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[bookmark: _Toc102489761]Introduction
This feature lead summary document aims to collect and align on company views on the remaining issues and Draft CRs related to Network verified UE location. It contains a summary of the contributions under 8.10 at TSG-RAN WG1 #116. together with identified remaining key issues. 

All RAN1 objectives including network verified UE location in Rel-18 NR NTN were completed at RAN1#114 and RAN1#114bis. In current meeting we further discuss the remaining issues under agenda item 8.10 including the following aspects:
1. Issue#1 Time of beginning of a subframe containing PRS or SRS
2. Issue#2 Support positioning measurements with reduced number of samples of PRS resource in NTN
3. Issue#3 NR-TimingQuality in NTN
4. Issue#4 UE specific TA report for Network verified UE location

Furthermore, a general issue on Release-18 maintenance (not directly related to Network verified UE location) is discussed in section 5:
5. Issue#5 Application time of cell DRX in NTN

A total of 12 TDocs have been submitted to current meeting for discussion. The source contributions are cited in references [1]-[12]. The companies proposals are listed in Appendix I. 

[CLOSED] Issue#1 Time of beginning of a subframe containing PRS or SRS
On issue#1, RAN1#115 made the following working assumption:

Working assumption
For UE RX-TX measurements in NTN, the time of the beginning of a subframe is determined by assuming the time durations of the OFDM symbols at the receiver are the same as defined in 38.211.

The issue on the time of beginning of a subframe for UE and gNB RX-TX measurements in NTN was discussed in [R1-2312053]:
The description of the issue and the rationale behind the proposal below is recalled hereafter:

	[R1-2312053]:
In the definitions of UE and gNB RX-TX time difference, we have assumed that the measurements are made based on the beginning of a subframe although both SRS and PRS may not start at the beginning of a subframe. The beginning of a subframe that contains an SRS or PRS may not be known due to the code Doppler. For instance, the beginning of a subframe that contains a PRS at the end may differ by up to 50 ns depending on if the UE considers the Doppler in the calculation. 

Observation 1: The beginning of a subframe determined based on the arrival time of a position RS at the end of a subframe can have an uncertainty up to 50 ns due to unknown code Doppler.

For better accuracy, the derivation of the time of the beginning of a subframe based on received PRS and SRS needs to be defined and known to all parties. One way is to derive the beginning of a subframe based on the received signal and assume 0 Doppler as shown in Figure 1.


Figure 1. The actual arrival time of a subframe vs the calculated arrival time assuming 0 Doppler.




Companies’ contributions summary
The following proposal is submitted to current RAN1 meeting:
	Companies
	Proposals

	Qualcomm Incorporated
	Proposal 1: Confirm the following working assumption:
Working assumption
For UE RX-TX measurements in NTN, the time of the beginning of a subframe is determined by assuming the time durations of the OFDM symbols at the receiver are the same as defined in 38.211.

Proposal 2: Adopt TP1 for TS 38.215





Proposal 1-1
Based on the above, the following proposal is made:

Proposal 1-1
Confirm the following working assumption:

Working assumption
For UE RX-TX measurements in NTN, the time of the beginning of a subframe is determined by assuming the time durations of the OFDM symbols at the receiver are the same as defined in 38.211.


Please use the following table to provide your comment:
	Companies
	Comments and Views

	Qualcomm
	OK

	vivo
	OK

	NTT DOCOMO
	OK

	CATT
	OK

	Samsung
	OK

	MediaTek
	OK

	Nokia, Nokia Shanghai Bell
	OK

	Huawei, HiSilicon
	OK

	OPPO
	OK







Proposal 1-2: TP for TS 38.215
To capture the above proposal in the specs, the following text proposal on TS38.215 is made:
Proposal 1-2
Adopt the following TP
[bookmark: _Toc524695270][bookmark: _Toc153613700][bookmark: _Toc44881136][bookmark: _Toc29901519][bookmark: _Toc29901472][bookmark: _Toc29045131][bookmark: _Toc35596400][bookmark: _Toc51776306]------------------------------------------------------- Start of TP for TS 38.215  ------------------------------------------------------------
5.1.30	UE Rx – Tx time difference

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

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.

Multiple DL PRS or CSI-RS for tracking resources, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP. The time of the beginning of a subframe is determined by assuming the time durations of the OFDM symbols at the receiver are the same as defined in 38.211.


