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Introduction
A study item on Non Terrestrial Network (NTN) has been started. According to the SID[1], the following is to be studied in RAN1. 
 
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]

In RAN1#97, some system level evaluation assumptions were agreed, and then residual assumptions were discussed and agreed in RAN1#98. In this document, our evaluation results for calibration are provided. In addition, link budget analysis based on the system level evaluation results is shown. 

Evaluation results for calibration 
System level simulations for calibration were conducted based on the propagation model in [2] and simulation assumptions agreed in RAN1#97 and RAN1#98. Simulation assumptions are based on [3] and [4]. GEO, LEO 600km and LEO 1200km with parameter set-1 (smaller cell size) and set-2 (larger cell size) are evaluated. Two types of UE defined in [3] (i.e. VSAT for Ka-band and Handheld for S-band) are evaluated. Atmospheric absorption [2] are assumed for both S-band and Ka-band. No scintillation loss is assumed. Frequency reuse option 1 (reuse 1), option 2 (reuse 3) and option 3 (reuse 2 + polarization reuse) as shown in Figure 1 are evaluated. For frequency reuse option 1, 19-beams and additional two tiers beams (i.e. 61-beams) are considered, and for frequency reuse option 2 and option 3, 19-beams and additional four tires beams (i.e. 127-beams) are considered. UEs are dropped in the only central 19-beams area. Beams with same frequency and polarization are treated as interference. For statistics, UEs in the central 19-beams are used for all frequency reuse options. Additionally, in RAN1#98, calibration study cases were listed and prioritized [4]. In this document, evaluation results for the listed cases are shown. Additionally, evaluation results are provided in the attached excel format.
Simulation results of the coupling loss and geometry SINR distribution for each scenario are shown from Figure 2 to Figure 7. Figure 2, Figure 3 and Figure 4 show results of satellite parameter set-1for GEO, LEO-600km and LEO-1200km, respectively. In Figure 5, Figure 6 and Figure 7, results of set-2 are shown as well. In each figure, upper side graph is Ka-band result, and lower side graph is S-band result. In the Ka-band graph, geometry SINRs for frequency option 1, 2 and 3 are shown, on the other hand, in the S-band graph, geometry SINRs for frequency option 1 and 2 are shown.
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[bookmark: _Ref16261958]Figure 1  frequency reuse options 

Considerations 
· For frequency reuse option 1 (i.e. reuse factor 1), lower limits of SINR for GEO are -5dB for Set-1(-7dB for Set-2), and those of LEO case are -4dB for Set-1(-6dB for Set-2). And, upper limits of SINR for both GEO and LEO are about 2dB. Therefore, SINR distribution range of NTN seems to be smaller than that of the terrestrial network.
· To apply frequency reuse option 2 (i.e. reuse factor 3), we can see over 5dB improvement in 50%-tile SINR compared to the option 1. Moreover, frequency reuse option 3 (i.e. reuse factor 2 + polarization reuse) has about 1dB gain from the option 2 in terms of SINR improvement. 
· For frequency reuse option 2 and 3, SINR distribution range is smaller than that of option 1. The SINR ranges of option 2 and 3 in Set-1 are about 3dB. It is equivalent to the beam area which is defined by 3dB lower than the beam centre level.



Evaluation results 
< GEO, Set-1 >
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Ka-band (Study Case 1, 2 and 3)
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S-band (Study Case 4 and 5)
[bookmark: _Ref21014231]Figure 2   Calibration results for GEO, Set-1



< LEO-600km, Set-1 >
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Ka-band (Study Case 6, 7 and 8)
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S-band (Study Case 9 and 10)
[bookmark: _Ref21014289]Figure 3   Calibration results for LEO-600km, Set-1



< LEO-1200km, Set-1 >
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Ka-band (Study Case 11, 12 and 13)
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S-band (Study Case 14 and 15)
[bookmark: _Ref21014197]Figure 4   Calibration results for LEO-1200km, Set-1




