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3GPP TSG-RAN WG1 agreements under 8.4 up to RAN1#107-e are captured in [1].
In this contribution, we discuss the remaining issues under AI 8.4.2 including the following aspects:
· Maintenance on serving satellite ephemeris format bit allocations 
· Transmission timing error and its implication on satellite position accuracy
· Optimal bit allocation for Orbital parameter ephemeris format
· Maintenance on NTN Uplink Sync Validity Duration
· NTA at Initial access

Maintenance on Serving satellite ephemeris format bit allocations 
The following working assumption on serving satellite ephemeris format bit allocations was made at RAN1#106-bis-e meeting and confirmed at RAN1#107-e [1]:
	Agreement
Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Position and velocity state vector ephemeris format is 17 bytes payload. 
· The field size for position (m) is 78 bits
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is 1.3m for position
· The field size for velocity (m/s) is 54 bits
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is 0.06 m/s for Velocity
· Orbital parameter ephemeris format 18 byte payload
· Semi-major axis α (m) is 33 bits
· Range: [6500, 43000]km
· Eccentricity e is 19 bits
· Range: ≤ 0.015
· Argument of periapsis ω (rad) is 24 bits
· Range: [0, 2π]
· Longitude of ascending node (Ω rad) is 21 bits
· Range: [0, 2π]
· Inclination i (rad) is 20 bits
· Range: [- π/2 , + π/2]
· Mean anomaly M (rad) at epoch time to is 24 bits
· Range: [0, 2π]




Looking at the time and frequency accuracy requirements being defined by RAN4 and shared with RAN1 within the reply LS [R4-2120311, R1-2200869], it seems reasonable to discuss and revisit the serving satellite ephemeris payload and bit allocations for each ephemeris parameter at RAN1#108-e-meeting. This document aims to discuss RAN4 defined timing requirements implication on satellite position accuracy. 
In the following section 2.1 we will  concisely recall the transmission timing error as defined at RAN4, and discuss its implication on satellite position accuracy. Then, In Section 2.2, we will provide an optimal payload and bit allocation for Orbital parameter ephemeris format based on the results of simulations of orbit prediction model at the UE side.

Transmission timing error and its implication on satellite position accuracy
The required accuracy for the satellite ephemeris position shall be determined based on the prediction error on satellite position at the UE when uplink sync validity timer is running and the transmission timing requirements shall be applied.
RAN4 defined requirements for the UE initial transmission timing error for:
· Initial access: at the PRACH transmission or the msgA transmission
· RRC_CONNECTED state: when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS in Connected state.
According to [R4-2120311, R1-2200869] such UE initial transmission timing error shall be less than or equal to Te_NTN where the timing error limit value Te_NTN is specified in Table 1. In order to derive Te_NTN, RAN4 assumed Te_NTN = Te + Te_GNSS + Te_SAT, where,
· Te is the legacy timing error,
· Te_GNSS is the GNSS-based UE location acquisition accuracy,
· Te_SAT is the serving-satellite position estimation error.
Table 1 Te_NTN Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	[29]*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N.A

	
	30
	15
	[24]*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N.A

	NOTE:	Tc is the basic timing unit defined in TS 38.211



All the sources of error are included in Te-NTN. According to the discussions during previous RAN4 meeting (RAN4#101-bis-e), only Te-NTN will be captured in the specifications. The equation of Te_NTN = Te + Te_GNSS + Te_SAT will not be included in specification.
Apart from the legacy Te, the Te_NTN was relaxed to include Te_GNSS and Te_SAT. Te_GNSS is the maximum RTT error between UE and satellite due to UE GNSS position estimation error and Te_SAT is the error from calculation model used at UE side to estimate the satellite position. Te_GNSS and Te_SAT can be approximated as follows:
Te_GNSS = 2* (GNSS positioning accuracy/c), where c = 3*10^8 m/s.
Te_SAT = 2* (serving-satellite positioning estimation accuracy /c), where c = 3*10^8 m/s.
By considering the values of Te_NTN in Table1 and legacy Te values defined in [TS 38.133], maximum Te due to the errors induced by the GNSS-based UE position and Satellite position estimations can be derived as shown in Table 2.
Table 2 Maximum Te due to errors on GNSS and Satellite position 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_GNSS + Te_SAT

	1
	15
	15
	[17]*64*Tc

	
	
	30
	14*64*Tc

	
	30
	15
	[16]*64*Tc

	
	