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

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE


                                                    
[bookmark: _Hlk158648010]*** Unchanged parts are omitted ***


Please use the following table to provide your comments:
	Companies
	Comments and Views

	Qualcomm
	OK

	NTT DOCOMO
	OK

	Samsung
	OK

	MTK
	OK

	Nokia, Nokia Shanghai Bell
	OK

	Huawei, HiSilicon 
	If the time of the beginning of a subframe is determined by assuming the time durations of the OFDM symbols at the receiver are the same as defined in 38.211, we don’t need a TP for 215 considering the timing in TS 38.211 is already clear.

	OPPO
	OK






[CLOSED] Issue#2 Support positioning measurements with reduced number of samples of PRS resource in NTN
This issue was raised in last RAN1 meeting. The following FL Recommendation was made:
FL Recommendation:
The issue#2 on positioning measurements with reduced number of samples of PRS resource in NTN was raised for the first time at RAN1#115. The issue could not be resolved in current meeting.
For upcoming RAN1 meeting, companies are encouraged to provide inputs/views on this issue.

Companies’ contributions summary
On Issue#2 The following proposals are submitted to current RAN1 meeting:

	Companies
	Proposals

	Samsung
	Observation 1:  Reduced number of samples of PRS with Nsamples= 1 or 2 is already supported in legacy TN specifications based on UE capability supportedDL-PRS-ProcessingSamples.  

Proposal 1: RAN1 does not define a new capability for reduced number of samples of PRS and does not add a pre-requisite for the existing UE feature of multi-RTT UE location verification.


	Ericsson
	Observation 2	The network may configure a dense PRS configuration to cater to the UEs that do not support “supportedDL-PRS-ProcessingSamples” UE capability.
Proposal 2	The UE capability “supportedDL-PRS-ProcessingSamples” is not a pre-requisite for network verification of UE location.



	Huawei, HiSilicon
	Observation 1: If the RAN4 working assumption of single sample of PRS resource for UE Rx-TX measurement period is confirmed, using the current description of “UE Rx-Tx time different measurement period” to define the DL timing drift is reasonable. Otherwise, RAN1 may need to update the definition of measurement period for DL timing drift. 




Proposal 2-1
The following agreement on measurement period and accuracy requirements on RTD was made at the last RAN4 meeting:

	
Agreement:
· For UE Rx-Tx measurement period requirement, as baseline, the scope does not include measurements across different frequency layers.
For the core part CR, Nsample = [1].




RAN4 working assumption is Nsample =1.

The moderator proposes to adopt the same working assumption for now. And thereby. postpone the discussion on Issue#2 waiting for RAN4 decision.  

The following FL recommendation is made:

FL Recommendation:
Postpone the discussion on Issue#2 waiting for RAN4 decision on support of single sample of PRS resource for UE Rx-TX measurement period

Please use the following table to provide your comment:
	Companies
	Comments and Views

	Qualcomm
	We could clarify that as part of the network verified UE location basic UE feature, the UE shall support Nsample = [1] (to be confirmed by RAN4)

	MTK
	OK

	Vivo
	Support the FL proposal.

	NTT DOCOMO
	Agree with FL.

	CATT
	OK 

	Samsung
	Agree with the FL proposal.

	ZTE
	Fine to wait RAN4 decision.

	Nokia, Nokia Shanghai Bell
	OK to wait for RAN4 decisions

	Huawei, HiSilicon
	Agree with Qualcomm. At least this should be captured as component in the UE feature discussion. As a working assumption, we can include the square brackets of N sample in the corresponding UE capability component. 

	OPPO
	Agree with FL




[CLOSED] Issue#3 NR-TimingQuality in NTN
Companies’ contributions summary
The following proposals is submitted to current RAN1 meeting:
	Companies
	Proposals

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




This issue was already discussed in previous meetings. Within its contribution to RAN1#116 vivo proposes to extend the timing quality resolution up to hundreds of meters so that up to 10km quality can be supported. The following justification is given in [1]: 

	[R1-2400224] :

[bookmark: _Hlk24184832]For Multi-RTT in TN, the UE may be configured to report quality metrics NR-TimingQuality corresponding to the UE Rx-Tx time difference measurements which include the following fields:
· timingQualityValue which provides the best estimate of the uncertainty of the measurement
· timingQualityResolution which specifies the resolution levels used in the timingQualityValue field.
This report can be reused by NTN. However, as agreed in RAN1, the accuracy of UE location verification in NTN is up to 5 ~ 10km, which is much more coarse than TN case. This means the timing quality resolution should be further extended to meet the larger range requirement in NTN. The current timing quality value is within [0, 31] and the resolution is within [1, 30] meters, which means it supports a timing quality in maximum corresponds to 31x30 meters, which is less than 1km. Therefore, the timing quality resolution for NTN should be extended to hundreds of meters so that up to 10km quality reports can be supported.





