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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we provide the link budget results for NTN scenarios w.r.t updated assumptions from RAN1 #98b [1]: 
[bookmark: _Ref129681832]Agreement:
The computation of the CIR as per the previous agreement is clarified as follows.	
· Compute CIR for uplink by averaging over 10 simultaneously transmitting UEs (applies to both handheld and VSAT cases) randomly distributed over the reference beam (UE coverage assumption of table 6.1.1-5 in TR 38.821).
· The averaging should be performed over multiple realizations. 
· Compute CIR for downlink averaging over UEs randomly distributed over the reference beam.
Agreement:
For the CIR/CNR/CNIR value computation for link budgets, the minimum elevation angle of the reference beam boresight should be set to 12.5° for the GEO Set-1 case, to ensure that the reference beam footprint is completely on Earth. 
Agreement:
For the CIR/CNR/CNIR value computation for link budgets, the minimum elevation angle of the reference beam boresight should be set to 20° for the GEO Set-2 case, to ensure that the reference beam footprint is completely on Earth. 

Discussion on link budget
In this section, link budget under different scenarios are evaluated as NTNs are quite different compared with terrestrial network. The link budget or carrier-to-noise-and-interference ratio (CNIR) of transmission link between transmitter and receiver can be derived by carrier-to-noise ratio (CNR) and carrier-to-interference ratio (CIR) as below [2]
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where CNR calculation is agreed in RAN1#98 [18] as follows 
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the parameters in the above equations are
· EIRP: effective isotropic radiated power
· G/T: figure of merit of the receiver
· k: Boltzmann constant (-228.6 dBW/K/Hz)
· : free space path loss
·  : atmospheric path loss due to gases and rain fades
·  : additional loss
·  : shadowing margin
·  : scintillation loss
· : channel bandwidth
· : antenna transmit power, 
· : cable loss,
· : transmit antenna gain
· : receive antenna gain
· : noise figure
· : ambient temperature (usually 290K)
· : antenna temperature (typically 290 K with 0 dBi gain and 150 K with >30 dBi gain).
· : carrier frequency in GHz
· : distance between transmitter and receiver
· : zenith attenuation of frequency f
· : elevation angle
· : transmit antenna element gain 
· : number of transmit antenna elements
· : polarization loss
· D: equivalent antenna diameter
· : wavelength
Parameters for link budget analysis
The system level simulation parameters of satellite and UE agreed by RAN1#97 [3] in Table X.1, Table X.2 and Table X.3 and parameter configuration agreed by RAN1#98 [2] in Table 6.1.3.2-1 can be referred for link budget analysis. Antenna apertures for Ka-band are updated according to the #98b agreement [1].Specifically, G/T for DL can be calculated by equation (4) with  and  in Table X.3. EIRP for UL can be evaluated by equation (3), EIPR for DL can be calculated by channel bandwidth (system bandwidth/frequency reuse factor) and the EIRP density in Table X.1 and Table X.2. Cable loss is introduced according to Table 4.4-1 in [4]. UE characteristic can be referred in [2]. The distance between satellite and UE is evaluated by the geometry of Figure 5.3.4.4-1 in [4]. Zenith attenuation for calculation of  is illustrated in Figure 6 in [5] from 1 to 350 GHz. Note that, at frequencies below 10 GHz,  may normally be neglected. The following Table 7 presents the link budget under different communication scenarios. In each scenario, CIR is the average CIR collected for 1000 UEs located in the central beam of 19-beamlayout and interferences from beams that have partial or full coverage outside the earth are neglected according to the agreement in [2]. 

Table 1: Link budget results 
	Case
	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency/ Polarization Reuse
	UL/DL
	CNR [dB]
	CIR [dB]
	CINR [dB]

	1
	GEO
	Set 1
	12.5 deg
	VSAT
	Ka-band
	Option 1
	DL
	11.41
	2.26
	1.76

	
	
	
	
	
	
	
	UL
	-0.01
	2.19
	-2.06

	2
	GEO
	Set 1
	12.5 deg
	VSAT
	Ka-band
	Option 2
	DL
	11.41
	11.68
	8.53

	
	
	
	
	
	
	
	UL
	4.76
	11.67
	3.96

	3*
	GEO
	Set 1
	12.5 deg
	VSAT
	Ka-band
	Option 3
	DL
	11.41
	12.11
	8.73

	
	
	
	
	
	
	
	UL
	3.00
	12.10
	2.50

	4*
	GEO
	Set 1
	12.5 deg
	Handheld
	S-band
	Option 1
	DL
	0.20
	7.05
	-0.62

	
	
	
	
	
	
	
	UL
	-10.74
	7.02
	-10.82

	5*
	GEO
	Set 1
	12.5 deg
	Handheld
	S-band
	Option 2
	DL
	0.20
	12.12
	-0.07

	
	
	
	
	
	
	
	UL
	-10.74
	12.12
	-10.77

	6
	LEO-600
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 1
	DL
	8.46
	1.82
	0.97

	
	
	
	
	
	
	
	UL
	17.91
	1.71
	1.61

	7
	LEO-600
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 2
	DL
	8.46
	10.66
	6.41

	
	
	
	
	
	
	
	UL
	22.68
	10.56
	10.30

	8*
	LEO-600
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 3
	DL
	8.46
	12.32
	6.96

	
	
	
	
	
	