< GEO, Set-2 >
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Ka-band (Study Case 16, 17 and 18)
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S-band (Study Case 19 and 20)
[bookmark: _Ref21076176]Figure 5   Calibration results for GEO, Set-2



< LEO-600lm, Set-2 >
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Ka-band (Study Case 21, 22 and 23)
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S-band (Study Case 24 and 25)
[bookmark: _Ref21076179]Figure 6   Calibration results for LEO-600km, Set-2

< LEO-1200km, Set-2 >
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Ka-band (Study Case 26, 27 and 28)
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S-band (Study Case 29 and 30)
[bookmark: _Ref21075946]Figure 7   Calibration results for LEO-1200km, Set-2

Link budget 
Link budget is calculated based on the agreed condition in [4] and [5]. Link budget results are shown from Table 1 to Table 4. Table 1 and Table 2 show downlink link budget results for the satellite parameter set-1 and set-2, respectively. Table 3 and Table 4 show uplink link budget results for the satellite parameter set-1 and set-2, respectively. The CIR in the tables is evaluated by system level evaluation. For frequency reuse, three options are evaluated and shown in the tables. As well as calibration results, link budget results are also provided in the attached excel format.
[bookmark: _Ref21021105]Table 1 Link budget for DL Set 1, GEO, LEO1200km, LEO600km, frequency reuse option 1, 2 and 3
	Parameters
	Unit
	Assumptions / Values

	Terminal
	　
	VSAT(Ka-band)
	handheld(S-band)

	Satellite altitude
	km
	35786
	600
	1200
	35786
	600
	1200

	Frequency
	GHz
	20
	20
	20
	2
	2
	2

	Frequency reuse Option 1 (reuse factor 1)


	Frequency reuse
	　
	1
	1
	1
	1
	1
	1

	Bandwidth
	MHz
	400
	400
	400
	30
	30
	30

	Frequency reuse Option 2 (reuse factor 3)

	Frequency reuse
	
	3
	3
	3
	3
	3
	3

	Bandwidth
	MHz
	133.3
	133.3
	133.3
	10
	10
	10

	Frequency reuse Option 3 (reuse factor 2 + polarization 2)

	Frequency reuse
	
	2
	2
	2
	-
	-
	-

	Bandwidth
	MHz
	200
	200
	200
	-
	-
	-

	Elevation angle
	degree
	10
	30
	30
	10
	30
	30

	Maximum distance
	km
	40586
	1075.1
	1998.9
	40586
	1075.1
	1998.9

	Propagation

	Free space path loss
	dB
	210.6
	179.1
	184.5
	190.6
	159.1
	164.5

	Atmospheric path loss
	dB
	1.44
	0.5
	0.5
	0.2
	0
	0

	Scintillation loss
	dB
	1.08
	0.3
	0.3
	2.2
	2.2
	2.2

	Shadowing margin
	dB
	0
	0
	0
	3
	3
	3

	Additional loss
	dB
	0
	0
	0
	0
	0
	0

	Receiver

	Tx power
	dBW
	-
	-
	-
	-
	-
	-

	Cable loss
	dB
	-
	-
	-
	-
	-
	-

	antenna gain
	dBi
	58.5
	38.5
	38.5
	51
	30
	30

	EIRP density
	dBW/MHz
	40
	4
	10
	59
	34
	40

	Frequency reuse Option 1 (reuse factor 1)

	EIRP
	dBW
	66.0
	30.0
	36.0
	73.8
	48.8
	54.8

	EIRP
	dBm
	96.0
	60.0
	66.0
	103.8
	78.8
	84.8

	Frequency reuse Option 2 (reuse factor 3)

	EIRP
	dBW
	61.2
	25.2
	31.2
	69.0
	44.0
	50.0

	EIRP
	dBm
	91.2
	55.2
	61.2
	99.0
	74.0
	80.0

	Frequency reuse Option 3 (reuse factor 2 + polarization 2)