Proposal 3
From Moderator’s perspective and based on majority’s view, there is no need to modify the value of NR-TimingQuality for NTN. Therefore, the following proposed conclusion is made:  


Proposal 3

Conclusion
No need to modify the value of NR-TimingQuality for NTN

Please use the following Table to provide your comment:
	Companies
	Comments and Views

	Qualcomm
	The requirement of 10km in distance is not the same as 10km error in measurements (the distance error is much larger due to bad geometry and dilution of precision). Therefore, no change is needed.

	Vivo
	Our initial intention of the proposed extension is to cover all the possible accuracy requirements, i.e., 5-10km. However, we are open to adopting the conclusion if the majority do not perceive the need for the extension.

	NTT DOCOMO
	Agree with FL.

	CATT
	Agree 

	Samsung
	Agree with the FL Conclusion

	MTK
	Agree

	ZTE
	Agree. The 5-10km precision is defined for verification error, which will be affected by the geometry instead of only RTT measurement error. Hence, no need to update NR-TimingQuality.

	Nokia, Nokia Shanghai Bell
	Agree with FL view, and agree with ZTE view on the matter. It is important to keep the two elements separate (timing quality and the estimation accuracy at the LMF).

	Huawei, HiSilicon
	Agree

	OPPO
	Agree with FL




[CLOSED] Issue#4 UE specific TA report for Network verified UE location
Companies’ contributions summary
This issue is raised by vivo in [1]: To mitigate the RTT estimation error, the impact of UE autonomous adjustment of TA should be taken into account based on the note in the following agreement. However, according to RAN1 agreements made so far, only ta-Common, ta-CommonDrift, ta-CommonDriftVariant, and Epoch time would be reported to LMF from gNB. Therefore, UE specific TA offset N_"TA,adj" ^"UE"  based on which the UE pre-compensates the two-way transmission delay on the service link should be also reported associated with the UE Rx-Tx time difference.

Therefore, vivo proposed the following:

	Companies
	Proposals

	vivo
	Proposal 5: For supporting Multi-RTT method in NTN, UE specific TA offset  based on which the UE pre-compensates the two-way transmission delay on the service link should be reported together with the UE Rx-Tx time difference from UE to LMF.





Proposal 4
From Moderator’s perspective the reporting of DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement is enough to mitigate the UE autonomous adjustment of TA. There is no need to report UE specific TA.

Companies are encouraged to comment on the following proposal:

Proposal 4 (vivo):
For supporting Multi-RTT method in NTN, UE specific TA offset  based on which the UE pre-compensates the two-way transmission delay on the service link should be reported together with the UE Rx-Tx time difference from UE to LMF.

Please use the following Table to provide your comment:
	Companies
	Comments and Views

	Qualcomm
	Not needed, Doppler reporting is enough to solve this issue.

	vivo
	Disagree.
UE_TA in the TA information is derived based on ephemeris information and UE location. LMF needs a complete Timing Advance information to derive the RTT. Thus, it can only determine common TA and ephemeris information based on DL timing drift reporting and common TA parameters, but cannot determine UE_TA as it has no the information of the accurate UE location. 

	NTT DOCOMO
	UE specific TA report is not needed. 

	CATT
	No needed

	Samsung
	We do not see any reason to report UE specific TA offset 

	MediaTek
	To understanding of the RAN1 agreement, the” UE report of the actual index difference between subframe j and subframe i” as specified in legacy UE Rx-Tx time difference TUE-Rx – TUE-Tx can be effectively the same as the report of the UE-specific TA which has 1ms granularity. We would be open to clarification in the specification.

	ZTE
	Further clarification may be needed on how to apply the reported TA offset.

	Nokia, Nokia Shanghai Bell
	Not needed.

	Huawei, HiSilicon
	No need for this.




Issue#5 Application time of cell DRX in NTN
In [12], Qualcomm raised this general issue on Release-18 maintenance (not directly related to Network verified UE location).

Companies’ contributions summary
The description of the issue could be found in [12] and re-copied hereafter:

	[R1-2401422]:

Cell DTX and cell DRX are defined in Rel-18. In addition, a PDCCH in DCI format 2_9 can be used to activate and deactivate cell DTX and/or cell DRX. A change in activation or deactivation indicated in slot m is applied in slot m+d, where d is the number of slots in 3 ms. As shown in Figure 1, the above application time of the cell DRX activion/deaction can have a problem in NR NTN due to large timing advance. In particular, a UE’s UL transmission for slot m+4 with 15 KHz SCS may occur before slot m on which the UE receives the deactivation command. 


