discussion of the definition of gNB Rx-Tx time difference.
Proposal 4. RAN1 further discusses which information is needed to transfer from gNB/UE to LMF.
Proposal 5. Support gNB or LMF implementation to solve the mirror error issue with some spec impact.
Proposal 6. RAN1 considers 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.
Proposal 7. RAN1 considers multi-RTT measurement reporting with predicted satellite locations on the ephemeris.
Proposal 8. In order to avoid mirror-image ambiguity, RAN1 considers multi-RTT measurement reporting with pre-configured locations.


	R1-2303269
	Lenovo
	Observation 1: If gNB is considered as the reference point for definition of gNB Rx – Tx time difference measurement for transparent payload, this may require signalling enhancements between NG-RAN node and LMF.
Observation 2: Polarization indication signalling is not supported for reference signal used in positioning.
Observation 3: A polarization mismatch may decrease the positioning accuracy and/or increase the latency.
Observation 4: The mirror ambiguity would result in two positioning estimates of the target UE.
Observation 5: Knowledge of positioning beam identity or uplink angle of arrival may be sufficient to resolve mirror ambiguity.
The corresponding proposals are summarized as follows:
Proposal 1: RAN1 to study low latency signalling enhancements to support Multi-RTT positioning with single satellite.
Proposal 2: RAN1 to identify the measurement configuration and reporting enhancements needed for low latency Multi-RTT method with single satellite for both uplink and downlink reference signals.
Proposal 3: The gNB Rx-Tx time difference definition for Multi-RTT for NTN systems may be modified according to option 4, i.e., in NTN, 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: 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 5: The UE Rx-Tx time difference definition for Multi-RTT for NTN systems may be modified according to option 2, i.e., in NTN, 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 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.  


	R1-2303295
	ZTE
	Observation 1: Kmac will have no impact on the calculation of service link RTT, which is finally applied for positioning. Enhancement on gNB to cover the Kmac is not needed.
Observation 2: Multiple SRS resources may not able to be combined to determine the start of one subframe containing SRS due to varying UL timing.
Observation 3: TA report supported in Rel-17 NTN can be used for RTT estimation. The granularity may need to be enhanced for better location verification performance.
Observation 4: TA reported by UE can be considered to have similar reliability as other RAT dependent parameters since it is a physical layer parameter related to UL synchronization.
Observation 5: The error between TA and real RTT will not impact positioning performance if the satellite position used for TA calculation is used as anchor point position.
Observation 6: The TA report method is less impacted by the link budget and UE autonomous TA adjustment compared with legacy measurement-based method.
Proposal 1: The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset 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.
Proposal 2: UE need to 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.
Proposal 3: 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 4: 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 5: In NTN, the position of the reference point for definition of gNB Rx – Tx time difference measurement should be on the gNB. If the reference point for definition of gNB Rx – Tx time difference measurement can be set outside the node responsible for measurement, the UL time synchronization reference point can also be considered.
Proposal 6: For RTT measurement in NTN, support gNB report of gNB Rx-Tx time as defined in 38.215 with the following change:
-	Only the SRS resource starting within a subframe can be used to determine the start of the subframe.
Proposal 7: TA report based RTT estimation should be supported in multi-RTT method in NTN location verification.
Proposal 8: TA report with higher granularity can be investigated to improve the location verification performance.
Proposal 9: Ephemeris transfer to CN from gNB or UE should be supported for location verification. 
Proposal 10: Common TA parameters transfer to CN from gNB or UE should be supported for location verification. 
Proposal 11: TA report to CN from gNB should be supported for location verification. 
Proposal 12: Mirror image ambiguity when single satellite is in view can be solved through implementation based on cell coverage. NR E-CID may be reused without enhancement to determine which beam or cell the UE locates in.


	R1-2303352
	MediaTek Inc.
	Determination of UE Rx-Tx time difference:
Observation 1: In multi-RTT positioning method with single satellite, linking the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA to UL measurement occasions avoids the risk the network sends a command TA or clock drift impairments between time UE reports UE Rx – Tx time difference and UE transmit SRS.

Observation 2: If the gNB receives the PRACH/ SRS/DMRS during UL measurement occasions and receive the report of UE Rx – Tx time difference derived directly from the timing advance TTA, it can measure and correct any residual timing error caused by the accuracy of the terms in the TTA formula and other impairments to mitigate the timing error. 

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

Proposal 2: In multi-RTT positioning method with single satellite, the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA is linked to UL measurement occasions for gNB Rx-Tx time difference. 

Accuracy of timing advance for UE Rx–Tx time difference:
Observation 3: The accuracy of the timing advance TTA has no significant impact on the accuracy of the UE Rx-Tx time difference directly derived from the timing advance TTA or determined from DL PRS measurements.

Analysis for UE Rx–Tx time difference:
Observation 4: The accuracy of network-based UE location verification with multiple-RTT in single satellite with UE Rx–Tx time difference TUE-RX–TUE-TX directly derived from timing advance TTA does not depend on SNR conditions or measurement timing errors at the UE or gNB due to timing drift.  
Observation 5: The accuracy of the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA can be within 20 Tc, or about 10 ns

Reference point for the network-based UE location verification:
Proposal 3: 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.

Mirror positions ambiguity for multi-RTT positioning:
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. 


