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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#1 112bis-e [1], discussion on network-verified UE location for NR NTN has been carried out and an agreement has been achieved. In this contribution, we provide our views to support Multi-RTT based location verification assuming a single satellite in view. 

Enhancements to Rx-Tx time difference measurements
In multi-RTT positioning for NTN, UE measures the time difference (Rx-Tx) of downlink signals from the same satellite at different time occasions, which correspond to different locations of the same satellite, while the corresponding Rx-Tx time difference at the satellite are measured by gNB. The corresponding measurements are typically used to determine RTTs at the positioning server, i.e., LMF, which are further used to estimate the location of the UE together with the coordinates of the satellite at different measurement occasions. 
Therefore, some enhancements are essential for the single-satellite based location verification compared with TN positioning. Some progress was made in RAN#1 112bis-e [1] to further narrow down among the three alternatives with respect to how to combine options of UE Rx-Tx time difference and options of gNB Rx-Tx time difference to jointly figure out the RTT between satellite and UE. 
	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 this section, further analyses are provided for different alternatives with respect to combinations of UE Rx-Tx time difference and gNB Rx-Tx time difference.

Analyses on Alt-2 & Alt-3
Both Alt-2 and Alt-3 suggest to measure UE Rx-Tx time difference based on Option 2, i.e., the time difference between the arrival time of PRS and the transmit time of SRS, as illustrated in Figure 1.


[bookmark: _Ref134715003]Figure 1 RTT determination based on Alt-2 and Alt-3

The issue of Option 2 is that the reported Rx-Tx time difference depends on which PRS and SRS are explicitly coupled for measurement. Depending on the time gap between the PRS and SRS, the reported Rx-Tx time difference would be quite different within a large range. In TS 38.133 [2], requirements for UE Rx-Tx time difference measurements are given by:
The requirements in clause 9.9.4 apply for periodic and triggered UE Rx-Tx time difference measurements, provided:
-	UE Rx-Tx time difference measurement related side conditions given in clause 10.1.25 are met for a corresponding band. 
-	SRS is configured on at least one of the PCell, PSCell and SCell. 
-	The UE transmits SRS within [-160, 160] msec of at least one DL PRS resource of each of the TRPs in the assistance data.

To satisfy the requirements of UE Rx-Tx time difference measurement, UE is required to transmit SRS within [-160, 160] msec of a slot where receiving PRS. Therefore, optimally, Option 2 will result in an excessively large reporting range of UE Rx-Tx time difference to accommodate the maximum value, which is up to 160ms in companion with significant overhead, i.e., requiring  = 30bits under the resolution step  (). According to Table 13.2.1-1 in [2], since legacy gNB Rx-Tx time difference needs 1970050 values for report mapping under the resolution step , legacy gNB Rx-Tx time difference requires = 21bits. Therefore, in total Alt-2 needs at least 51 bits to indicate UE Rx-Tx difference and gNB Rx-Tx time difference.
As for Option 4 in Alt-3, gNB Rx-Tx needs to be expanded to include both RTT and UE Rx-Tx time difference, which will also result in significant overhead. For instance, for a LEO satellite at an altitude of 600km with the maximum RTT equal to 25.77ms as given in Table 4.2-2 in [3], at least  = 30bits are required. Therefore, for Alt.3, at least 60bits signaling overhead needs to be used to carry Option 2 of UE Rx-Tx time difference and Option 4 of gNB Rx-Tx time difference.
Observation 1: Both Alt-2 and Alt-3 will require significant overhead, i.e., at least 51bits for Alt-2 and 60bits for Alt-3 under the resolution step , to accommodate the excessively large reporting range. 

In Alt-2, the time gap between the PRS subframe and SRS subframe is obtained based on the timestamp reported by the gNB. And the obtained time gap is subtracted from the reported option 2 of UE Rx-Tx time difference. This is actually the waste of the uplink resource to report unnecessary information.

