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In RAN#1 114, a couple of agreements have been achieved on network-verified location for NR NTN [1]. In this contribution, remaining issues to support Multi-RTT positioning are discussed.

Remaining issues to support Multi-RTT positioning
To report the UE/gNB Rx-Tx time difference, the following agreements have been achieved:
	Agreement
The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the following: 
· UE reports the actual index difference between subframe j and subframe i 
· The uplink subframe j is closest in time to the DL subframe #i received from the TP 
· The DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported

Agreement
Confirm the working assumption with the additional note below:

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



After the endorsement of CR for TS38.215 [2], additions for UE Rx-Tx time difference measurement offset and DL timing drift are added into Rel-18 TS 38.215 as the following:
	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.

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 ***
5.1.46	UE Rx – Tx time difference offset

	Definition
	UE Rx – Tx time difference offset is the actual index difference between subframe #j and subframe #i of the subframes used for the UE Rx – Tx time difference measurement as defined in Clause 5.1.30, where uplink subframe #j is the closest in time to the DL subframe #i received from a transmission point (TP) [18].

For frequency range 1, the reference point for UE Rx – Tx time difference offset measurement shall be the same antenna connectors as defined in Clause 5.1.30 for the UE Rx – Tx time difference measurement. For frequency range 2, the reference point UE Rx – Tx time difference offset measurement shall be the same antenna as defined in Section 5.1.30 for of the UE Rx – Tx time difference measurement.

	Applicable for
	RRC_CONNECTED



5.1.47	DL timing drift

	Definition
	DL timing drift measurement is defined as the DL timing estimated to be shifted due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period.

For frequency range 1, the reference point for the DL timing drift measurement shall be the Rx antenna connector of the UE. For frequency range 2, the reference point for the DL timing drift measurement shall be the Rx antenna of the UE. 

	Applicable for
	RRC_CONNECTED


*** Unchanged parts are omitted ***


There was some discussion raised that “actual index difference” may not be a proper wording in the specification in the email discussion regarding the CR for TS 38.215. Considering this, we propose the following update based on the Rel-18 TS 38.215:
Proposal 1: Adopt the following TP for TS 38.215 to update the wording of “actual subframe index”:
· reason for change: Editor suggests a suitable specification wording rather than the “actual subframe index” used in the agreement.
· summary of change: Use the specification wording to replace “actual subframe index”.
· consequences if not approved: The description may not be suitable for specification.
· proposed TP:
	[bookmark: _Hlk86776043]TP#1 for TS38.215
*** Unchanged parts are omitted ***
5.1.46	UE Rx – Tx time difference offset
	Definition
	UE Rx – Tx time difference offset is the actual subframe index difference between the subframe #j and the uplink subframe corresponding to the DL subframe #i of the subframes that are used for the UE Rx – Tx time difference measurement as defined in Clause 5.1.30, where uplink subframe #j is the closest in time to the DL subframe #i received from a transmission point (TP) [18].

For frequency range 1, the reference point for UE Rx – Tx time difference offset measurement shall be the same antenna connectors as defined in Clause 5.1.30 for the UE Rx – Tx time difference measurement. For frequency range 2, the reference point UE Rx – Tx time difference offset measurement shall be the same antenna as defined in Section 5.1.30 for of the UE Rx – Tx time difference measurement.

	Applicable for
	RRC_CONNECTED






According to the discussion in [3], the RTT between UE and UTSRP is derived from gNB Rx-Tx time difference and TA2 as shown in Figure 1, where TA2 is the TA applied for the uplink subframe #l containing SRS. Whereas due to the Doppler associated with the service link, the sum of legacy UE Rx-Tx time difference and the actual subframe index difference between uplink subframe #j and uplink subframe #i may not exactly equal to TA2. Therefore, the DL timing drift should also be additionally reported, as agreed in RAN1#114. To ensure the accuracy, timing drift should consider variations of durations of the subframes corresponding to the TA1 associated with uplink subframe #i, and the TA difference between TA1 and TA2. Thus, the UE Rx-Tx time difference measurement period should be defined as the duration from uplink subframe #i to uplink subframe #l containing SRS. 

 
Figure 1 Illustration of RTT calculation

Proposal 2: Adopt the following TP for TS 38.215 to clarify the definition of “measurement period”:
· reason for change: it is suggested to clarify the definition of measurement period for DL timing drift reporting during email discussion after RAN1#114.
· summary of change: Define the measurement period as the time duration from uplink subframe #i to uplink subframe #l containing SRS.
· consequences if not approved: The specification is not complete and there is no definition of measurement period in DL timing drift reporting.
· proposed TP:
	TP#2 for TS38.215
5.1.47	DL timing drift

	Definition
	DL timing drift measurement is defined as the DL timing estimated to be shifted due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period., which is the time duration from uplink subframe #i to uplink subframe #l containing SRS.

