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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
In June 2018, the study item “Study on NR to support non-terrestrial networks” was completed. Potential impacts have been identified (see [1] for the full list) and solutions are currently investigated in the study item “Solutions on NR to support non-terrestrial networks”[2]. 
During the last 3GPP RAN WG1 meeting in Reno, the following agreements [3] have been achieved :
Agreement:
R1-1907836	TP for Link Budget Analysis in TR 38.821	Nokia, Nokia Shanghai Bell, Thales, MediaTek, Ericsson, ZTE
The text proposal in Section 2 of R1-1907836 is endorsed
This document aims to present the link budgets obtained based on the methodology agreed during last meeting and captured in section 6.1.3 of [2]. The link budgets analysis is performed so the lowest CINR values achievable in NTN can be evaluated. The analysis results should help adjusting the CINR range that should be considered when running link level simulations.


2. Link budget analysis
GEO in Ka-Band with VSAT terminals
2.1.1 Satellite characteristics
We have considered the Set 1 satellite parameters for GEO satellites operated in Ka-band coming from Table 6.1.1-1 of [2]. For both uplink and downlink transmissions, we applied a loss of 3 dB on the satellite antenna gain as it would be the case if the terminal was located at the edges of the HPBW coverage.
2.1.2 Terminal characteristics
We have considered VSAT terminals. The VSAT characteristics used here are coming from Table 6.1.1-3 of [2].
2.1.3 Frequency reuse factor and polarization reuse
We assumed a frequency reuse factor of 2. Furthermore, polarization reuse is enabled since VSAT antennas are circularly polarized. As a consequence, the beam layout described on Figure 1 is adopted. From our perspective, it is probably one of the most representative configurations among existing GEO based SatCom systems.
[image: ]
[bookmark: _Ref15734111]Figure 1 : Adopted beam layout for GEO in Ka-band configuration
2.1.4 Elevation angle
We assumed an elevation angle of 10° on the transmission link as instructed in section 6.1.3 of [2].
2.1.5 Atmospheric loss
Concerning the atmospheric loss, we assumed the  values proposed in Figure 6 of [4] at 20 GHz for the downlink transmission and at 30 GHz for the uplink transmission.
2.1.6 Scintillation loss
Concerning the scintillations loss, only the tropospheric scintillation loss are considered. We used the values proposed in Table 6.6.6.2.1-1 of [2] corresponding to an elevation angle of 10°.
2.1.7 Shadowing margin
Concerning the shadowing margin, we assumed a 0 dB margin as instructed in section 6.1.3 of [2] when VSAT terminals are considered.
2.1.8 Additional margins
Finally, no additional margins were assumed.
2.1.9 Carrier to Interference Ratio (CIR)
The CIR values used in the link budgets are coming from calibration results. The calibration framework for single satellite simulation described in [2] has been respected. The bore sight direction of the central beam is chosen such that the central beam center elevation angle is fixed at 10°.
The calibration results are performed inside the central beam. The 18 additional neighbour beams are used as wrap-around beams so realistic interference levels can be computed.
Furthermore, the shadow fading has been neglected during the calibration procedure since only VSATs are considered.
The CIR CDF values at 1%, 50% and 99% of time are reported in Table 1. We propose to consider the 1% of time value in the link budget computation in order to evaluate the worst case CINR (assuming clear sky conditions).
[bookmark: _Ref15814986]Table 1 : CIR CDF values on DL and UL transmissions for GEO in Ka-Band with VSATs
	% of time CIR < X
	X [dB] for DL
	X [dB] for UL

	1%
	10.47
	8.96

	50 %
	10.79
	12.10

	99 %
	11.65
	16.40



2.1.10 Link budget analysis

The results captured in Table 2 and Table 3 should be taken in to account by RAN WG1 to carry out the link budget analysis in GEO based NTN.
2.1.10.1 Down Link
[bookmark: _Ref15817134]Table 2 : Down Link budget analysis for GEO in Ka-Band with VSATs
	Satellite parameters
	-
	Set 1

