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In RAN1#113 [1], the enhancement on UE and gNB Rx-Tx time difference measurements was discussed but no further down selection on the following alternatives.
	[bookmark: _Hlk134451567]Agreement
For RTT determination in NTN, discuss further the accuracy, and reporting details of combinations of the following UE and gNB receive-transmit time difference measurements:
· Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 1: The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted
· Alt-2: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 2: The LMF will use the time stamp of the PRS and the time stamp of SRS to calculate the time difference between the transmission of PRS and the reception of SRS
· Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4
      FFS: One or multiple SRS can be used in determining the arrival time
      FFS: Additional enhancement including additional information to be reported, if justified
Note 3: The impact of UE autonomous adjustment of TA (when applied) should be taken into account
Note 4: The gNB Rx-Tx time difference option in the above alternatives may need updates accordingly based on the outcome of discussion on reference point for the gNB Rx – Tx time difference


In RAN#100 [2], TSG-RAN tasks RAN1 to focus its network verified UE location work on Alt-1. In this contribution, the views on the details of Alt-1 are elaborated. In addition, how to solve the mirror position ambiguity is also discussed. 
Enhancement on multi-RTT method with single satellite
2.1 Enhancement on UE and gNB Rx-Tx time difference
As mentioned above, TSG-RAN tasks RAN1 to focus on Alt-1 for network verified UE location in RAN#100, i.e.,
· 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
It should be noticed even in this Alt-1, comparison between Option-1 and Option-3 should be further investigated. To facilitate the discussion, the details of option 3 and option 1 of UE Rx-Tx time difference are listed below.
	· 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 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.


In general, option 3 shares same target as option 1, i.e., to report the time difference between DL subframe #i and UL subframe #i. However, different from option 1 (i.e., directly revise the definition of UE Rx-Tx time difference), the option 3 tries to reuse the legacy UE Rx-Tx time difference definition with introduction of an additional integer offset to reflect the part of time difference which exceeds the value range, i.e., [-0.5ms 0.5ms] of legacy UE Rx-Tx time difference. 
However, with consideration of timing drift caused by satellite mobility, the result of option 3 will not be equal to the result of option 1. As shown in Figure 1, assuming UL subframe #j is the nearest UL subframe corresponding to DL subframe #i, the result of option 1 will be equal to X+Y, i.e., the legacy UE Rx-Tx time difference (denoted as X) plus the offset between UL subframe #i and UL subframe #j (denoted as Y), while the result of option 3 will be equal to X+Z, i.e., the legacy UE Rx-Tx time difference plus the rounding time difference between UL subframe #i and DL subframe #i (denoted as Z). If no timing drift is considered, the interval between the transmit time of adjacent UL subframes will be equal to 1ms and Y will be equal to Z. Then option 3 and option 1 will be same. However, if timing drift is considered, for example when the satellite is approaching the UE, the interval between the transmit time of adjacent UL subframes may be larger than 1ms due to decreasing TA. As a result, Y is not an integer and will be different from Z. Then, the result of option 3, i.e., X+Z, will not be equal to the target time difference between DL subframe #i and UL subframe #i, i.e., X+Y. With this consideration, option 1 of UE Rx-Tx time difference should be selected for Alt-1 due to its higher accuracy. 
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[bookmark: _Ref141261430]Figure 1 Illustration of inaccuracy of option 3
Observation 1: The combination of legacy UE Rx-Tx time difference and an integer offset in option 3 is not equivalent to the time difference between UL subframe #i and DL subframe #i defined in option 1 due to the impact of timing drift.
Proposal 1: Option 1 of UE Rx-Tx time difference should be selected for Alt-1 due to its higher accuracy.
Moreover, option 1 and option 3 of UE Rx-Tx time difference are measured based on DL-PRS only. Therefore, the timing drift between the time DL-PRS is received and the time SRS is transmitted should be considered in both options. In order to handle the impact of timing drift, following proposal was discussed in RAN1#113 [1], which lists the potential enhancements:
	Proposal  1-1-3
To take into account the impact on Alt1 of the timing drift between the time DL-PRS reception is received and the time the SRS is transmitted, select one of the following options:
· Option 1: UE transmits SRS within a duration shorter than 160 ms of at least one DL PRS resource
· FFS: The value of this shorter duration
· Option 2: This timing drift is directly compensated into the reported UE Rx-Tx time difference
· Option 3: This timing drift is reported within a separate report 


Among the three options to handle the timing drift, option 3 will lead to additional signaling overhead, which is not preferred. Option 2 is able to avoid the signaling overhead in option 3. However, option 2 may also have spec impact, e.g., specifying that timing drift is compensated in the reported UE Rx-Tx time difference. Compared with option 2 and 3, option 1 can avoid signaling overhead as well as significant spec impact. Hence, option 1 to handle the timing drift between PRS and SRS should be selected with consideration that the solution should be determined in this meeting. 
As for the value of the shorter duration between PRS and SRS, it depends on the tolerable RTT measurement error. Assuming RTT measurement error to be 1us and other parameters same as in [3], the simulation results of 2D multi-RTT positioning without consideration of mirror point ambiguity are as listed in Table 1, where δ denotes the interval between adjacent RTT measurements.
[bookmark: _Ref115129189]Table 1 Positioning error performance for multi-RTT without consideration of ambiguity issue
	