	EIRP
	dBW
	63.0
	27.0
	33.0
	-
	-
	-

	EIRP
	dBm
	93.0
	57.0
	63.0
	-
	-
	-

	Transmitter

	antenna gain
	dBi
	39.7
	39.7
	39.7
	0
	0
	0

	number of element
	　
	1
	1
	1
	2
	2
	2

	polarization loss
	dB
	0
	0
	0
	3
	3
	3

	Noise Figure
	dB
	1.2
	1.2
	1.2
	7
	7
	7

	ambient temprature(T0)
	K
	290
	290
	290
	290
	290
	290

	Antenna temperature(Ta)
	K
	150
	150
	150
	290
	290
	290

	G/T
	dB/K
	15.9
	15.9
	15.9
	-31.6
	-31.6
	-31.6

	Output

	CNR (based on calculation)
	dB
	11.3
	8.6
	9.2
	-0.1
	6.7
	7.3

	Frequency reuse Option 1 (reuse factor 1)

	Study case
	
	Case 1
	Case 6
	Case 11
	Case 4
	Case 9
	Case 14

	CIR (based on geometry)
	dB
	1.7
	1.8
	1.3
	1.2
	1.7
	1.7

	CNIR
	dB
	1.3
	0.9
	0.6
	-2.5
	0.5
	0.4

	Frequency reuse Option 2 (reuse factor 3)

	Study case
	
	Case 2
	Case 7
	Case 12
	Case 5
	Case 10
	Case 15

	CIR (based on geometry)
	dB
	13.8
	12.2
	11.6
	14.0
	12.1
	11.9

	CNIR
	dB
	9.4
	7.0
	7.2
	-0.2
	5.6
	6.0

	Frequency reuse Option 3 (reuse factor 2 + polarization 2)

	Study case
	
	Case 3
	Case 8
	Case 13
	-
	-
	-

	CIR (based on geometry)
	dB
	13.1
	13.6
	13.3
	-
	-
	-

	CNIR
	dB
	9.1
	7.4
	7.8
	-
	-
	-




[bookmark: _Ref21082556]Table 2 Link budget for DL Set 2, GEO, LEO1200km, LEO600km, frequency reuse option 1, 2 and 3
	Parameters
	Unit
	Assumptions / Values

	Terminal
	
	VSAT(Ka-band)
	handheld(S-band)

	Satellite altitude
	km
	35786
	600
	1200
	35786
	600
	1200

	Frequency
	GHz
	20
	20
	20
	2
	2
	2

	Frequency reuse Option 1 (reuse factor 1)

	Frequency reuse
	
	1
	1
	1
	1
	1
	1

	Bandwidth
	MHz
	400
	400
	400
	30
	30
	30

	Frequency reuse Option 2 (reuse factor 3)

	Frequency reuse
	
	3
	3
	3
	3
	3
	3

	Bandwidth
	MHz
	133.3
	133.3
	133.3
	10
	10
	10

	Frequency reuse Option 3 (reuse factor 2 + polarization 2)

	Frequency reuse
	
	2
	2
	2
	-
	-
	-

	Bandwidth
	MHz
	200
	200
	200
	-
	-
	-

	Elevation angle
	degree
	10
	30
	30
	10
	30
	30

	Maximum distance
	km
	40586
	1075.1
	1998.9
	40586
	1075.1
	1998.9

	Propagation

　
　
　
　
　
　

