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Introduction
In RAN1 #112bis-e, the following agreement was made:
	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:
· [bookmark: _Hlk134539820]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: 
· 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



The following proposal was intensively discussed. However there was no agreements reached upon.
	Proposed working assumption
In NTN, for the definition of the gNB Rx – Tx time difference reported to the LMF, further discuss the following two options for the reference point of the definition:
Option 1: The uplink time synchronization reference point
[bookmark: _Hlk134791802]Option 2: The reference point is on the gNB 
Note: if option 1 and option 2 are both not feasible, RAN1 can consider defining the reference point on the satellite.



[bookmark: _GoBack]Also in RAN1 #112, the following agreement was made:
	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 this contribution we discuss several proposed options for enhancing UE Rx-Tx and gNB Rx-TX time differences.  We also discuss the reference point for gNB Rx-TX time difference and the mirror image issue. Throughout this document we focus only on the case that a single satellite is in view by the UE.

Discussion

Multi-RTT and Rx-Tx time differences
According to the agreement achieved in RAN1#112bis-e, there are 3 alternatives for the combination of UE Rx-Tx and gNB Rx-Tx time difference measurements. In the following we discuss the challenges of UE Rx-Tx time difference measurement in NTN:
1 [bookmark: _Hlk134534364]
2 
2.1 
UE Rx-Tx time difference
In NTN LEO scenario satellite is moving at a very high speed.  For instance in LEO-600, satellite speed is 7.56 km/s.  At such a high speed when satellite gets closer to or away from the UE, DL subframes received from the gNB at the UE shrink or expand from the UE point of view. This has been shown in Figure 1.  In this figure we assume that the UE located in the LEO-600 satellite orbital plane.  The satellite is in the view of the UE for almost 13 minutes.  As satellite gets closer to the UE, DL subframe duration observed by the UE could be shorter than 1 ms by almost 48 ns.  When satellite passes above the UE, DL subframe duration observed by the UE is almost 1 ms, and finally when satellite gets farther from the UE, DL subframe duration observed by the UE could be longer than 1 ms by almost 48 ns.  
    

[bookmark: _Ref134432777]Figure 1. Amount of DL subframe shrinkage or expansion as satellite gets closer to or away from the UE in a transparent payload.  

Figure 2 illustrates how DL subframe length observed by the UE changes as satellite passes over the UE.  


[bookmark: _Ref134435116]Figure 2. DL subframe length observed by a typical UE in LEO-600 scenario

The process of UE Rx-Tx time difference measurement may take at least tens of subframes.  The accumulative amount of DL subframe length measurement error after for example 20 subframes could be almost 1 us. From the above we can see that any solution for UE Rx-Tx time difference measurement that relies on counting the number of DL subframes and assuming that the DL subframe length observed by the UE is always constant will lead to inaccurate results for measuring UE Rx-Tx time difference and therefore for UE location using Multi-RTT method.   
Observation 1:  Any solution for UE Rx-Tx time difference measurement that relies on counting the number of DL subframes and assuming that the DL subframe length observed by the UE is always constant will lead to inaccurate results for measuring UE Rx-Tx time difference. 
Having the discussion above, we can see that the total absolute value of the UE Rx-Tx time difference should be reported to the network (e.g. LMF) to assure the accuracy of the measurement.  
[bookmark: _Hlk134546675]Observation 2: Reporting the total absolute value of the UE Rx-Tx time difference to LMF assures the accuracy of the measurement.  
In 38.133 [2] Section 10.1.25.3.1, the details of absolute UE Rx-Tx measurement report mapping is provided.  However, the assumption therein is based on TN, where it is safe to assume that the DL subframe duration observed by the UE is always fixed, because in TN gNBs are stationary.  That is why 38.133 provides reporting range for the absolute UE Rx-Tx time difference measurement from -985024Tc to 985024Tc with the resolution step of 2kTc.  k is defined there and takes values between 0 and 5 depending on measurement is done in FR1 or FR2. This means that the reported value for the UE Rx-Tx time difference is almost between -0.5 ms and +0.5 ms with different resolution steps.  The calculation of the remaining part of the UE Rx-Tx time difference is left to the LMF because it has the knowledge of subframes #i and #j indices that PRS and SRS are received and sent by the UE. And then assuming the constant subframe duration for TN, the total value of the UE Rx-Tx can be calculated by the LMF. 
[bookmark: _Hlk134534304]For NTN, however, this cannot be the case.  As we mentioned above, we cannot assume that the subframe duration observed by the UE is constant, and hence the total absolute value of the UE Rx-Tx time difference should be reported by the UE.  Therefore, it is necessary to extend the reporting range for the absolute UE Rx-Tx time difference measurement.  It is noted that we need to cover only positive values.  If the range is extended such that we cover from 0 to 229Tc, we can support up to 273 ms for the absolute UE Rx-Tx measurement reporting.  This value will be well enough for the distance between receiving PRS and transmitting SRS. The existing resolution step of 2kTc is satisfactory enough and does not need to be modified. 
Proposal 1 : For UE Rx-Tx time difference in NTN, UE reports the absolute time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS.
Proposal 2: Extend the range of UE Tx-Rx time difference to cover from 0 to 229Tc .

gNB Rx-Tx time difference
In the previous section we showed that for LEO-600 scenario due to high speed of the satellite, the length of the DL subframe observed by the UE may shrink or expand by up to 48 ns.  For UL transmission, since the UE adjusts the UL subframe timing based on the received DL signal, the length of the UL subframe observed by the gNB similarly may shrink or expand twice as much as DL subframe, i.e. up to 96 ns.  This is shown in Figure 3. 