	R1-2303433
	Ericsson Limited
	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 error 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.
Observation 3	The description of gNB RX TX time difference in NTN will depend on how the UE RX-TX time difference is defined.
Observation 4	The reference point for the gNB RX-TX time difference measurement is the physical point (i.e., TRP) where the measurement can be performed.
Observation 5	The reference points for the gNB RX-TX time difference measurement and the uplink time synchronization will possibly be different.
Observation 6	With Option 1, the uplink/downlink frame timing will be misaligned at the gNB RX-TX reference point (i.e., satellite) by an additional amount given by the common TA.
Observation 7	With Option 3, the uplink/downlink frame timing will be misaligned at the gNB RX-TX reference point (i.e., gNB) by an additional amount given by the RTT between the uplink time synchronization reference point and the gNB (which may not necessarily equal ).
Observation 8	UL-AoA measurement can be performed at the satellite antenna with a transparent NTN payload.

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

Proposal 1	RAN1 to select a way forward for UE RX-TX time difference measurement after discussing the technical merits of Options 1, 2 and 3.
Proposal 2	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 3	RAN1 to select Option 2 or 3 for gNB RX-TX time difference measurement if UE RX-TX time difference measurement in NTN is based on enhancing the legacy definition.
Proposal 4	RAN1 to select Option 4 for gNB RX-TX time difference measurement if a new UE RX-TX time difference measurement is introduced for NTN based on the actual transmission of UL-SRS and reception of DL-PRS.
Proposal 5	The reference point for the gNB RX TX time difference measurement shall be onboard the satellite.
Proposal 6	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 7	UE reporting of TA cannot be trusted for the purpose of network-verified UE location in NTN.



	R1-2303500
	Apple
	Proposal 1: For network verifying UE location, the UE Rx-Tx time difference is defined as , where  is the UE received timing of downlink subframe #i from a transmission point (TP), defined by the first detected path in time;  is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP (Option 1). 

Proposal 2: For network verifying UE location with the definition of UE Rx-Tx time difference following Option 1, the reported UE Rx-Tx time difference has value range between [0ms, 541 ms] or [0, 1,062,868,369*Tc], and has resolution step in .

Proposal 3: 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 4: For network verifying UE location, the gNB Rx-Tx time difference is defined as , where  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;  is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE, where only the SRS resource starting within a subframe can be used to determine the start of the subframe (Option 2). 

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 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.  

Proposal 10: For network verifying UE location using multi-RTT method, restrict the time gap between UE receiving PRS and UE transmitting SRS. 



	R1-2303607
	Qualcomm Incorporated
	Observation 1: For single-sat multi-RTT in NTN, UE RX-TX time difference needs to be measured based on the actual transmission time of an SRS.

Observation 2: 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, unless UE DL subframe variation rate is provided.

 Observation 3: If a clock that is synchronized with the DL signal is used to measure TDOA of DL signals from a LEO satellite, the TDOA measurements will be consistent with whatever GNSS location that UE assumes. 

Proposal 1: Define a new type of UE RX-TX time difference for NTN that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS.
· FSS details of report.


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 single-sat multi-RTT, the gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX

Where:
· TgNB-RX is the Transmission and Reception Point (TRP) received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
· TgNB-TX is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.

The start of the uplink subframe #i is determined by the received SRS resource that start within the subframe. 


Proposal 5: For gNB RX-TX time difference measurement, the reference point is the UL synchronization reference point.



Proposal 6: 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



	R1-2303659
	TCL Communication Ltd.
	Observation 1: Time-based positioning methods cannot able to guarantee the targeted positioning accuracy of 5-10km under the considerations of timing differences measurement error and the mirror-image ambiguity issue. 
Proposal 1: Discuss the solutions to mitigate the timing measurements error due the satellite movement, the synchronization error and/or the clock drift between the UE and satellite for time-based measurement positioning methods.
Proposal 2: Investigate how to resolve the mirror image ambiguity for UE within a beam underneath a satellite’s path plane for time-based measurement positioning methods.
Proposal 3: RAN1 synchornize the progress on the issues related to resolving the mirror image ambiguity and addressing the measurements error for time-based positioning methods.


	R1-2303726
	NTT DOCOMO, INC.
	Proposal 1: 
For enhancing UE Rx-Tx time difference in NTN, option3-2 is preferred, i.e., the legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the following: 
•	UE 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. 
Proposal 2:
For enhancing gNB Rx-Tx time difference in NTN, option4 is preferred, i.e., 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.
· E.g., the legacy R17 definition of gNB Rx-Tx time difference is adopted for NTN with an offset that is determined based on the RTT between gNB and RP. 
Proposal 3: 
For network verification of UE location in NR NTN based on multi-RTT framework, report additional information to LMF, including at least satellite ephemeris.
Proposal 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 to LMF, e.g., the timing information of satellite transmitting the reference signal. 
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.
Proposal 6:
For the position of the reference point for definition of gNB Rx – Tx time difference measurement, support Option 3.
Option 3: on the gNB.


	R1-2303749
	LG Electronics
	Proposal #1: Support option 3 (on the gNB) for the reference point for defining gNB Rx–Tx time difference measurement. 
Proposal #2: For UE Rx-Tx time difference in NTN, deprioritize option 4 (based on TA value).   
Proposal #3: For gNB Rx-Tx time difference in NTN, support option 3.   
Proposal #4: Support option 1 (based on gNB or LMF implementation) for resolving mirror positions ambiguity in single satellite based multi-RTT positioning.  




	R1-2303772
	Sharp
	Proposal 1: The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on UE report of the index of the subframe j that is closest in time to the subframe #i received from the TRP.
Proposal 2: Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.
Proposal 3: In NTN, for the position of the reference point for definition of gNB Rx – Tx time difference measurement is onboard the satellite.
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 4: 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.




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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