Figure 1.  Application time of a cell DRX activation/deactivation indicated in slot m.

To solve the above problem, Koffset can be used to delay the application time of cell DRX. To ensure consistent application time for all the UEs address by a DCI format 2_9, cell specific Koffset is preferred.






The following proposals is made by QC:
	Companies
	Proposals

	Qualcomm
	Proposal 3: Adopt TP2 for TS 38.213




Proposal 5: TP for TS 38.213
From Moderator’s point of view, this is a valid issue. Indeed, this is a new Timing relationship (introduced by Cell DTX/DRX in Rel-18) that needs Koffset.

Based on the above discussion, the following Proposal is made:


Proposal 5
Adopt the following TP 
--------------------------------------------------------- Start of TP for TS 38.213 ------------------------------------------------------------
[bookmark: _Toc137056426][bookmark: _Toc156237241]11.5	Adaptation of cell operation
*** Unchanged parts are omitted ***
When a UE receives in slot  on the active DL BWP of a first serving cell a PDCCH providing DCI format 2_9 that indicates a change in activation or deactivation of a current cell DTX operation or cell DRX operation for a second serving cell, the UE operates on the second serving cell according to the indicated cell DTX operation or cell DRX operation starting from a slot on the active DL BWP or on the active UL BWP of the second serving cell, respectively, that is not before the beginning of the slot  on the active DL BWP of the first serving cell where  is a number of slots for the SCS of the active DL BWP of the first serving cell in Table 11.5-1. When a UE receives in slot  on the active DL BWP of a first serving cell a PDCCH providing DCI format 2_9 that indicates a change in activation or deactivation of a current cell DRX operation for a second serving cell, the UE operates on the second serving cell according to the indicated cell DRX operation starting from a slot on the active UL BWP of the second serving cell that is not before the beginning of the slot  on the active DL BWP of the first serving cell where  is a number of slots for the SCS of the active DL BWP of the first serving cell in Table 11.5-1,  is the cellSpecificKoffset if provided for the second serving cell or 0 otherwise,  is the SCS configuration of the active DL BWP of the first serving  cell, and for a cell that is provided with higher-layer ephemeris parameters the starting time of a slot is the starting time of the slot at the uplink time synchronization reference point of the cell.
*** Unchanged parts are omitted ***

------------------------------------------------------ End of TP for TS 38.213 ------------------------------------------------------------


Please use the following table to provide your comments:
	Companies
	Comments and Views

	Qualcomm
	Support

	CATT
	Need more discussion

	MediaTek
	Can be further discussed

	ZTE
	In current specification, the wording is “not before the beginning of the slot  on the active DL BWP”, which seems to describing absolute timing instead of logical timing. In this case, Koffset is not needed.

	Nokia, Nokia Shanghai Bell
	Can be further discussed.


	OPPO
	We can discuss whether the slot m+d is from the DL slot point of view. If it is the DL slot point of view, then there is no need for the TP.




FL Recommendation:

Based on preliminary feedback from companies, it is clear that we cannot made any consensus on this TP in current meeting. 
Proponents may have offline discussions with other companies and resubmit the proposal in upcoming RAN1 meeting if deemed essential.

Proposals for online session on Day 1 of the meeting
The following  proposals are for discussion at the online session on day 1 of the meeting (Monday 26th of February):

Proposal 1-1
Confirm the following working assumption:
Working assumption
For UE RX-TX measurements in NTN, the time of the beginning of a subframe is determined by assuming the time durations of the OFDM symbols at the receiver are the same as defined in 38.211.

Proposal 1-2
Adopt the following TP for TS 38.215  
------------------------------------------------------- Start of TP for TS 38.215  ------------------------------------------------------------
5.1.30	UE Rx – Tx time difference

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

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.
Multiple DL PRS or CSI-RS for tracking resources, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP. The time of the beginning of a subframe is determined by assuming the time durations of the OFDM symbols at the receiver are the same as defined in 38.211.
For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE


                                                    
*** Unchanged parts are omitted ***

Proposal 2-2:
As part of the network verified UE location basic UE feature, the UE shall support Nsample = [1] (to be confirmed by RAN4)

Proposal 3:
Conclusion
No need to modify the value of NR-TimingQuality for NTN


Proposal 4 (vivo):
For supporting Multi-RTT method in NTN, UE specific TA offset  based on which the UE pre-compensates the two-way transmission delay on the service link should be reported together with the UE Rx-Tx time difference from UE to LMF.