[bookmark: _Ref134536372]Figure 3. Amount of UL subframe shrinkage or expansion as satellite gets closer to or away from the UE in a transparent payload.

In this case however, unlike UE Rx-Tx time difference, we should notice that: 
First, the UE occasionally makes autonomous adjustments to its own timing advance and subframe timing, based on the UE GNSS position and satellite ephemeris;
[bookmark: _Hlk134787482]Second, the UE receives timing advance command (TAC) from the gNB, once gNB observes that the UE timing is drifting away and the UE’s timing is getting out of sync. This is shown in Figure 4.
The above will ensure that UE stays in the Connected Mode.
[bookmark: _Hlk134787703]In Figure 4 we assume that satellite is approaching the UE, so the length of DL subframe observed by the UE is shrunk by and the length of UL subframe observed by gNB is shrunk by 2 



[bookmark: _Ref134538768]Figure 4. Possible autonomous TA adjustments by UE or received TAC 

For this reason it would be safe to assume that as long as gNB receives and decodes the SRS, the UE has successfully adjusted its UL timing. Therefore, during gNB Rx-Tx time difference measurement, the average length of the received UL subframes by gNB must have been 1 ms.  Having assumed that, gNB can measure gNB Rx-Tx time difference exactly the same way as the legacy approach as it is defined in TS 38.215.
[bookmark: _Hlk134544521]Proposal 3:  For gNB Rx-Tx time difference in NTN, gNB reports the gNB Rx-Tx time difference as it is defined in TS 38.215. 

Besides the reported gNB RX-Tx according to the above, LMF can use the time stamps of the PRS and SRS to calculate the time difference between the transmission of PRS and the reception of SRS.
[bookmark: _Hlk134543917]In the above discussion, how and when the UE makes autonomous TA adjustment and how and when gNB decides to send TAC to the UE depend on the UE and gNB implementations, respectively. However, one fact is clear and that is we cannot assume that the received timing of the UL subframes are perfect.  gNB may still receive and decode UL subframes that are within +/-CP/2 misalignment from the gNB DL 1 ms perfect subframe boundaries.  This will manifest as measurement error for gNB Rx-Tx time difference.   In our past contribution to RAN1‑112bis‑e [4], our simulation results show that with such a measurement error, it would be hard to fulfill the 10 km accuracy requirement for NTN network verified UE location. If the UE reports to LMF the aggregate value of the total autonomous TA adjustment as well as the TA adjustments due to TAC received from the gNB, then LMF will be able to calculate the time difference between the transmission of PRS and the reception of SRS more accurately.
[bookmark: _Hlk134544628][bookmark: _Hlk134544683][bookmark: _Hlk134796785]Proposal 4: UE reports to LMF the aggregate value of all autonomous TA adjustments and all TA adjustments due to TAC received from the gNB, that the UE has applied between the following: 1) TA seconds before receiving PRS in DL and 2) transmitting SRS in UL. 
Using all the information above LMF can calculate the accurate value for the time difference between the transmission of PRS and the reception of SRS.  
[bookmark: _Hlk134546728]Proposal 5: LMF will use the following to calculate the time difference between the transmission of PRS and the reception of SRS:
· The time stamps of PRS and SRS, 
· Reported by the UE: the aggregate value of all TA adjustments applied by the UE between the following: 1) TA seconds before receiving PRS in DL, and 2) transmitting SRS in UL.
· Reported by gNB:  gNB Rx-Tx time difference, as it is defined in TS 38.215.   
[bookmark: _Hlk74145913]
[bookmark: _Hlk134791086]Definition of reference point for gNB Rx-Tx
[bookmark: _Hlk134790437][bookmark: _Hlk134790882]In 38.215 along with the definition for gNB Rx-Tx for terrestrial networks that is defined as TgNB-RX – TgNB-TX, the reference points for TgNB-RX and TgNB-TX are also defined. Those reference points are defined by RAN4 to specify the physical locations for the measurements of TgNB‑RX and TgNB‑TX.  We assume that RAN4 will do the same for NTN.
[bookmark: _Hlk134791679]However, for the purpose of definition of gNB Rx-Tx in NTN from RAN1 viewpoint, it is suggested that we define a reference point as well.  We are not clear what purpose the definition of a reference point is going to serve for RAN1.  Nevertheless, if definition of a reference point for gNB Rx-Tx is thought to be necessary we believe the natural location for it should be at gNB:
[bookmark: _Hlk134791835]Proposal 6: For the definition of the gNB Rx – Tx time difference reported to the LMF, the reference point is on the gNB.  
Mirror positions ambiguity for Multi-RTT positioning
In [1] we studied the problem of mirror positions ambiguity for Multi-RTT positioning.  W showed that a NTN network may arrange the cell/beam pattern in a such way that the whole cell/beam is always located in one side of the satellite’s orbital plane as shown in Figure 5.  In practice, since the cells/beams are overlapped, to provide enough coverage all over the ground, there is still a region where some cells/beams, that are located exactly underneath the satellite’s orbital path, will be crossing the satellite’s orbital plane.  In this region the mirror image ambiguity will exist.  Figure 5, shows this region that appears as a strip under the satellite’s orbital path. We refer to this region as ambiguity strip.  The width of the ambiguity strip for a hexagonal cell/beam arrangement is half the radius of the cell/beam.