In TN, either UE Rx-Tx time difference or gNB Rx-Tx time difference can be determined by averaging based on the measurements via multiple PRS and SRS, respectively, and there is no requirement to specify the coupling relationship between the downlink subframes containing PRS and the uplink subframes containing SRS. As for Alt-2 and Alt-3, which rely on the reception of PRS and transmission of SRS at UE and the transmission of PRS and the reception of SRS at gNB, the associated transmitting time and the reception time need to be calculated from one PRS and one SRS. Depending on only one PRS and one SRS will cause larger estimation error to determine RTT, and also will require the successful detection of RS. Meanwhile, legacy UE Rx-Tx definition and Alt-1 can obtain more accurate UE Rx-Tx time difference based on the measurements over multiple PRS subframes. 
Observation 2: In both Alt-2 and Alt-3, UE Rx-Tx time difference based on the reception time of one PRS and the transmitting time of one SRS suffers larger estimation error compared with UE Rx-Tx definition in Alt-1, which can obtain more accurate UE Rx-Tx time difference based on the measurements over multiple PRS subframes.

Moreover, the coupling relationship between the PRS and the SRS needs to be explicitly reported or specified in Alt-2 and Alt-3, otherwise it is not feasible for LMF to calculate the correct RTT values. As illustrated in Figure 2, if gNB Rx-Tx time difference is derived from downlink subframe # and uplink subframe #, and UE Rx-Tx time difference is derived from downlink subframe # and uplink subframe # other than downlink subframe #, the RTT estimation shall be incorrect with an error of the duration of one subframe, e.g., 1ms, which obviously will cause unnecessary verification failure. Therefore, the combination relationship between (subframe#i, subframe#l) or (subframe#k, subframe#l) needs to be reported to LMF, which shall introduce additional signaling overhead and standard/implementation complexity.
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[bookmark: _Ref133530884]Figure 2 RTT determination based on Alt-2 and Alt-3.
Observation 3: To ensure the correct determination of RTT based on Alt-2 and Alt-3, the coupling relationship between the PRS and the SRS needs to be explicitly specified or reported. 

Analyses on Alt-1
As for Alt-1, it keeps the legacy gNB Rx-Tx time difference and reports the UE Rx-Tx time difference via the legacy UE Rx-Tx time difference and an offset that is determined based on subframe difference, such that signaling overhead can be saved. In particular, as illustrated in Figure 3, on UE side, besides following legacy UE Rx-Tx time difference to obtain TUE-RX – TUE-TX based on downlink subframe #, where the DL PRS/CSI-RS is received, and its closest uplink subframe #, UE needs to additionally report the subframe difference between uplink subframe # and uplink subframe #, i.e., . The sum of TUE-RX – TUE-TX and  is equal to the TA applied at UE for subframe # and is represented as TA1 here. It is worth noting that legacy UE Rx-Tx time difference requires 21bits under the resolution step  (), which is similar as legacy gNB Rx-Tx time difference. And , which is reported in the unit of subframes, only requires 5bits for the satellite at an altitude of 600km.
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[bookmark: _Ref133497280]Figure 3 RTT calculation with Alt-1: UE Rx-Tx time difference based on Option 3 and legacy gNB Rx-Tx time difference.

There is also some discussion regarding the reference point for the definition of gNB Rx-Tx time difference. In this section, we use gNB as the reference point as examples. At gNB side, in addition to reporting the legacy gNB Rx-Tx time difference TgNB-RX – TgNB-TX based on uplink subframe #, where the SRS is received, and its closest downlink subframe #, an additional offset  to denote the subframe difference between downlink subframe # and downlink subframe # should be also transferred to the LMF. It should be noted that if uplink timing reference point is used as the reference point for the definition of gNB Rx-Tx time difference, the  just equals to 0, and the uplink timing and downlink timing difference is within +/- 0.5ms.
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[bookmark: _Ref133499231]Figure 4 RTT between gNB and UE based on subframe #.