	30
	14*64*Tc



If we assume this maximum Te induced by the GNSS-based UE position and Satellite position estimations is equally split between both errors:
For 30 kHz SCS of uplink signals, Te_GNSS and Te_SAT are equal to:
Te_GNSS = Te_SAT = 7 * 64*Tc and thereby:
· Serving-satellite positioning estimation accuracy = 34 m
· GNSS positioning accuracy = 34 m

For 15 kHz SCS of uplink signals, Te_GNSS and Te_SAT are equal to:
· Serving-satellite positioning estimation accuracy = 41 m
· GNSS positioning accuracy = 41 m

Note that RAN4 is not going to provide any specific value for neither Te_GNSS nor Te_SAT. In particular, RAN4 made an agreement in RAN4#101-bis-e [R4-2202638] that no further discussion on the common GNSS accuracy assumption is required for RRM requirements definition in Rel-17 NTN WI.

Optimal bit allocation for Orbital parameter ephemeris format
From our perspective, Te-SAT should integrate the following contributions (i), (ii) and (iii):
i. Serving-satellite position estimation error due to orbit determination and prediction at NCC/gNB side; 
ii. Quantization error linked to bit allocation used for serving satellite ephemeris format;
iii. Serving-satellite position estimation error due to orbit propagation at UE side.

Obviously, (iii) is dependent on (i) and (ii).
In the following, we evaluate (iii): serving-satellite position estimation error due to orbit propagation at UE. For this purpose, the following simulation scenario is considered:

Table 3 Simulation scenario
	Orbit
	LEO 600 km, near circular, inclination 53°

	Initial error
(including (i)) 
	Position (m): Mean =2.6, Sigma =0.3 and, 3 Sigma = 3.7
Velocity (mm/s): Mean =14.1, Sigma ==0.5, 3 Sigma =15. 8	

	Propagation model in UE
	NUM6x6
	NUM2x2
	KEPLER

	Ephemeris format
(as per  RAN1#107-e agreement recalled in Section 2
	PV
	PV
	PV

	
	Keplerian
	Keplerian
	Keplerian



Regarding initial error: we consider typical Precision Orbit Determination (POD); that is, initial 3D Position RMS Error = 0.5 m and 3D Velocity RMS Error = 0.5 mm/s which allows Satellite position prediction at NCC/gNB 5 minutes ahead with max error of 3.87m [R1-2111122].
For (ii), we consider the quantization steps (precision) as per  RAN1#107-e agreement recalled in Section 2:
Table 4 Ephemeris parameters and related quantization steps
	
	Ephemeris Parameter
	Range
	precision
	#bits

	PV
	position X,Y,Z (m)
	8.4E+07
	1.3E+00
	26

	
	Velocity VX.VY.VZ (m/s)
	8.0E+03
	6.1E-02
	18

	
	total bits
	132

	

	Keplerian
(Orbital parameter ephemeris)
	a (m)
	3.65E+07
	4.2E-03
	33

	
	e
	1.50E-02
	2.9E-08
	19

	
	aop (rad)
	6.28E+00
	3.7E-07
	24

	
	inc (rad)
	3.14E+00
	3.0E-06
	20

	
	RAAN (rad)
	6.28E+00
	3.0E-06
	21

	
	anomaly (rad)
	6.28E+00
	3.7E-07
	24

	
	total
	141




The following tables provide the simulation results in case the broadcast serving satellite ephemeris are in state vector PV ephemeris format:

Table 5 Orbit propagation errors at the UE - Ephemeris format: PV
	PROPAGATION MODEL in UE: 
	NUM6x6
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	Ephemeris format: PV

	Propagation duration [s]
	5
	10
	15
	20
	30
	60
	300

	Satellite position error at the UE (m)
	mean
	2.95
	3.09
	3.25
	3.41
	3.79
	5.19
	19.11

	
	sigma
	0.82
	0.90
	0.98
	1.06
	1.22
	1.69
	5.80

	
	max (99.7%)
	4.77
	5.07
	5.49
	5.91
	6.59
	9.29
	32.90

	Satellite velocity error at the UE (mm/s)
	mean
	59.75
	59.82
	59.89
	59.97
	60.12
	60.59
	64.68

	
	sigma
	18.26
	18.26
	18.26
	18.26
	18.27
	18.27
	19.11

	
	max (99.7%)
	99.32
	99.38
	99.46
	99.54
	99.64
	99.71
	113.93

	
	