	Free space path loss
	dB
	210.6
	179.1
	184.5
	190.6
	159.1
	164.5

	atmospheric path loss
	dB
	1.44
	0.5
	0.5
	0.2
	0
	0

	Scintillation loss
	dB
	1.08
	0.3
	0.3
	2.2
	2.2
	2.2

	shadowing margin
	dB
	0
	0
	0
	3
	3
	3

	additional loss
	dB
	0
	0
	0
	0
	0
	0

	Transmitter
　
　
　
　
　
　
　

	Tx power
	dBW
	-
	-
	-
	-
	-
	-

	Cable loss
	dB
	-
	-
	-
	-
	-
	-

	antenna gain
	dBi
	50.5
	30.5
	30.5
	45.5
	24
	24

	EIRP density
	dBW/MHz
	32
	-4
	2
	53.5
	28
	34

	Frequency reuse Option 1 (reuse factor 1)

	EIRP
	dBW
	58.0
	22.0
	28.0
	68.3
	42.8
	48.8

	EIRP dBm
	dBm
	88.0
	52.0
	58.0
	98.3
	72.8
	78.8

	Frequency reuse Option 2 (reuse factor 3)

	EIRP
	dBW
	53.2
	17.2
	23.2
	63.5
	38.0
	44.0

	EIRP dBm
	dBm
	83.2
	47.2
	53.2
	93.5
	68.0
	74.0

	Frequency reuse Option 3 (reuse factor 2 + polarization 2)

	EIRP
	dBW
	55.0
	19.0
	25.0
	-
	-
	-

	EIRP dBm
	dBm
	85.0
	49.0
	55.0
	-
	-
	-

	Receiver
　
　
　
　
　
　
　

	antenna gain
	dBi
	39.7
	39.7
	39.7
	0
	0
	0

	number of element
	　
	1
	1
	1
	2
	2
	2

	polarization loss
	dB
	0
	0
	0
	3
	3
	3

	Noise Figure
	dB
	1.2
	1.2
	1.2
	7
	7
	7

	ambient temprature(T0)
	K
	290
	290
	290
	290
	290
	290

	Antenna temperature(Ta)
	K
	150
	150
	150
	290
	290
	290

	G/T
	dB/K
	15.9
	15.9
	15.9
	-31.6
	-31.6
	-31.6

	Output
　
　
　
　
　
　
　

	CNR (based on calculation)
	dB
	3.3
	0.6
	1.2
	-5.6
	0.7
	1.3

	Frequency reuse Option 1 (reuse factor 1)

	Study case
	
	Case 16
	Case 21
	Case 26
	Case 19
	Case 24
	Case 29

	CIR (based on geometry)
	dB
	1.1
	1.7
	1.4
	0.6
	1.9
	2.4

	CNIR
	dB
	-1.0
	-1.9
	-1.8
	-6.5
	-1.8
	-1.2

	Frequency reuse Option 2 (reuse factor 3)

	Study case
	
	Case 17
	Case 22
	Case 27
	Case 20
	Case 25
	Case 30

	CIR (based on geometry)
	dB
	14.0
	12.1
	11.9
	14.2
	14.1
	11.7

	CNIR
	dB
	2.9
	0.3
	0.8
	-5.6
	0.5
	0.9

	Frequency reuse Option 3 (reuse factor 2 + polarization 2)

	Study case
	
	Case 18
	Case 23
	Case 28
	-
	-
	-

	CIR (based on geometry)
	dB
	12.8
	13.4
	13.9
	-
	-
	-

	CNIR
	dB
	2.8
	0.3
	0.9
	-
	-
	-




[bookmark: _Ref21021107]Table 3 Link budget for UL Set 1, GEO, LEO1200km, LEO600km, frequency reuse option 1, 2 and 3
	Parameters
	Unit
	Assumptions / Values

	Terminal
	　
	VSAT(Ka-band)
	handheld(S-band)

	Satellite altitude
	km
	35786
	600
	1200
	35786
	600
	1200

	Frequency
	GHz
	30
	30
	30
	2
	2
	2

	Frequency reuse Option 1 (reuse factor 1)

	Frequency reuse
	　
	1
	1
	1
	1
	1
	1

	Bandwidth
	MHz
	400
	400
	400
	0.36
	0.36
	0.36

	Frequency reuse Option 2 (reuse factor 3)