[bookmark: _Ref131523586]Figure 5. Beam/cell pattern is arranged to ensure no cells/beams is located directly underneath the satellite’s orbital path

Table 1 below shows the simulation results for the accuracy of horizontal position estimation for LEO-600. For the details of simulation assumptions and also other simulation results please refer to [1] and Appendix. 

[bookmark: _Ref131524632]Table 1. Accuracy of horizontal position estimation in meters, LEO-600
	
	Window for measurement
	10s
	20s
	40s

	
	Percentile
	50th
	95th
	97th
	50th
	95th
	97th
	50th
	95th
	97th

	Max measurement error
	+/-30ns
	49
	484
	861
	23
	223
	372
	11
	94
	166

	
	+/-50ns
	81
	827
	1410
	37
	344
	589
	18
	139
	238

	
	+/-100ns
	162
	1486
	2345
	78
	703
	1149
	36
	312
	516

	
	+/-200ns
	330
	3230
	4881
	161
	1360
	2192
	72
	557
	945



Our simulation results shows that with proper arrangement of cell footprint, even though the mirror positions ambiguity still exists, the 10 km requirement for location estimation error specified by WID can be satisfied.  
Observation 3:  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. 
Based on our simulation results and the observation made we think that it should be left to network implementation to minimize the effect of mirror positions ambiguity for Multi-RTT positioning.   
[bookmark: _Hlk134546769]Proposal 7: 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. 

Conclusion 
In this contribution we discussed the details of a Multi-RTT method that is appropriate for the network verified UE location for NTN. We also discussed the problem of mirror positions ambiguity that happens for Multi-RTT positioning.  We made the following observations:

Observation 1:  Any solution for UE Rx-Tx time difference measurement that relies on counting the number of DL subframes and assuming that the DL subframe length observed by the UE is always constant will lead to inaccurate results for measuring UE Rx-Tx time difference. 
Observation 2: Reporting the total absolute value of the UE Rx-Tx time difference to LMF assures the accuracy of the measurement.  
Observation 3:  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 UE Rx-Tx time difference in NTN, UE reports the absolute time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS.
Proposal 2: Extend the range of UE Tx-Rx time difference to cover from 0 to 229Tc .
Proposal 3:  For gNB Rx-Tx time difference in NTN, gNB reports the gNB Rx-Tx time difference as it is defined in TS 38.215. 
Proposal 4: UE reports to LMF the aggregate value of all autonomous TA adjustments and all TA adjustments due to TAC received from the gNB, that the UE has applied between the following: 1) TA seconds before receiving PRS in DL and 2) transmitting SRS in UL. 
Proposal 5: LMF will use the following to calculate the time difference between the transmission of PRS and the reception of SRS:
· The time stamps of PRS and SRS, 
· Reported by the UE: the aggregate value of all TA adjustments applied by the UE between the following: 1) TA seconds before receiving PRS in DL, and 2) transmitting SRS in UL.
· Reported by gNB:  gNB Rx-Tx time difference, as it is defined in TS 38.215. 

Proposal 6: For the definition of the gNB Rx – Tx time difference reported to the LMF, the reference point is on the gNB.  
Proposal 7: 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. 

Appendix
Table 2. Evaluation assumption for Multi-RTT positioning
	Parameter
	Description/Value

	Satellite Orbit
	600km, 1200km

	Number of satellite in view
	1 for single satellite case

	number of occasions used per positioning estimate
	3

	Minimum Elevation angle
	30 degrees

	Satellite 3dB Beamwidth
	4.4127 degrees

	Satellite beam diameter at nadir
	LEO-600: 46 km
	LEO-1200: 92 km

	Ambiguity strip
	LEO-600: 11.5 km
	LEO-1200: 23 km

	Time window for measurement collection
	10s, 20s, 40s

	Reference point for timing measurement
	Satellite

	UE speed
	3km/h

	Maximum timing measurement error
	30ns, 50ns, 100ns, 200ns
2.35us for TA method 

	Timing measurement error distribution
	Uniform

	Performance metrics
	Horizontal accuracy (UE 2D position accuracy)
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