	
	
	
	
	
	
	

	PROPAGATION MODEL in UE:
	NUM2x2
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	Ephemeris format: PV

	Propagation duration [s]
	5
	10
	15
	20
	30
	60
	300

	Satellite position error at the UE (m)
	mean
	2.95
	3.09
	3.25
	3.42
	3.79
	5.20
	19.94

	
	sigma
	0.82
	0.90
	0.98
	1.06
	1.23
	1.70
	6.74

	
	max (99.7%)
	4.77
	5.07
	5.49
	5.92
	6.63
	9.45
	38.96

	Satellite velocity error at the UE (mm/s)
	mean
	59.87
	60.06
	60.25
	60.45
	60.86
	62.18
	75.70

	
	sigma
	18.26
	18.26
	18.26
	18.27
	18.29
	18.46
	25.24

	
	max (99.7%)
	99.40
	99.62
	99.83
	100.54
	101.99
	106.63
	159.19

	
	
	
	
	
	
	
	
	

	PROPAGATION MODEL in UE: 
	KEPLER
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	Ephemeris format: PV

	Propagation duration [s]
	5
	10
	15
	20
	30
	60
	300

	Satellite position error at the UE (m)
	mean
	2.96
	3.16
	3.52
	4.13
	6.42
	22.32
	544.41

	
	sigma
	0.82
	0.91
	1.06
	1.31
	2.03
	4.38
	79.40

	
	max (99.7%)
	4.80
	5.35
	6.23
	7.63
	11.75
	33.87
	721.73

	Satellite velocity error at the UE (mm/s)
	mean
	86.02
	132.50
	189.20
	248.80
	369.85
	736.28
	3608.91

	
	sigma
	24.53
	35.90
	43.07
	48.94
	62.32
	109.16
	528.60

	
	max (99.7%)
	156.46
	223.52
	299.80
	375.48
	528.21
	994.36
	4741.30



Based on simulation results within Table 5. when the network indicates ephemeris in PV format with the bit allocation agreed in RAN1#107-e. the UE can predict the satellite position and velocity errors with sufficient accuracy: UE can predict 60 seconds ahead the satellite position with less than 10m errors. and 300 seconds ahead with less than 39m position error when the orbit propagator used at the UE is NUM2x2 or NUM6x6.

With ephemeris in PV format with the bit allocation agreed in RAN1#107-e. the UE can predict the Satellite position and velocity errors with sufficient accuracy.

The following tables provide the simulation results in case the broadcast serving satellite ephemeris are in Keplerian/ orbital parameter ephemeris format:

Table 6 Orbit propagation errors at the UE - Ephemeris format: Keplerian
	PROPAGATION MODEL in UE: 
	NUM6x6
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	Ephemeris format: Keplerian
(Orbital parameter ephemeris)

	Propagation duration [s]
	5
	10
	15
	20
	30
	60
	300

	Satellite position error at the UE (m)
	mean
	13.60
	13.62
	13.65
	13.67
	13.72
	13.86
	15.46

	
	sigma
	5.42
	5.42
	5.42
	5.42
	5.42
	5.42
	5.46

	
	max (99.7%)
	28.49
	28.55
	28.62
	28.68
	28.81
	28.89
	31.70

	Satellite velocity error at the UE (mm/s)
	mean
	20.42
	20.50
	20.58
	20.67
	20.85
	21.44
	27.18

	
	sigma
	7.88
	7.88
	7.88
	7.88
	7.89
	7.95
	9.78

	
	max (99.7%)
	42.71
	42.71
	42.71
	42.71
	42.71
	43.19
	61.18

	
	
	
	
	
	
	
	
	

	PROPAGATION MODEL in UE: 
	NUM2x2
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	Ephemeris format: Keplerian
(Orbital parameter ephemeris)

	Propagation duration [s]
	5
	10
	15
	20
	30
	60
	300

	Satellite position error at the UE (m)
	mean
	13.60
	13.62
	13.65
	13.67
	13.72
	13.87
	16.46

	
	sigma
	5.42
	5.42
	5.42
	5.42
	5.42
	5.42
	5.64

	
	max (99.7%)
	28.49
	28.55
	28.61
	28.66
	28.77
	28.89
	32.96

	Satellite velocity error at the UE (mm/s)
	mean
	20.52
	20.71
	20.91
	21.13
	21.59
	23.24
	44.18

	
	sigma
	7.87
	7.88
	7.88
	7.90
	7.94
	8.22
	17.78

	
	max (99.7%)
	42.71
	43.42
	44.14
	44.70
	44.70
	47.16
	99.91

	
	