	Frequency reuse
	　
	3
	3
	3
	3
	3
	3

	Bandwidth
	MHz
	133.3
	133.3
	133.3
	0.36
	0.36
	0.36

	Frequency reuse Option 3 (reuse factor 2 + polarization 2)

	Frequency reuse
	　
	2
	2
	2
	-
	-
	-

	Bandwidth
	MHz
	200
	200
	200
	-
	-
	-

	Elevation angle
	degree
	10
	30
	30
	10
	30
	30

	Maximum distance
	km
	40586
	1075.1
	1998.9
	40586
	1075.1
	1998.9

	Propagation


	Free space path loss
	dB
	214.2
	182.6
	188.0
	190.6
	159.1
	164.5

	atmospheric path loss
	dB
	1.44
	0.5
	0.5
	0.2
	0
	0

	scintillation loss
	dB
	1.08
	0.3
	0.3
	2.2
	2.2
	2.2

	shadowing margin
	dB
	0
	0
	0
	3
	3
	3

	additional loss
	dB
	0
	0
	0
	0
	0
	0

	Transmitter


	Tx power
	dBm
	33
	33
	33
	23
	23
	23

	Cable loss
	dB
	0
	0
	0
	0
	0
	0

	antenna gain
	dBi
	43.2
	43.2
	43.2
	0
	0
	0

	number of element
	　
	1
	1
	1
	1
	1
	1

	EIRP density
	dBW/MHz
	-
	-
	-
	-
	-
	-

	EIRP
	dBW
	46.2
	46.2
	46.2
	-7.0
	-7.0
	-7.0

	EIRP
	dBm
	76.2
	76.2
	76.2
	23.0
	23.0
	23.0

	Receiver


	antenna gain
	dBi
	51
	30
	30
	51
	30
	30

	polarization loss
	dB
	0
	0
	0
	0
	0
	0

	Noise Figure
	dB
	-
	-
	-
	-
	-
	-

	ambient temprature(T0)
	K
	-
	-
	-
	-
	-
	-

	Antenna temperature(Ta)
	K
	-
	-
	-
	-
	-
	-

	G/T
	dB/K
	28.0
	13.0
	13.0
	19.0
	1.1
	1.1

	Output


	Frequency reuse Option 1 (reuse factor 1)

	Study case
	
	Case 1
	Case 6
	Case 11
	Case 4
	Case 9
	Case 14

	CNR (based on calculation)
	dB
	0.1
	18.4
	13.0
	-11.0
	2.8
	-2.5

	CIR (based on geometry)
	dB
	6.2
	5.2
	5.4
	1.4
	2.1
	1.7

	CNIR
	dB
	-0.9
	5.0
	4.7
	-11.2
	-0.5
	-3.9

	Frequency reuse Option 2 (reuse factor 3)

	Study case
	
	Case 2
	Case 7
	Case 12
	Case 5
	Case 10
	Case 15

	CNR (based on calculation)
	dB
	4.9
	23.1
	17.7
	-11.0
	2.8
	-2.5

	CIR (based on geometry)
	dB
	16.3
	14.4
	14.3
	13.5
	12.0
	11.7

	CNIR
	dB
	4.6
	13.8
	12.7
	-11.0
	2.3
	-2.7

	Frequency reuse Option 3 (reuse factor 2 + polarization 2)

	Study case
	
	Case 3
	Case 8
	Case 13
	-
	-
	-

	CNR (based on calculation)
	dB
	3.1
	21.4
	16.0
	-
	-
	-

	CIR (based on geometry)
	dB
	18.0
	16.5
	16.6
	-
	-
	-

	CNIR
	dB
	3.0
	15.2
	13.3
	-
	-
	-







[bookmark: _Ref21082523]Table 4 Link budget for UL Set 2, GEO, LEO1200km, LEO600km, frequency reuse option 1, 2 and 3
	Parameters
	Unit
	Assumptions