	Satellite orbit
	-
	GEO

	Frequency band
	-
	Ka

	Frequency
	GHz
	20,00

	Elevation
	deg
	10,00

	Polarization reuse
	-
	YES

	Frequency reuse factor
	-
	2

	System bandwidth
	MHz
	400,00

	Bandwidth per beam
	MHz
	200,00

	Max bandwidth per UE
	MHz
	200,00

	EIRP

	Max EIRP density
	dBW/MHz
	40,00

	Antenna gain loss
	dBi
	3,00

	EIRP
	dBW
	60,01

	G/T

	N_f
	dB
	1,20

	Ta
	K
	150,00

	T0
	K
	290,00

	G_R
	dBi
	39,70

	L_p
	dB
	0,00

	G/T
	dB/K
	15,86

	Boltzmann constant

	k
	dBW/K/Hz
	-228,60

	Free Space Loss

	PL_FS
	dB
	210,64

	Atmospheric Loss

	A_zenith
	dB
	0,28

	PL_A
	dB
	1,58

	Scintillation Loss

	Tropospheric attenuation with 99%
	dB
	1,08

	PL_S
	dB
	1,08

	Shadowing Margin

	PL_SM
	dB
	0,00

	Additional Margin

	PL_AD
	dB
	0,00

	CNR

	CNR
	dB
	8,16

	CIR

	CIR (from calibration results)
	dB
	10,47

	CINR

	CINR
	dB
	6,15



2.1.10.2 Up Link
[bookmark: _Ref15817141]Table 3 : Up Link Budget analysis for GEO in Ka-Band with VSATs
	Satellite parameters
	-
	Set 1

	Satellite
	-
	GEO

	Frequency band
	-
	Ka

	Frequency
	GHz
	30,00

	Elevation
	deg
	10,00

	Polarization reuse
	-
	YES

	Frequency reuse factor
	-
	2

	System bandwidth
	MHz
	400,00

	Bandwidth per beam
	MHz
	200,00

	Max bandwidth per UE
	MHz
	200,00

	EIRP

	P
	dBW
	3,01

	G_T
	dBi
	43,2

	L_C
	dB
	0,50

	EIRP
	dBW
	45,71

	G/T

	Max G/T
	dB/K
	28

	Antenna gain loss
	dBi
	3

	L_P
	dB
	0

	G/T
	dB/K
	25

	Boltzmann constant

	k
	dBW/K/Hz
	-228,60

	Free Space Loss

	PL_FS
	dB
	214,16

	Atmospheric Loss

	A_zenith
	dB
	0,22

	PL_A
	dB
	1,27

	Scintillation Loss

	Tropospheric attenuation with 99% prob
	dB
	1,08

	PL_S
	dB
	1,08

	Shadowing Margin
	 
	 

	PL_SM
	dB
	0,00

	Additional Margin

	PL_AD
	dB
	0,00

	CNR

	CNR
	dB
	-0,21

	CIR

	CIR (from calibration results)
	dB
	8,96

	CINR

	CINR
	dB
	-0,70





LEO in S-Band with Handheld
2.1.11 Satellite characteristics
We have considered the Set 1 satellite parameters for LEO satellites located at 600 km altitude and operated in S-band coming from Table 6.1.1-1 of [2]. We focused the link budget analysis on the 600 km LEO configuration since it seems to be the best option to provide direct access services to handheld devices. For both uplink and downlink transmissions, we applied a loss of 3 dB on the satellite antenna gain as it would be the case if the terminal was located at the edges of the HPBW coverage.
2.1.12 Terminal characteristics
We have considered handheld terminals. The handheld terminal characteristics used here are coming from Table 6.1.1-3 of [2].
2.1.13 Frequency reuse factor and polarization reuse
We assumed a frequency reuse factor of 3. Furthermore, polarization reuse is disabled since handheld terminal antennas are linearly polarized. As a consequence, the beam layout described on Figure 1 is adopted. From our perspective, it is probably the most promising configuration when linear polarized terminals should be considered in the system.
[image: ]
Figure 2 : Adopted beam layout for LEO in S-band configuration
2.1.14 Elevation angle
We assumed an elevation angle of 30° on the transmission link as instructed in section 6.1.3 of [2].
2.1.15 Atmospheric loss
Concerning the atmospheric loss, we assumed the  values proposed in Figure 6 of [4] at 2 GHz for both downlink and uplink transmissions.
2.1.16 Scintillation loss
Concerning the scintillations loss, only the ionospheric scintillation loss are considered. If we assume having a LEO constellation based on inclined orbits then no service access is provided in the high latitudes regions. As a consequence, the most severe scintillation loss experienced on ionospheric paths will be observed in the equatorial areas.
Based on the procedure defined in section 6.6.6.1.4 of [1], we derived a  value based on the statistic curves displayed on Figure 3. The I5 curve is representative of one of the most intensive scintillation periods and corresponds to the right elevation angle. We considered the  value given at 1% of time :

Then, we proceeded to the frequency scaling.

Finally, we derived the following scintillation loss.