	
	
	
	
	
	
	

	PROPAGATION MODEL in UE: 
	KEPLER
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	Ephemeris format: Keplerian
(Orbital parameter ephemeris)

	Propagation duration [s]
	5
	10
	15
	20
	30
	60
	300

	Satellite position error at the UE (m)
	mean
	13.59
	13.60
	13.62
	13.67
	13.99
	21.74
	539.85

	
	sigma
	5.42
	5.41
	5.39
	5.36
	5.19
	4.83
	75.81

	
	max (99.7%)
	28.44
	28.44
	28.44
	28.44
	28.44
	33.30
	700.43

	Satellite velocity error at the UE (mm/s)
	mean
	60.52
	120.69
	181.73
	242.98
	365.67
	733.76
	3608.13

	
	sigma
	11.16
	15.32
	22.18
	29.95
	46.43
	97.58
	521.08

	
	max (99.7%)
	88.35
	163.05
	240.70
	318.44
	474.19
	947.45
	4693.00



Based on simulation results within Table 6. when the network indicates ephemeris using Keplerian/Orbital parameter format with the bit allocation agreed in RAN1#107-e. satellite position errors at the UE are high:  more than 28m error on the position even for the lowest prediction period (i.e. 5 s). This is observed whatever the orbit propagator used at the UE. Clearly. the used quantization steps as shown in Table 4 are not optimal. And further optimization of bit allocation for Orbital parameters format is needed. 

When the network indicates ephemeris using Keplerian/orbital parameter format with the bit allocation agreed in RAN1#107-e. satellite position errors at the UE are high. An optimal quantization step is needed for Keplerian orbital parameters.

Following Observation 2. we propose an optimal bit allocation for Orbital parameters with finer quantization steps (precision) as shown in Table 7. 

Table 7 Optimal bit allocation for Orbital parameter ephemeris
	
Keplerian
(Orbital parameter ephemeris)
	parameter
	Range
	precision
	#bits

	
	a (m)
	3.65E+07
	4.2E-03
	33

	
	e
	1.50E-02
	1.4E-08
	20

	
	aop (rad)
	6.28E+00
	2.3E-08
	28

	
	inc (rad)
	3.14E+00
	2.3E-08
	27

	
	RAAN (rad)
	6.28E+00
	2.3E-08
	28

	
	anomaly (rad)
	6.28E+00
	2.3E-08
	28

	
	total
	164



The following tables provide the simulation results in case the broadcast serving satellite ephemeris are in Keplerian/ orbital parameter ephemeris format with Optimal bit allocation:

Table 8 Orbit propagation errors at the UE – 
Ephemeris format: Keplerian with Optimal bit allocation
	PROPAGATION MODEL in UE 
	NUM6x6
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	Ephemeris format: Keplerian (Orbital parameter ephemeris)
With Optimal bit allocation

	Propagation duration [s]
	5
	10
	15
	20
	30
	60
	300

	Satellite position error at the UE (m)
	mean
	2.65
	2.67
	2.69
	2.71
	2.75
	2.90
	5.43

	
	sigma
	0.37
	0.37
	0.38
	0.38
	0.40
	0.47
	1.83

	
	max (99.7%)
	3.69
	3.69
	3.70
	3.71
	3.79
	4.17
	10.86

	Satellite velocity error at the UE (mm/s)
	mean
	14.30
	14.37
	14.45
	14.53
	14.70
	15.27
	21.34

	
	sigma
	1.42
	1.43
	1.46
	1.49
	1.58
	2.02
	7.10

	
	max (99.7%)
	17.70
	17.94
	18.21
	18.46
	19.34
	22.78
	46.76

	
	
	
	
	
	
	
	
	

	PROPAGATION MODEL in UE 
	NUM2x2
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	Ephemeris format: Keplerian (Orbital parameter ephemeris)
With Optimal bit allocation