As demonstrated in Figure 4, assuming TA applied of uplink subframe # on UE side as TA2, then the RTT between gNB and UE can be represented as:
RTTUE-gNB =  +( TgNB-RX – TgNB-TX ) + TA2.
It is worth mentioning that the applied value of TA2 on subframe # may not be exactly known by gNB and LMF. Whereas, TA2 can be figured out by using the UE reported  and TUE-RX – TUE-TX:
TA2 = TA1 + (TA2-TA1) =  + TUE-RX – TUE-TX + ∆TA,
where ∆TA = (TA2-TA1).
Therefore, finally, the RTT between gNB and UE can be obtained by:
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where:
·   and TUE-RX – TUE-TX are the reporting metrics in Option 3-1 of UE Rx-Tx time difference for NTN;
·  and TgNB-RX – TgNB-TX are the quantities for gNB Rx-Tx time difference for NTN;
· ∆TA is the applied TA change/difference between the two timing advance applied on subframe#i and subframe#l.

Regarding the TA difference/TA drift, i.e. the ∆TA, there were some discussions mentioned in RAN1#112bis offline discussion. In general, three considerations are proposed:
Option 1: if the reception time of PRS and the transmission time of SRS is within certain duration, the impact due to TA drift could be marginal;
Option 2: the TA difference can be reported in addition;
Option 3: the TA difference can be directly compensated into the reported UE Rx-Tx time difference, as UE implementation;

For option 1, since in TS 38.133 [2], the requirement regarding SRS transmission requires that SRS needs to be transmitted within 160msec of receiving a PRS. Within such a time duration, the change of TA between the two associated subframes for positioning is actually marginal, e.g., less than 200ns under the simulation assumption in [4], and its influence on location verification is also expected to be negligible. Simulation results are given as the following to further demonstrate the limited impact of TA changes on location verification.
In what follows, simulation results are provided to evaluate the impact of UE autonomous adjustment of TA on positioning based on the assumption that UE transmits SRS in 160ms after receiving PRS. Simulations parameters are the same as those in [4] and are given in Appendix A.1. Simulation results of the positioning error with TA difference report and without TA difference report are summarized in Table 1 and Table 2, respectively. 
Table 1 Positioning error of Multi-RTT with TA difference report 
	
	
	50%
	67%
	80%
	90%
	95%

	
Positioning error under 3RTTs (km)
	2
	1.16
	1.71
	2.60
	4.07
	6.49

	
	4
	0.71
	1.05
	1.51
	2.15
	2.99

	
	8
	0.49
	0.74
	1.03
	1.44
	2.55

	
	12
	0.37
	0.53
	0.74
	1.07
	1.93



	
	
	50%
	67%
	80%
	90%
	95%

	
Positioning error under 4RTTs (km)
	2
	0.97
	1.44
	2.02
	3.21
	5.06

	
	4
	0.60
	0.87
	1.22
	1.72
	2.44

	
	8
	0.41
	0.61
	0.85
	1.25
	2.13

	
	12
	0.33
	0.45
	0.61
	0.89
	1.83



Table 2 Positioning of Multi-RTT without TA difference report
	
	
	50%
	67%
	80%
	90%
	95%

	
Positioning error under 3RTTs (km)
	2
	1.56
	2.19
	2.81
	4.02
	6.29

	
	4
	1.34
	1.64
	2.03
	2.59
	3.32

	
	8
	1.27
	1.49
	1.77
	2.18
	2.91

	
	12
	1.22
	1.38
	1.54
	1.83
	2.26



	
	
	50%
	67%
	80%
	90%
	95%

	
Positioning error under 4RTTs (km)
	2
	1.42
	1.91
	2.52
	3.61
	5.31

	
	4
	1.28
	1.54
	1.88
	2.30
	2.96

	
	8
	1.25
	1.43
	1.65
	1.97
	2.70

	
	12
	1.21
	1.35
	1.47
	1.67
	2.10



By comparing Table 1 and Table 2, it is observed that the accuracy loss of positioning accuracy due to TA drift (∆TA) is marginal if the reception time of PRS and the transmission time of SRS is within 160ms  time duration, which causes less than 1 km in general, while the accuracy requirement of 5-10 km in [5] can still be satisfied even without TA difference report. 
Observation 4: Impact of UE autonomous adjustment of TA on positioning accuracy is marginal, if the reception time of PRS and the transmission time of SRS is within 160ms time duration.