For frequency range 1, the reference point for the DL timing drift measurement shall be the Rx antenna connector of the UE. For frequency range 2, the reference point for the DL timing drift measurement shall be the Rx antenna of the UE. 

	Applicable for
	RRC_CONNECTED






It is also worth noting that in multi-RTT positioning for NTN, UE measures the time difference of downlink signals from the same satellite at different measurement occasions, which correspond to different locations of the same satellite, while the corresponding Rx-Tx time difference at the satellite are measured by gNB. As discussed in [4], the positioning accuracy improves with the increasing of time interval between different measurement occasions. Under the relatively large time intervals between different measurement occasions, the Doppler associated with each measurement occasion is also in general different. Therefore, to ensure the accuracy, the DL timing drift due to Doppler over the service link should be reported together with UE Rx-Tx time difference at each measurement occasion. 
Proposal 3: The DL timing drift due to Doppler over the service link should be reported by UE with each associated UE Rx-Tx time difference measurement and UE Rx – Tx time difference offset. 
RRC parameters
According to the revised WID [5], the network verified UE location is an optional feature:
… …
Note 7 : Network verified UE location is an optional UE feature

Thus a new high-layer parameter is preferred to be introduced to indicate UE’s capability of whether supporting this feature or not, e.g., ue-CapabilityLocationVerification. And the corresponding parameter can be included in UECapabilityInformation.
Proposal 4: A new RRC parameter is needed at UE for indicating whether it supports the feature of location verification or not, e.g., ue-CapabilityLocationVerification.

As for the configurations of PRS and SRS, the existing mechanisms proposed in [6] can be reused such that no new RRC parameters are needed.

Conclusion
In this contribution, network-verified UE location in NTN is discussed. The proposals are summarized as the following. 
Proposal 1: Adopt the following TP for TS 38.215 to update the wording of “actual subframe index”:
· reason for change: Editor suggests a suitable specification wording rather than the “actual subframe index” used in the agreement.
· summary of change: Use the specification wording to replace “actual subframe index”.
· consequences if not approved: The description may not be suitable for specification.
· proposed TP:
	TP#1 for TS38.215
*** Unchanged parts are omitted ***
5.1.46	UE Rx – Tx time difference offset
	Definition
	UE Rx – Tx time difference offset is the actual subframe index difference between the subframe #j and the uplink subframe corresponding to the DL subframe #i of the subframes that are used for the UE Rx – Tx time difference measurement as defined in Clause 5.1.30, where uplink subframe #j is the closest in time to the DL subframe #i received from a transmission point (TP) [18].

For frequency range 1, the reference point for UE Rx – Tx time difference offset measurement shall be the same antenna connectors as defined in Clause 5.1.30 for the UE Rx – Tx time difference measurement. For frequency range 2, the reference point UE Rx – Tx time difference offset measurement shall be the same antenna as defined in Section 5.1.30 for of the UE Rx – Tx time difference measurement.

	Applicable for
	RRC_CONNECTED






Proposal 2: Adopt the following TP for TS 38.215 to clarify the definition of “measurement period”:
· reason for change: it is suggested to clarify the definition of measurement period for DL timing drift reporting during email discussion after RAN1#114.
· summary of change: Define the measurement period as the time duration from uplink subframe #i to uplink subframe #l containing SRS.
· consequences if not approved: The specification is not complete and there is no definition of measurement period in DL timing drift reporting.
· proposed TP:
	TP#2 for TS38.215
5.1.47	DL timing drift

	Definition
	DL timing drift measurement is defined as the DL timing estimated to be shifted due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period., which is the time duration from uplink subframe #i to uplink subframe #l containing SRS.

For frequency range 1, the reference point for the DL timing drift measurement shall be the Rx antenna connector of the UE. For frequency range 2, the reference point for the DL timing drift measurement shall be the Rx antenna of the UE. 

	Applicable for
	RRC_CONNECTED





Proposal 3: The DL timing drift due to Doppler over the service link should be reported by UE with each associated UE Rx-Tx time difference measurement and UE Rx – Tx time difference offset.
Proposal 4: A new RRC parameter is needed at UE for indicating whether it supports the feature of location verification or not, e.g., ue-CapabilityLocationVerificationd.
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