	Propagation duration [s]
	5
	10
	15
	20
	30
	60
	300

	Satellite position error at the UE (m)
	mean
	2.65
	2.67
	2.69
	2.71
	2.76
	2.92
	7.69

	
	sigma
	0.37
	0.37
	0.38
	0.38
	0.40
	0.48
	3.01

	
	max (99.7%)
	3.69
	3.69
	3.70
	3.71
	3.72
	4.23
	16.39

	Satellite velocity error at the UE (mm/s)
	mean
	14.40
	14.58
	14.79
	15.00
	15.47
	17.20
	41.28

	
	sigma
	1.43
	1.50
	1.61
	1.75
	2.13
	3.68
	16.90

	
	max (99.7%)
	17.75
	18.39
	19.46
	20.39
	22.51
	28.64
	92.27

	
	
	
	
	
	
	
	
	

	PROPAGATION MODEL in UE 
	KEPLER
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	Ephemeris format: Keplerian (Orbital parameter ephemeris)
With Optimal bit allocation

	Propagation duration [s]
	5
	10
	15
	20
	30
	60
	300

	Satellite position error at the UE (m)
	mean
	2.68
	2.81
	3.09
	3.61
	5.90
	22.12
	544.79

	
	sigma
	0.38
	0.42
	0.61
	0.94
	1.66
	3.49
	78.48

	
	max (99.7%)
	3.69
	3.90
	4.76
	6.00
	9.80
	30.63
	706.08

	Satellite velocity error at the UE (mm/s)
	mean
	62.12
	123.00
	184.27
	245.62
	368.39
	736.54
	3610.49

	
	sigma
	11.58
	18.79
	26.82
	35.13
	52.05
	103.52
	526.58

	
	max (99.7%)
	91.04
	169.30
	247.75
	326.27
	483.40
	954.88
	4706.83



Based on simulation results within Table 8. when the network indicates ephemeris in Keplerian (Orbital parameter ephemeris) with the proposed optimal bit allocation. the UE can predict the Satellite position and velocity errors with improved and sufficient accuracy: UE can predict 300 seconds ahead the satellite position with  less than 16.39m errors when the orbit propagator NUM2x2 is used at the UE. and less than 10.86m when orbit propagator NUM6x6 is used at the UE. 

An optimal bit allocation in 21 bytes (instead of the 18 bytes as agreed in RAN#107-e) improves significantly the  Satellite position and velocity prediction at the UE.

Note that Observation 3 is also confirmed by the analysis of GEO orbit prediction at the UE as it will be discussed in the coming section. 
Based on the above. we made the following proposal to correct the bit allocations for orbital parameters ephemeris format:

Proposal 1:
Modify bit allocations for orbital parameters ephemeris format as follows:
· Orbital parameters are indicated in 21 bytes payload:
· Semi-major axis α (m) is 33 bits
· Range: [6500. 43000]km
· The quantization step is 4.2 m
· Eccentricity e is 20 bits
· Range: ≤ 0.015
· The quantization step is 1.4 
· Argument of periapsis ω (rad) is 28 bits
· Range: [0. 2π]
· The quantization step is 2.3  rad
· Longitude of ascending node (Ω rad) is 28 bits
· Range: [0. 2π]
· The quantization step is 2.3  rad
· Inclination i (rad) is 27 bits
· Range: [- π/2 . + π/2]
· The quantization step is 2.3  rad
· Mean anomaly M (rad) at epoch time to is 28 bits
· Range: [0. 2π]
· The quantization step is 2.3  rad

Maintenance on NTN Uplink Sync Validity Duration
It was agreed in RAN1#106-e to support a validity duration (ntnUlSyncValidityDuration) configured by the network for satellite ephemeris data which indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris information. The same validity duration can be applied for Common TA related parameters as per the agreement in RAN1#106-bis-e.
The value range and unit of ntnUlSyncValidityDuration are given by the following agreement made at RAN1#107-e. However the bit allocation and additional values for GEO are still FFS.
	Agreement
NTN validity duration is configured per cell and indicated to the UE in X bits with:
· Value range { 5. 10. 15. 20. 25. 30. 35. 40. 45. 50. 55. 60. 120. 180. 240. Infinity}
· Unit is second
· FFS (to be resolved in current meeting): Additional values for GEO




The determination of range/values for this single validity timer should take into account the timing error due to:
i. Serving-satellite position estimation error due to orbit propagation at NCC/gNB 
ii. Serving-satellite position estimation error due to orbit propagation at UE: RAN1 made a conclusion that orbit propagation model is left to implementation. Thus it is reasonable for the network to assume a simple orbit propagator model at the UE to determine the validity timer value range.
iii. Quantization error linked to bit allocation for serving satellite ephemeris format
iv. Common TA estimation error at the UE.