Per option 2, the TA difference associated with measured subframes can be optionally reported from UE if higher accuracy is desired or there is no restriction on the combined UE Rx-Tx time difference and gNB Rx-Tx time difference. Besides the fact that compensating TA difference is not necessarily needed, Option 3 is based on UE implementation and thus no specification impact is involved. 
It is also worth mentioning that there is no explicit coupling relationship required corresponding to subframes containing PRS and SRS in Alt-1, and thus both UE Rx-Tx time difference and gNB Rx-Tx time difference can actually be derived from multiple RS as long as they are within a time window, e.g. 160ms, to avoid large estimation errors introduced in measurement. 
Observation 5: There is no requirement for coupling relationship between subframes containing PRS and SRS, and thus both UE Rx-Tx time difference and gNB Rx-Tx time difference can be derived from multiple RS, as long as they are in the certain time window, e.g. 160ms length, for measurement. 

Summary of the comparison
In the following, the combinations of UE and gNB Rx-Tx time difference are summarized in Table 3. 
[bookmark: _Ref134291859]Table 3 Comparison of different combinations of UE and gNB Rx-Tx time difference
	
	Impact of TA drift
	Signaling overhead
	averaging over multiple measurements
	Specification impact

	Alt-1
	Marginal impact (justified by simulations)
Fulfill the 5~10km requirement
	· UR Rx-Tx time difference: 26bits
· gNB Rx-Tx time difference: 21bits
	Support
	1. Legacy definitions of UE/gNB Rx-Tx time difference are kept with an additional offset to be reported. 
2. Not require coupling relationship of PRS and SRS

	Alt-2
	No
	· UE Rx-Tx time difference: 30bits
· gNB Rx-Tx time difference: 21bits
	Not support
	1. Introduce new definition of UE Rx-Tx time difference.
2. Require explicit coupling relationship of PRS and SRS.  

	Alt-3
	No
	· UR Rx-Tx time difference: 30bits
· gNB Rx-Tx time difference: 30bits
	Not support
	1. Introduce new definitions of UE/gNB Rx-Tx time difference.
2. Require explicit coupling relationship of PRS and SRS.


From Table 3, it is observed that Alt-1 in general is good with the least signaling overhead, minimized spec impact, meanwhile better measurement accuracy considering averaging across multiple measurements are supported. 
Observation 6: Among different combinations of UE Rx-Tx time difference and gNB Rx-Tx time difference, Alt-1 requires the least signaling overhead, minimum specification impact, and meanwhile better measurement accuracy considering averaging across multiple measurements are supported. 
Proposal 1: In order to figure out RTT between UE and gNB on LMF, support Alt.1 as the UE and gNB receive-transmit time difference measurements:
· UE Rx-Tx time difference is reported via keeping the current UE Rx-Tx time difference with an offset that 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; 
· gNB Rx-Tx time difference is reported via keeping the current gNB Rx-Tx time difference;
· if gNB is chosen as the reference point for the definition of gNB Rx-Tx time difference, an offset is reported in addition which can cover the time duration corresponds to kmac .