	
	UL
	20.92
	12.27
	11.71

	9
	LEO-600
	Set 1
	30 deg
	Handheld
	S-band
	Option 1
	DL
	6.68
	1.95
	0.69

	
	
	
	
	
	
	
	UL
	2.84
	1.90
	-0.67

	10
	LEO-600
	Set 1
	30 deg
	Handheld
	S-band
	Option 2
	DL
	6.68
	10.97
	5.30

	
	
	
	
	
	
	
	UL
	2.84
	11.00
	2.22

	11*
	LEO-1200
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 1
	DL
	9.07
	1.41
	0.72

	
	
	
	
	
	
	
	UL
	12.52
	1.28
	0.96

	12*
	LEO-1200
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 2
	DL
	9.07
	10.14
	6.56

	
	
	
	
	
	
	
	UL
	17.29
	10.06
	9.30

	13*
	LEO-1200
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 3
	DL
	9.07
	12.19
	7.35

	
	
	
	
	
	
	
	UL
	15.53
	12.19
	10.54

	14*
	LEO-1200
	Set 1
	30 deg
	Handheld
	S-band
	Option 1
	DL
	7.29
	1.68
	0.62

	
	
	
	
	
	
	
	UL
	-2.55
	1.66
	-3.95

	15*
	LEO-1200
	Set 1
	30 deg
	Handheld
	S-band
	Option 2
	DL
	7.29
	10.62
	5.63

	
	
	
	
	
	
	
	UL
	-2.55
	10.60
	-2.75

	16**
	GEO
	Set 2
	20 deg
	VSAT
	Ka-band
	Option 1
	DL
	4.09
	2.15
	0.00

	
	
	
	
	
	
	
	UL
	-7.42
	2.00
	-7.89

	17**
	GEO
	Set 2
	20 deg
	VSAT
	Ka-band
	Option 2
	DL
	4.09
	11.68
	3.39

	
	
	
	
	
	
	
	UL
	-2.65
	11.67
	-2.80

	18**
	GEO
	Set 2
	20 deg
	VSAT
	Ka-band
	Option 3
	DL
	4.09
	12.04
	3.44

	
	
	
	
	
	
	
	UL
	-4.41
	12.00
	-4.50

	19**
	GEO
	Set 2
	20 deg
	Handheld
	S-band
	Option 1
	DL
	-5.14
	2.28
	-5.86

	
	
	
	
	
	
	
	UL
	-15.58
	2.30
	-15.65

	20**
	GEO
	Set 2
	20 deg
	Handheld
	S-band
	Option 2
	DL
	-5.14
	12.09
	-5.22

	
	
	
	
	
	
	
	UL
	-15.58
	12.09
	-15.58

	21**
	LEO-600
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 1
	DL
	0.46
	1.96
	-1.87

	
	
	
	
	
	
	
	UL
	9.91
	1.61
	1.01

	22**
	LEO-600
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 2
	DL
	0.46
	10.96
	0.09

	
	
	
	
	
	
	
	UL
	14.68
	10.74
	9.27

	23**
	LEO-600
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 3
	DL
	0.46
	13.02
	0.22

	
	
	
	
	
	
	
	UL
	12.92
	12.94
	9.92

	24**
	LEO-600
	Set 2
	30 deg
	Handheld
	S-band
	Option 1
	DL
	0.68
	2.77
	-1.41

	
	
	
	
	
	
	
	UL
	-3.16
	2.78
	-4.15

	25**
	LEO-600
	Set 2
	30 deg
	Handheld
	S-band
	Option 2
	DL
	0.68
	12.89
	0.42

	
	
	
	
	
	
	
	UL
	-3.16
	12.90
	-3.27

	26**
	LEO-1200
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 1
	DL
	1.07
	1.66
	-1.65

	
	
	
	
	
	
	
	UL
	4.52
	1.27
	-0.41

	27**
	LEO-1200
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 2
	DL
	1.07
	10.62
	0.61

	
	
	
	
	
	
	
	UL
	9.29
	10.46
	6.83

	28**
	LEO-1200
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 3
	DL
	1.07
	13.05
	0.80

	
	
	
	
	
	
	
	UL
	7.53
	12.95
	6.44

	29**
	LEO-1200
	Set 2
	30 deg
	Handheld
	S-band
	Option 1
	DL
	1.29
	3.17
	-0.88

	
	
	
	
	
	
	
	UL
	-8.55
	3.18
	-8.83

	30**
	LEO-1200
	Set 2
	30 deg
	Handheld
	S-band
	Option 2
	DL
	1.29
	12.79
	0.99

	
	
	
	
	
	
	
	UL
	-8.55
	12.79
	-8.58

	Note: channel bandwidth B for CNR is 360kHz (UL in S-band), system bandwidth/frequency reuse factor (UL in Ka-band), system bandwidth/frequency reuse factor (DL in S and Ka-band)



Observation 1: UL transmission of handheld UE is challenging with high satellite orbit.
Observation 2: VSAT has better link-budgets in general (most are above 0dB and half are above 10dB) 
Proposal 1: Capture the link budget analysis results in this contribution into TR.
Conclusion
Based on the discussion in the previous sections, we made the following observations:
Observation 1: UL transmission of handheld UE is challenging with high satellite orbit.
[bookmark: _GoBack]Observation 2: VSAT has better link-budgets in general (most are above 0dB and half are above 10dB) 
Proposal 1: Capture the link budget analysis results in this contribution into TR.
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