Additional values for GEO are determined via simulations. based on the following scenarios (see Table 9): 
· For (i):  we consider a low quality Precision Orbit Determination (POD). Indeed. in case of GEO. although GNSS-based measurements can be also performed on-board to enhance the POD. the number of GNSS satellites in view can be limited and thereby the POD might be degraded. Therefore. a low quality POD is to be considered for GEO.
· For (ii): Two different orbit propagation models at the UE are used: NUM2x2 and KEPLER. Note that prediction errors with NUM6x6 are similar to the ones with NUM2x2.
· For (iii): 3 ephemeris format are considered: Keplerian-based with optimal bit allocation as provided in Proposal 1. Keplerian-based with bit allocation as agreed in RAN1#107 and PV-state–vector-based.

Table 9 Simulation scenarios
	Orbit
	GEO with a=42164 km. e=i=0

	Initial error
(including (i)) 
	Position (m): Mean = 14 and RMS/1 Sigma = 9.8
Velocity (mm/s): Mean =1.1. RMS/1sigma= 0.72	

	Propagation model in UE
	NUM2x2
	KEPLER

	Ephemeris format
	PV
	PV

	
	Keplerian (with bit allocation as agreed in RAN1#107)
	Keplerian (with bit allocation as agreed in RAN1#107)

	
	Keplerian with optimal bit allocation
	Keplerian with optimal bit allocation



The following table provides simulation results in case orbit propagation model at the UE is NUM2x2:

Table 10 GEO Satellite PV errors at the UE - NUM2x2
	PROPAGATION MODEL in UE:  NUM2x2
	
	
	
	
	

	
	Ephemeris format: Keplerian with Optimal bit allocation


	Propagation duration
	1 mn
	5 mn
	15 mn
	30 mn
	1h
	2h

	Satellite position error at the UE (m)
	mean
	14.6
	14.7
	15.3
	18.1
	35.5
	124.3

	
	sigma
	8.6
	8.6
	8.5
	8.4
	12.9
	44.7

	
	max (99.7%)
	38.3
	38.3
	38.4
	42.6
	76.0
	233.6

	Satellite velocity error at the UE (mm/s)
	mean
	1.5
	2.1
	4.5
	8.7
	17.1
	34.1

	
	sigma
	0.7
	0.8
	1.6
	3.0
	6.0
	12.3

	
	max (99.7%)
	3.9
	5.2
	9.5
	16.3
	30.0
	59.8

	
	


	
	
	
	
	
	

	PROPAGATION MODEL in UE:  NUM2x2
	
	
	
	
	

	
	Ephemeris format: Keplerian (with bit allocation as agreed in RAN1#107)

	Propagation duration
	1 mn
	5 mn
	15 mn
	30 mn
	1h
	2h

	Satellite position error at the UE (m)
	mean
	93.6
	93.8
	94.4
	96.0
	103.3
	152.9

	
	sigma
	37.2
	37.2
	37.1
	37.0
	36.8
	48.7

	
	max (99.7%)
	184.8
	184.8
	184.8
	186.6
	207.3
	296.9

	Satellite velocity error at the UE (mm/s)
	mean
	7.1
	7.3
	8.1
	10.2
	17.3
	33.8

	
	sigma
	2.8
	2.7
	2.6
	2.5
	3.9
	9.4

	
	max (99.7%)
	13.3
	13.3
	14.8
	17.2
	29.3
	56.4

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	PROPAGATION MODEL in UE:  NUM2x2
	
	
	
	
	

	
	Ephemeris format: PV

	Propagation duration
	1 mn
	5 mn
	15 mn
	30 mn
	1h
	2h

	Satellite position error at the UE (m)
	mean
	15.9
	24.7
	56.2
	108.5
	216.7
	448.4

	
	sigma
	8.3
	8.6
	16.5
	31.0
	61.2
	126.2

	
	max (99.7%)
	41.1
	54.1
	101.0
	189.7
	371.6
	775.3

	Satellite velocity error at the UE (mm/s)
	mean
	58.8
	59.0
	59.6
	60.7
	63.5
	72.2

	
	sigma
	16.7
	16.7
	16.7
	16.7
	16.9
	18.9

	
	max (99.7%)
	99.0
	99.2
	100.8
	102.0
	106.3
	127.7




The following table provides simulation results in case orbit propagation model at the UE is KEPLER:

