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Introduction
In RAN1#113 meeting, the following agreements were made on the network verified location [1]:
Agreement
For network verified UE location in NTN, satellite ephemeris information should be available at the LMF.

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

Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.

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



In this contribution, we present our views on the normative work for supporting the network verified location.

Discussion


Definition of the Rx-Tx time difference measurement 
For the multi-RTT based solution, it makes use of the UE Rx-Tx time difference measurements of downlink signals received from the same satellite at multiple different instants (i.e. DL-PRS), measured by the UE reported to the CN and the measured gNB Rx-Tx time difference measurements, of uplink signals transmitted from UE (i.e. UL-SRS) at multiple time instants. In the legacy design, 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), 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. The reported range of the UE Rx – Tx time difference is -985024Tc to 985024Tc which results in a range of [-0.5ms, 0.5ms].

The estimated RTT can be calculated by the following equation as illustrated in the figure 1 below:



Where,  and  are the gNB Rx-Tx time difference measurements and UE Rx-Tx time difference measurements defined as in the legacy design respectively. The  and  can be derived by the LMF by time  stamp information along with the gNB and UE’s  Rx_Tx time difference reported. 
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Figure 1: Illustration of the multi-RTT solution
It was endorsed in RAN plenary meeting that RAN1 should be focus on Alt 1 for the combination of UE and gNB receive-transmit time difference measurements. However, one issue that was extensively discussed in previous meeting is impact of the timing error to the positioning accuracy as illustrated in figure 2 below. The UE determines its Rx_Tx timing difference based on the PRS reception in subframe i. However, the UE may perform autonomous TA adjustment between the PRS reception and SRS transmission. The TA applied to the SRS transmission may be different compared to the UL timing when the DL PRS is received. 
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Figure 2: Illustration of the timing drift 
The maximum timing error could be up to 29*64*Tc or 944ns in FR1 with 15kHz SCS which has large impact on the positioning accuracy. In order to resolve this issue, several alternatives have been proposed:
· Alt 1: confine the gap between the a PRS reception and an SRS transmission
In the legacy design, UE is required to transmit SRS within [-160, 160] msec of a slot where the PRS is received. However, the SRS that is utilized at the gNB side to derive the gNB’s Rx_Tx timing difference is up to the gNB’s implementation which is unknown to the UE. Thus, even with Alt 1, it cannot be guaranteed that the timing drift can meet the required accuracy
· Alt 2: UE report the timing drift
The timing drift at the UE side is impacted by the UE and Sat’s mobility condition. In this alternative, UE can report its timing drift rate to the LMF along with the reported Rx_Tx timing difference. The LMF can derive the accurate positioning calculation based on the UE’s and gNB’s Rx_Tx timing difference along with the time stamp.
· Alt 3: The TA difference can be directly compensated into the reported UE Rx-Tx time difference, as UE implementation
Proposal 1: The legacy R17 definition of UE Rx-Tx time difference and gNB Rx-Tx time difference is adopted for NTN
Proposal 2: The time stamp can be reported along with the UE Rx-Tx time difference and gNB Rx-Tx time difference to the LMF to derive the actual time difference between the PRS and SRS.
Proposal 3: The UE can report its timing drift rate along with the reported Rx_Tx timing difference to LMF.

Mirror error issue
For the mirror error issue where the estimated UE location might lie at two points that are symmetric around satellite’s orbit in timing-based positioning methods. Several options have been identified as the candidate solutions. Note that this is also discussed in RAN2 and it is agreed that in order to resolve the mirror point ambiguity issue, the network relies on the legacy signaling and procedure to configure NTN UE to measure and report neighbor cells or reference signals/beams
Proposal 4: 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.



Conclusions
In this contribution, we present the discussion on the network verified location. Based on our analysis, we have the following observations and proposals:

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

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