Reference point for definition of gNB Rx-Tx time difference measurement
In the online discussion of RAN#112bis-e [1], two options of reference point for the definition of gNB Rx-Tx time difference measurement are proposed: 
Proposal 4-2-1-rev4:
In NTN, for the reference point of the definition of the gNB Rx – Tx time difference reported to the LMF, further discuss the following two options:
Option 1: The uplink time synchronization reference point
Option 2: The reference point for performing gNB receive-transmit time difference measurement which is on the gNB

Option 1 proposes to employ the uplink synchronization reference point for Rx-Tx time difference measurements. As shown in Figure 5, the uplink time synchronization reference point is actually a virtual point where downlink and uplink are frame aligned with an offset given by common TA parameters and cannot perform any measurements. If Option 1 is used as the reference point for the definition of Rx-Tx time difference, the actual Rx-Tx time difference measurements still needs to be derived from the measurements performed at gNB. In addition, there is no benefit to have different reference point, i.e. a virtual point from the actual point of measurement. For Option1, the assistance information such as common TA or kmac still needs to be transferred to the LMF to further derive the RTT between UE and satellite.
[image: ]
[bookmark: _Ref133571327]Figure 5 relationship of RTTs between UE and satellite/gNB/reference point.

On the other hand, even if uplink synchronization reference point is employed as the reference point for the definition of the gNB Rx-Tx time difference, only kmac, instead of common TA parameters, needs to be transferred to the LMF as the assistance data. The reason is that even under Option 1, RTT between UE and satellite is obtained by:
= UE Rx-Tx time difference + gNB Rx-Tx time difference – ,
where  can be directly derived via subtracting kmac from the feeder link latency, which is always available in LMF as explained in section 4.2. For , which is actually calculated from the higher-layer parameters TACommon, TACommonDrift and TACommonDirftVariaiton to cover the TA drift of feeder link, the required signaling overhead will be much higher than kmac with slot granularity [6]. 
Proposal 2：Even if uplink time synchronization reference point is employed as the reference point for the definition of gNB Rx-Tx time difference, kmac, which is infrequently updated than common TA, is preferred to be transferred to the LMF, considering the common TA can be derived by subtracting the reported kmac from the feeder link, which is known by LMF if ephemeris information is reported to LMF. 

Under Option 2, there is no need to transfer any assistance information such as common TA parameters, kmac, and feeder link latency. As for the scenario of transparent satellite where RTT between UE and satellite is obtained via subtracting the feeder link latency from the RTT between UE and gNB, i.e., , the feeder link latency can be directly derived from the ephemeris of the satellite such that no assistance information, apart from ephemeris of the satellite, is needed. 
Observation 7: For verifying UE location based on Alt-1 with the reference point on gNB, only the feeder link latency is needed as the assistance information in LMF.
Proposal 3: The reference point for definition of gNB Rx-Tx time difference measurement is on the gNB.

Data to be transferred 
Mirror position issue
One issue associated with the UE location verification assuming a single satellite in view is that the estimated UE location might lie at two points that are symmetric about satellite’s orbit. Although NR ECID-method is proposed to resolve the mirror position issues by means of UE neighbor measurements, measurements such as RSRP and RSRQ in NTN are generally less correlated with geographical positions and thus are not a good indicator, especially for UEs located near satellite’ orbit. 
Observation 8: Relying on NR E-CID method cannot resolve the mirror position issue. 

To overcome the mirror position issue, the angle of arrival of uplink signals can be measured at gNB or using beamforming by gNB’s implementation. Since there is no need to transfer an explicit angle of arrival to the LMF to resolve the ambiguity of mirror position, a single bit, indicating left side or the right side of UE with respect to the orbital plane, can be employed and transferred from gNB to the LMF to save resource overhead. 
Proposal 4: The issue of mirror position can be resolved at least via using beamforming by gNB’s implementation, and a single bit, indicating the left side or the right side of UE position with respect to the orbital plane, can be transferred from gNB to the LMF to resolve the ambiguity of mirror position. 

[bookmark: _Ref133574599]Ephemeris of the satellite
In terrestrial networks, geographical coordinates of TRPs are typically required to be transferred from gNB to the LMF as the assistance data when determining UE location. In NTN, as UE position is estimated via RTT between UE and satellites, ephemeris of the satellite, especially the ones associated with the transmit timing and received timing at UE/gNB, are needed in verifying UE’s location. 
Ephemeris in the scenario of transparent satellite can also be used to calculate the feeder link latency, which is essential to derive the actual propagation time of signals between UE and the satellite, such that the feeder link latency may no longer need to be transferred to LMF and signaling overhead can be saved. 
Observation 9: Ephemeris of the satellite can be used to derive the feeder link latency. 