Table 11 Satellite PV errors at the UE - KEPLER
	PROPAGATION MODEL in UE: KEPLER
	
	
	
	
	

	
	Ephemeris format: Keplerian with Optimal bit allocation

	Propagation duration
	1 mn
	5 mn
	15 mn
	30 mn
	1h
	2h

	Satellite position error at the UE (m)
	mean
	14.6
	14.7
	15.7
	20.6
	53.0
	206.3

	
	sigma
	8.6
	8.6
	8.5
	8.4
	16.9
	61.1

	
	max (99.7%)
	38.3
	38.3
	39.4
	48.9
	100.3
	330.3

	Satellite velocity error at the UE (mm/s)
	mean
	1.6
	2.9
	7.2
	14.2
	28.4
	58.5

	
	sigma
	0.7
	0.9
	2.2
	4.1
	8.2
	17.7

	
	max (99.7%)
	4.0
	5.8
	12.1
	22.0
	42.4
	87.7

	
	
	
	
	
	
	
	

	

	PROPAGATION MODEL in UE : KEPLER
	
	
	
	
	

	
	Ephemeris format: Keplerian (with bit allocation as agreed in RAN1#107)

	Propagation duration
	1 mn
	5 mn
	15 mn
	30 mn
	1h
	2h

	Satellite position error at the UE (m)
	mean
	93.6
	93.8
	94.5
	97.0
	114.4
	244.4

	
	sigma
	37.2
	37.2
	37.1
	36.8
	36.0
	70.1

	
	max (99.7%)
	184.8
	184.8
	184.8
	187.1
	216.5
	396.2

	Satellite velocity error at the UE (mm/s)
	mean
	7.4
	8.9
	12.9
	19.5
	33.5
	63.4

	
	sigma
	2.8
	2.9
	3.5
	5.2
	9.1
	18.4

	
	max (99.7%)
	13.7
	15.6
	21.3
	31.0
	50.9
	94.6

	
	
	
	
	
	
	
	

	PROPAGATION MODEL in UE : KEPLER
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	Ephemeris format: PV

	Propagation duration
	1 mn
	5 mn
	15 mn
	30 mn
	1h
	2h

	Satellite position error at the UE (m)
	mean
	15.9
	24.7
	56.3
	108.7
	218.3
	461.2

	
	sigma
	8.3
	8.6
	16.6
	32.1
	70.0
	185.2

	
	max (99.7%)
	41.1
	53.8
	100.9
	193.1
	412.5
	988.5

	Satellite velocity error at the UE (mm/s)
	mean
	58.9
	59.5
	61.2
	63.9
	70.1
	86.6

	
	sigma
	16.7
	16.8
	17.1
	18.0
	21.6
	34.8

	
	max (99.7%)
	99.1
	101.0
	103.2
	113.0
	133.4
	189.3




Based on the simulation results shown in Table 10 and 11. one can observe that the UE can propagate GEO orbit and predict the satellite position 15mn ahead with an acceptable error in case of:
· Satellite ephemeris format: Keplerian-based with optimal bit allocation (used in Proposal 1)
· Orbit propagation at the UE: NUM2x2 or KEPLER


 In Case of GEO based NTN. ntnUlSyncValidityDuration can be set to 15mn if the serving satellite ephemeris format is Keplerian-based with optimal bit allocation.

Furthermore. a GEO satellite is moving around its nominal orbital position with an average tangential velocity with respect to an earth point around 2.74 m/s that is 9.86 km/h. Therefore. in our view. the UE (at least slow UEs) does not need to track the GEO satellite movement in RRC Connected to update its open loop TA components (UE specific TA and Common TA). Given the slow speed of the satellite. any delay variation can be adjusted by the legacy closed loop TA (NTA). Also. based on the simulations results presented in this section. one can observe that the satellite velocity error at the UE remains sufficiently low to compensate any frequency offset even with longer orbit propagation duration at the UE (e.g. 2 hours). This observation is at least true for slow UEs. For fast UEs (such as aircraft use case) TA self-adjustment by updating UE specific TA might be beneficial. 