	2D positioning

	
	CDF=80%
	CDF=90%
	CDF=95%

	δ=5s
	1.8 km
	4.0 km
	7.1 km

	δ=10s
	1.7 km
	3.6 km
	6.7 km

	δ=30s
	2.0 km
	4.4 km
	7.7 km

	δ=60s
	4.0 km
	7.9 km
	11.2 km


From Table 1, it can be observed that the 6.7km@95% positioning error can be achieved even with the assumption of 1us RTT measurement error. For LEO-600, the maximum TA drift rate can be 90.7 us/s when elevation angles of static UE and gNB are both 10°. Therefore, by assuming 10ms duration between PRS and SRS, the measurement error caused by timing drift is at most 90.7us/s*10ms=0.907us, which is smaller than 1us and tolerable. Hence, for option 1, 10ms duration between PRS and SRS can be considered for restriction. Note that 10ms is a conservative selection. If 10km positioning error is assumed with lower CDF threshold, longer duration between PRS and SRS can be considered.
Proposal 2: To consider the impact on Alt1 of the timing drift between the time DL-PRS is received and the time SRS is transmitted, select following option for low signaling overhead and specification effort:
•	Option 1: UE transmits SRS within a duration shorter than 160 ms of at least one DL PRS resource
Proposal 3: For option 1, the maximum duration between SRS and PRS can be set as 10ms. That is, UE transmits SRS within [-10, 10] ms of at least one DL PRS resource.
2.2 Reference point for gNB Rx-Tx time difference
In RAN1#113 [1], the RP for gNB Rx-Tx time difference measurement report was discussed and following working assumption is achieved:
	[bookmark: _Hlk141452226]Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.


In previous section, it has been mentioned that TSG-RAN tasks RAN1 to focus its network verified UE location work on Alt-1, where gNB Rx-Tx time difference as defined in TS 38.215. In legacy TN, the UL and DL subframes are aligned at gNB so that the gNB Rx-Tx time difference is mainly to mitigate the residual UL error at UE, whose value range can be small. While NTN, the UL and DL subframes are aligned at uplink time synchronization reference point (UTSRP). Hence, in order to reuse current gNB Rx-Tx time difference as defined in TS 38.215, the RP for gNB Rx-Tx time difference calculation should be set at UTSRP to keep the value range of the result within -0.5ms~0.5ms. If the RP is at gNB or satellite, the value range of reported gNB Rx-Tx time difference will be larger and additional signaling overhead or spec effort will be needed. With above consideration, the working assumption should be confirmed
Proposal 4: Confirm the working assumption below:
	Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.


2.3 Assistance data for location verification
In RAN1#113 [1], for the assistance information report in location verification, following agreements were achieved:
	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. 


Firstly, it is agreed that ephemeris of satellite should be available at LMF. Then the LMF can obtain the satellite positions at difference time instance. However, ephemeris is generated by NCC. If NCC directly indicate the ephemeris to gNB or gateway, the location verification module at CN may not know this information. Hence, unless new interface between NCC and CN is ensured, the ephemeris should be transferred to CN by gNB. 
Proposal 5: Ephemeris report from gNB to LMF should be supported for location verification. 
Secondly, transferring common TA information to LMF is agreed to be reported at least from gNB. Since there is working assumption that RP of gNB Rx-Tx time difference calculation is set at UTSRP, the common TA should be known by LMF to calculate service link RTT which is finally used for geometry-based location verification. In our view, since common TA information report from gNB is already agreed to be supported, there is no need of additional report of common TA information from UE.
Proposal 6: No need to support common TA information report from UE to LMF with consideration that common TA information report from gNB has been agreed supported. 
Solving mirror image ambiguity
When only single satellite is in view, the anchor points will be in the same plane. As a result, the multi-RTT method cannot resolve the actual position and the mirror point. In order to handle the image ambiguity, RAN1 has made following agreement in RAN1#112, which lists potential options for enhancement. In RAN1#113, the options were discussed and option 1, option 2, and option 6 have received more supports. However, no down selection is finally performed.
	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



In our view, the mirror image ambiguity can be solved by implementation or reusing existing methods and additional enhancement is not needed. The UE actual position and mirror position can be located in different cells. In this case, network is easy to solve the mirror image ambiguity based on the coverage area of the cell which UE locates in. The cell which UE locates in can be known via the cell ID included in RTT measurement report, which is already implemented in current specification. Hence, it is an implementation issue to solve the ambiguity issue in this case. Even if the actual position and mirror position are within same cell, the UE position can also be identified based on the neighbor RSRP measurements or UL-AoA, which are also implementation issue. Overall, the mirror image ambiguity issue can be solved based on implementation. Option 1 should be adopted and no spec impact is needed.
Proposal 7: Mirror image ambiguity when single satellite is in view can be solved through implementation based on without spec impact.
Conclusions
In this contribution, analysis on network verified UE location for NR-NTN is conducted with following proposals and observations:
Observation 1: The combination of legacy UE Rx-Tx time difference and an integer offset in option 3 is not equivalent to the time difference between UL subframe #i and DL subframe #i defined in option 1 due to the impact of timing drift.
Proposal 1: Option 1 of UE Rx-Tx time difference should be selected for Alt-1 due to its higher accuracy.
Proposal 2: To consider the impact on Alt1 of the timing drift between the time DL-PRS is received and the time SRS is transmitted, select following option for low signaling overhead and specification effort:
•	Option 1: UE transmits SRS within a duration shorter than 160 ms of at least one DL PRS resource
Proposal 3: For option 1, the maximum duration between SRS and PRS can be set as 10ms. That is, UE transmits SRS within [-10, 10] ms of at least one DL PRS resource.
Proposal 4: Confirm the working assumption below:
	Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.


Proposal 5: Ephemeris report from gNB to LMF should be supported for location verification.
Proposal 6: No need to support common TA information report from UE to LMF with consideration that common TA information report from gNB has been agreed supported. 
Proposal 7: Mirror image ambiguity when single satellite is in view can be solved through implementation based on without spec impact.
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