Proposal 5
Adopt the following TP for TS 38.213
--------------------------------------------------------- Start of TP for TS 38.213 ------------------------------------------------------------
11.5	Adaptation of cell operation
*** Unchanged parts are omitted ***
When a UE receives in slot  on the active DL BWP of a first serving cell a PDCCH providing DCI format 2_9 that indicates a change in activation or deactivation of a current cell DTX operation or cell DRX operation for a second serving cell, the UE operates on the second serving cell according to the indicated cell DTX operation or cell DRX operation starting from a slot on the active DL BWP or on the active UL BWP of the second serving cell, respectively, that is not before the beginning of the slot  on the active DL BWP of the first serving cell where  is a number of slots for the SCS of the active DL BWP of the first serving cell in Table 11.5-1. When a UE receives in slot  on the active DL BWP of a first serving cell a PDCCH providing DCI format 2_9 that indicates a change in activation or deactivation of a current cell DRX operation for a second serving cell, the UE operates on the second serving cell according to the indicated cell DRX operation starting from a slot on the active UL BWP of the second serving cell that is not before the beginning of the slot  on the active DL BWP of the first serving cell where  is a number of slots for the SCS of the active DL BWP of the first serving cell in Table 11.5-1,  is the cellSpecificKoffset if provided for the second serving cell or 0 otherwise,  is the SCS configuration of the active DL BWP of the first serving  cell, and for a cell that is provided with higher-layer ephemeris parameters the starting time of a slot is the starting time of the slot at the uplink time synchronization reference point of the cell.
*** Unchanged parts are omitted ***

------------------------------------------------------ End of TP for TS 38.213 ------------------------------------------------------------



[bookmark: _Toc102489800][bookmark: _GoBack]Conclusion 
RAN1#116 made the following agreements and conclusions:
Agreement
Confirm the following working assumption:
Working assumption
For UE RX-TX measurements in NTN, the time of the beginning of a subframe is determined by assuming the time durations of the OFDM symbols at the receiver are the same as defined in 38.211.

Agreement
The TP below is endorsed
------------------------------------------------------- Start of TP for TS 38.215  ------------------------------------------------------------
5.1.30	UE Rx – Tx time difference

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

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.
Multiple DL PRS or CSI-RS for tracking resources, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP. The time of the beginning of a subframe is determined by assuming the time durations of the OFDM symbols at the receiver are the same as defined in 38.211.
For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE


                                                    
*** Unchanged parts are omitted ***

Conclusion
No need to modify the value of NR-TimingQuality for NTN in Rel-18.

Conclusion
For supporting Multi-RTT method in NTN, UE specific TA offset  based on which the UE pre-compensates the two-way transmission delay on the service link should not be reported together with the UE Rx-Tx time difference from UE to LMF. No specification impact.

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

	R1-2400224
	vivo
	Proposal 4: For supporting Multi-RTT method in NTN, extend the timing quality resolution up to hundreds of meters so that up to 10km quality can be supported.
Proposal 5: For supporting Multi-RTT method in NTN, UE specific TA offset  based on which the UE pre-compensates the two-way transmission delay on the service link should be reported together with the UE Rx-Tx time difference from UE to LMF.


	R1-2400713
	Samsung
	Observation 1:  Reduced number of samples of PRS with Nsamples= 1 or 2 is already supported in legacy TN specifications based on UE capability supportedDL-PRS-ProcessingSamples.  

Proposal 1: RAN1 does not define a new capability for reduced number of samples of PRS and does not add a pre-requisite for the existing UE feature of multi-RTT UE location verification.


	R1-2400976
	Ericsson
	Observation 2	The network may configure a dense PRS configuration to cater to the UEs that do not support “supportedDL-PRS-ProcessingSamples” UE capability.
Proposal 2	The UE capability “supportedDL-PRS-ProcessingSamples” is not a pre-requisite for network verification of UE location.



	R1-2401377
	Huawei, HiSilicon
	Observation 1: If the RAN4 working assumption of single sample of PRS resource for UE Rx-TX measurement period is confirmed, using the current description of “UE Rx-Tx time different measurement period” to define the DL timing drift is reasonable. Otherwise, RAN1 may need to update the definition of measurement period for DL timing drift. 


	R1-2401422
	Qualcomm Incorporated
	Proposal 1: Confirm the following working assumption:
Working assumption
For UE RX-TX measurements in NTN, the time of the beginning of a subframe is determined by assuming the time durations of the OFDM symbols at the receiver are the same as defined in 38.211.

Proposal 2: Adopt TP1 for TS 38.215

Proposal 3: Adopt TP2 for TS 38.213
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