[image: ]
[bookmark: _Ref15906113]Figure 3 : Annual statistics of peak-to-peak fluctuations observed at Hong Kong earth station (Curves I1, P1, I3-I6, P3-P6) and Taipei earth station (Curves P2 and I2). Extracted from [1]
2.1.17 Shadowing margin 
Concerning the shadowing margin, we assumed a 3 dB margin as instructed in section 6.1.3 of [2] when VSAT terminals are considered.
2.1.18 Additional margins
Finally, no additional margins were assumed.
2.1.19 Carrier to Interference Ratio (CIR)
The CIR values considered here are also coming from calibration results. The bore sight direction of the central beam is chosen such that the central beam center elevation angle is fixed at 30°. 
This time the shadow fading model has been considered during the calibration procedure (based on the instructions described in section 6.6.2 of [1]) since handheld terminals are considered.
The CIR CDF values at 1%, 50% and 99% are reported in Table 4. Once again, we have considered the 1% of time value for the link budget computations.
[bookmark: _Ref15818690]Table 4 : CIR CDF values on DL and UL transmissions for LEO-600 in S-Band with handheld terminals
	% of time CIR < X
	X [dB] for DL
	X [dB] for UL

	1%
	9.38
	6.27

	50 %
	10.59
	10.81

	99 %
	11.07
	15.58



2.1.20 Link budget analysis

The results captured in Table 5 and Table 6 should be taken in to account by RAN WG1 to carry out the link budget analysis in LEO based NTN.
2.1.20.1 Down Link
[bookmark: _Ref15909181]Table 5 : Down Link budget analysis for LEO in S-Band with handheld terminals
	Satellite parameters
	-
	Set 1

	Satellite
	-
	LEO

	Altitude
	km
	600,00

	Frequency band
	-
	S

	Frequency
	GHz
	2,00

	Elevation
	deg
	30,00

	Polarization reuse
	-
	NO

	Frequency reuse factor
	-
	3

	System bandwidth
	MHz
	30,00

	Bandwidth per beam
	MHz
	10,00

	Max bandwidth per UE
	MHz
	10,00

	EIRP

	EIRP density
	dBW/MHz
	34,00

	Antenna gain loss
	dBi
	3,00

	EIRP
	dBW
	41,00

	G/T

	N_f
	dB
	7,00

	Ta
	K
	290,00

	T0
	K
	290,00

	G_R
	dBi
	3,00

	L_p
	dB
	3,00

	G/T
	dB/K
	-31,62

	Boltzmann constant

	k
	dBW/K/Hz
	-228,60

	Free Space Loss

	PL_FS
	dB
	159,10

	Atmospheric Loss

	A_zenith
	dB
	0,04

	PL_A
	dB
	0,07

	Scintillation Loss

	P_fluc
	dB
	8,48

	PL_S
	dB
	6,00

	Shadowing Margin

	PL_SM
	dB
	3,00

	Additional Margin

	PL_AD
	dB
	0,00

	CNR

	CNR
	dB
	-0,19

	CIR

	CIR (from calibration results)
	dB
	9,38

	CINR

	CINR
	dB
	-0,65



2.1.20.2 Up Link
[bookmark: _Ref15909188]Table 6 : Up Link budget analysis for LEO-600 in S-Band with handheld terminals
	Satellite parameters
	-
	set 1

	Satellite
	-
	LEO

	Altitude
	km
	600,00

	Frequency band
	-
	S

	Frequency
	GHz
	2,00

	Elevation
	deg
	30,00

	Polarization reuse
	-
	NO

	Frequency reuse factor
	-
	3

	System bandwidth
	MHz
	30,00

	Bandwidth per beam
	MHz
	10,00

	Max bandwidth per UE
	MHz
	1,00

	EIRP

	P
	dBW
	-6,9897

	G_T
	dBi
	3

	L_C
	dB
	0,00

	EIRP
	dBW
	-3,99

	G/T

	Max G/T
	dB/K
	1,1

	Antenna gain loss
	dBi
	3

	L_P
	dB
	3

	G/T
	dB/K
	-4,9

	Boltzmann constant

	k
	dBW/K/Hz
	-228,60

	Free Space Loss

	PL_FS
	dB
	159,10

	Atmospheric Loss

	A_zenith
	dB
	0,04

	PL_A
	dB
	0,07

	Scintillation Loss

	P_fluc
	dB
	8,48

	PL_S
	dB
	6,00

	Shadowing Margin

	PL_SM
	dB
	3,00

	Additional Margin

	PL_AD
	dB
	0,00

	CNR

	CNR
	dB
	-8,46

	CIR

	CIR (from calibration results)
	dB
	6,27

	CINR

	CINR
	dB
	-8,60



One can observe that the CNR and CINR reach very low values in this worst case scenario. One should recall that the values presented here are representative of a small portion of time.

Moreover, there are alternatives to increase the CNR :
· Increase the satellite G/T
· Increase the UE’s power and/or UE’s antenna gain
· Increase the number of satellites composing the constellation such that the minimal elevation angle is increased.
The UE bandwidth cannot be reduced to a lower value since the PRACH must be spread over no less than 1080 kHz if the lowest numerology is considered.


3. Conclusion
In this paper, the following proposals have been made :
1. The results captured in Table 2 and Table 3 should be taken in to account by RAN WG1 to carry out the link budget analysis in GEO based NTN.
The results captured in  and  should be taken in to account by RAN WG1 to carry out the link budget analysis in LEO based NTN.
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