It also makes sense that UE itself can figure out the satellite’s coordinates based on the broadcast ephemeris when transmitting and receiving the corresponding subframes, and transfer them together with UE Rx-Tx time difference measurements to the LMF. 
Proposal 5: Support one of the following alternatives:
· Alt-1: transfer ephemeris of satellites with respect to transmit timing and received timing from gNB to the LMF;
· Alt-2: support transferring satellites’ coordinates with respect to transmit timing and received timing from UE to the LMF. 


Conclusion
In this contribution, network-verified UE location in NTN is discussed. The observations and proposals are summarized as the following:
Observation 1: Both Alt-2 and Alt-3 will require significant overhead, i.e., at least 51bits for Alt-2 and 60bits for Alt-3 under the resolution step , to accommodate the excessively large reporting range. 
Observation 2: In both Alt-2 and Alt-3, UE Rx-Tx time difference based on the reception time of one PRS and the transmitting time of one SRS suffers larger estimation error compared with UE Rx-Tx definition in Alt-1, which can obtain more accurate UE Rx-Tx time difference based on the measurements over multiple PRS subframes.
Observation 3: To ensure the correct determination of RTT based on Alt-2 and Alt-3, the coupling relationship between the PRS and the SRS needs to be explicitly specified or reported.
Observation 4: Impact of UE autonomous adjustment of TA on positioning accuracy is marginal, if the reception time of PRS and the transmission time of SRS is within 160ms time duration.
Observation 5: There is no requirement for coupling relationship between subframes containing PRS and SRS, and thus both UE Rx-Tx time difference and gNB Rx-Tx time difference can be derived from multiple RS, as long as they are in the certain time window, e.g. 160ms length, for measurement.
Observation 6: Among different combinations of UE Rx-Tx time difference and gNB Rx-Tx time difference, Alt-1 requires the least signaling overhead, minimum specification impact, and meanwhile better measurement accuracy considering averaging across multiple measurements are supported. 
Observation 7: For verifying UE location based on Alt-1 with the reference point on gNB, only the feeder link latency is needed as the assistance information in LMF.
Observation 8: Relying on NR E-CID method cannot resolve the mirror position issue. 
Observation 9: Ephemeris of the satellite can be used to derive the feeder link latency. 

Proposal 1: In order to figure out RTT between UE and gNB on LMF, support Alt.1 as the UE and gNB receive-transmit time difference measurements:
· UE Rx-Tx time difference is reported via keeping the current UE Rx-Tx time difference with an offset that 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; 
· gNB Rx-Tx time difference is reported via keeping the current gNB Rx-Tx time difference;
· if gNB is chosen as the reference point for the definition of gNB Rx-Tx time difference, an offset is reported in addition which can cover the time duration corresponds to kmac .
Proposal 2：Even if uplink time synchronization reference point is employed as the reference point for the definition of gNB Rx-Tx time difference, kmac, which is infrequently updated than common TA, is preferred to be transferred to the LMF, considering the common TA can be derived by subtracting the reported kmac from the feeder link, which is known by LMF if ephemeris information is reported to LMF. 
Proposal 3: The reference point for definition of gNB Rx-Tx time difference measurement is on the gNB.
Proposal 4: The issue of mirror position can be resolved at least via using beamforming by gNB’s implementation, and a single bit, indicating the left side or the right side of UE position with respect to the orbital plane, can be transferred from gNB to the LMF to resolve the ambiguity of mirror position. 
Proposal 5: Support one of the following alternatives:
· Alt-1: transfer ephemeris of satellites with respect to transmit timing and received timing from gNB to the LMF;
· Alt-2: support transferring satellites’ coordinates with respect to transmit timing and received timing from UE to the LMF. 
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Appendix A: Evaluation assumptions
A.1 Simulation parameters
Table 4 Common simulation assumption
	Parameter
	Description/Value

	Scenarios 
	Rural, LOS

	Satellite Orbit
	600km

	Satellite orbit eccentricity
	0.005

	Satellite parameters
	Reuse Set-1satellite parameters as in table 6.1.1.1-1/2 of TR38.821 

	Channel model/ Delay spread
	Based on section 6.7.2 of TR 38.811

	FR/Carrier frequency
	FR1: 2GHz, S-band (n256).