Proposal 2
NTN validity duration is indicated to the UE in 4 bits with:
Value range { 5. 10. 15. 20. 25. 30. 35. 40. 45. 50. 55. 60. 120. 180. 240.900}
Unit is second

NTA at Initial access
The issue related to a possible initial TA overcompensation was discussed during past RAN1 meetings. Introducing a TA margin might be a potential solution but in  RAN1#106-b-e meeting RAN1 it was concluded to not define a TA margin. Further. the following Working assumption was made at RAN1#107-e:
	Working assumption:
When TAC () in msg2/msgB is received. UE receives the first adjustment and  is updated as:
· Option 1: . 
Where.  is the TAC field in msg2/msgB




Meaning that there is no need to make any enhancement on  derivation when the UE receives the first TA adjustment within msg2/msgB.
From our perspective if the UE does not delay its initial transmission (at least by + Te_NTN) there might be two issues: issue (i) and/or issue(ii):
Issue (i): Performance impact (unwanted interference with previous PRACH occasion or UL PUSCH/PUCCH)
W.r.t (i) and as highlighted by some companies (e.g. ZTE- R1-2008851). negligible impacts due to the pre-compensation error (+/-Te_NTN) can be observed. One may conclude that the margin delay introduction for initial transmission might not be needed as long as the initial transmission requirement is satisfied (within  +/-Te_NTN).
Issue (ii): The value of TAC in RAR would need to support negative value. Indeed. as per RAN4 requirement: When the transmission timing error between the UE and the reference timing exceeds ±Te_NTN then the UE is required to adjust its timing to within ±Te_NTN. If the UE advances its initial transmission by + Te_NTN. RAN1 may need to clarify the behavior of gNB and define/clarify the adjustment to be sent in TAC/RAR. 
In our view. Issue (ii) can be solved by UE implementation e.g. the UE may systematically delay its PRACH preamble transmission by + Te_NTN. Further. this man-made error does not need to be taken into account as an old  value. The closed loop TA control via MAC CE TAC will be used to make further adjustment of   if deemed necessary.
We therefore propose to confirm the working assumption made at RAN1#107-e:

Proposal 3: 
Confirm the following working assumption made at RAN1#107-e:
When TAC () in msg2/msgB is received. UE receives the first adjustment and  is updated as:
. 
Where.  is the TAC field in msg2/msgB


Conclusion
In this contribution. we made the following observations and proposals:
Observation 1.	With ephemeris in PV format with the bit allocation agreed in RAN1#107-e. the UE can predict the Satellite position and velocity errors with sufficient accuracy.
Observation 2.	When the network indicates ephemeris using Keplerian/orbital parameter format with the bit allocation agreed in RAN1#107-e. satellite position errors at the UE are high. An optimal quantization step is needed for Keplerian orbital parameters.
Observation 3.	An optimal bit allocation in 21 bytes (instead of the 18 bytes as agreed in RAN#107-e) improves significantly the  Satellite position and velocity prediction at the UE.
Observation 4.	 In Case of GEO based NTN. ntnUlSyncValidityDuration can be set to 15mn if the serving satellite ephemeris format is Keplerian-based with optimal bit allocation.

Proposal 1:
Modify bit allocations for orbital parameters ephemeris format as follows:
· Orbital parameters are indicated in 21 bytes payload:
· Semi-major axis α (m) is 33 bits
· Range: [6500. 43000]km
· The quantization step is 4.2 m
· Eccentricity e is 20 bits
· Range: ≤ 0.015
· The quantization step is 1.4 
· Argument of periapsis ω (rad) is 28 bits
· Range: [0. 2π]
· The quantization step is 2.3  rad
· Longitude of ascending node (Ω rad) is 28 bits
· Range: [0. 2π]
· The quantization step is 2.3  rad
· Inclination i (rad) is 27 bits
· Range: [- π/2 . + π/2]
· The quantization step is 2.3  rad
· Mean anomaly M (rad) at epoch time to is 28 bits
· Range: [0. 2π]
· The quantization step is 2.3  rad

Proposal 2
NTN validity duration is indicated to the UE in 4 bits with:
Value range { 5. 10. 15. 20. 25. 30. 35. 40. 45. 50. 55. 60. 120. 180. 240.900}
Unit is second

Proposal 3: 
Confirm the following working assumption made at RAN1#107-e:
When TAC () in msg2/msgB is received. UE receives the first adjustment and  is updated as:
. 
Where.  is the TAC field in msg2/msgB
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