	Subcarrier spacing, kHz
	15 for FR1

	Number of satellite in view
	1 for single satellite case,

	Orbit inclination
	90

	Satellite location at 
	

	UE type
	Handheld terminal

	UE related parameters
	Handheld UE characteristics as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration as agreed under AI 9.12.1

	Interference modelling (ideal muting, or other)
	Ideal muting

	Delay between symbol boundary and first path
	DL: Uniform in [0,500]ns

	Network synchronization
	Truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1. T1 = 50ns.

	UE/gNB Tx/Rx calibration error
	Truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1. 
gNB Rx/Tx Time error T1 = 1.4ns
UE Rx/Tx Time error T1 = 5.6ns

	Reference point for timing measurement
	Satellite

	UE speed
	3km/h



Table 5 PRS simulation assumption
	Parameter
	Description/Value

	Positioning signals 
	PRS

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL: Comb-2

	RS type of sequence/number of ports
	Gold / 1

	Number of symbols used per occasion
	6

	PRS configuration
	PRS positions defined in Table 7.4.1.7.3-1 with  and  in [7]



Table 6 SRS simulation assumption
	Parameter
	Description/Value

	Positioning signals 
	SRS 

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	UL: Comb-2

	RS type of sequence/number of ports
	ZC / 1

	Number of symbols used per occasion
	12

	Reference Signal Transmission Bandwidth
	8.64MHz

	SRS configuration
	SRS positions defined in Table 6.4.1.4.3-1 and Table 6.4.1.1.3-2 with , , , , and  in [7]



A.1 Simulation for Multi-RTT positioning
[image: ]
Figure 6 CDF of positioning error for Multi-RTT with TA difference report under 3 RTTs.

[image: ]
Figure 7 CDF of positioning error for Multi-RTT with TA difference report under 4 RTTs.

[image: ]
Figure 8 CDF of positioning error for Multi-RTT without TA difference report under 3 RTTs.

[image: ]
Figure 9 CDF of positioning error for Multi-RTT without TA difference report under 4 RTTs.
Appendix B: Related agreements 
RAN1#112 [8], multiple options for enhancing UE Rx-Tx time difference in NTN are provided: 
	Agreement
Select one (or more) of the following options for enhancing UE Rx-Tx time difference in NTN
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 2:
For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
FFS: details of report and the definition of UE Rx-Tx time difference    
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.
Option 4: 
UE Rx – Tx time difference TUE-RX – TUE-TX  can be directly derived from timing advance TTA 
FFS: the granularity and the reporting range of TA.
Note: This implies that the existing framework for Multi-RTT positioning report can be used without need to specify a new TA report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account



And multiple options for enhancing gNB Rx-Tx time difference are provided: 
	Agreement
Select one (or more) of the following options for the enhancement of gNB Rx-Tx time difference in NTN
Option 1: The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
For a Transmission Point 
TgNB-RX is the Transmission and Reception Point (TRP) received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
TgNB-TX is the TRP transmit timing of the downlink subframe corresponding to uplink subframe #i received from the UE
Multiple SRS resources can be used to determine the start of one subframe containing SRS.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
Option 2:
For RTT measurement in NTN, support gNB report of gNB Rx-Tx time as defined in 38.215 with the following change:
Only the SRS resource starting within a subframe can be used to determine the start of the subframe. 
Option 3: 
Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.
Option 4:
For RTT measurement in NTN, support gNB report that indicates the time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS. 

FFS: details of report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account
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