	Terminal
	
	VSAT(Ka-band)
	handheld(S-band)

	Satellite altitude
	km
	35786
	600
	1200
	35786
	600
	1200

	Frequency
	GHz
	30
	30
	30
	2
	2
	2

	Frequency reuse Option 1 (reuse factor 1)

	Frequency reuse
	
	1
	1
	1
	1
	1
	1

	Bandwidth
	MHz
	400
	400
	400
	0.36
	0.36
	0.36

	Frequency reuse Option 2 (reuse factor 3)

	Frequency reuse
	
	3
	3
	3
	3
	3
	3

	Bandwidth
	MHz
	133.3
	133.3
	133.3
	0.36
	0.36
	0.36

	Frequency reuse Option 3 (reuse factor 2 + polarization 2)

	Frequency reuse
	
	2
	2
	2
	-
	-
	-

	Bandwidth
	MHz
	200
	200
	200
	-
	-
	-

	Elevation angle
	degree
	10
	30
	30
	10
	30
	30

	Maximum distance
	km
	40586
	1075.1
	1998.9
	40586
	1075.1
	1998.9

	Propagation
　
　
　
　
　
　
　

	Free space path loss
	dB
	214.2
	182.6
	188.0
	190.6
	159.1
	164.5

	atmospheric path loss
	dB
	1.44
	0.5
	0.5
	0.2
	0
	0

	Scintillation loss
	dB
	1.08
	0.3
	0.3
	2.2
	2.2
	2.2

	shadowing margin
	dB
	0
	0
	0
	3
	3
	3

	additional loss
	dB
	0
	0
	0
	0
	0
	0

	Transmitter
　
　
　
　
　
　
　

	Tx power
	dBm
	33
	33
	33
	23
	23
	23

	Cable loss
	dB
	0
	0
	0
	0
	0
	0

	antenna gain
	dBi
	43.2
	43.2
	43.2
	0
	0
	0

	number of element
	　
	1
	1
	1
	1
	1
	1

	EIRP density
	dBW/MHz
	-
	-
	-
	-
	-
	-

	EIRP
	dBW
	46.2
	46.2
	46.2
	-7.0
	-7.0
	-7.0

	EIRP dBm
	dBm
	76.2
	76.2
	76.2
	23.0
	23.0
	23.0

	Receiver
　
　
　
　
　
　
　

	antenna gain
	dBi
	54
	34
	34
	45.5
	24
	24

	polarization loss
	dB
	0
	0
	0
	0
	0
	0

	Noise Figure
	dB
	-
	-
	-
	-
	-
	-

	ambient temprature(T0)
	K
	-
	-
	-
	-
	-
	-

	Antenna temperature(Ta)
	K
	-
	-
	-
	-
	-
	-

	G/T
	dB/K
	20.0
	5.0
	5.0
	14.0
	-4.9
	-4.9

	Output
　
　
　
　
　
　
　

	Frequency reuse Option 1 (reuse factor 1)

	Study case
	
	Case 16
	Case 21
	Case 26
	Case 19
	Case 24
	Case 29

	CNR (based on calculation)
	dB
	-7.9
	10.4
	5.0
	-16.0
	-3.2
	-8.5

	CIR (based on geometry)
	dB
	5.8
	5.0
	5.4
	1.3
	1.6
	2.0

	CNIR 
	dB
	-8.1
	3.9
	2.2
	-16.1
	-4.4
	-8.9

	Frequency reuse Option 2 (reuse factor 3)

	Study case
	
	Case 17
	Case 22
	Case 27
	Case 20
	Case 25
	Case 30

	CNR (based on calculation)
	dB
	-3.1
	15.1
	9.7
	-16.0
	-3.2
	-8.5

	CIR (based on geometry)
	dB
	15.8
	13.9
	14.4
	13.5
	11.5
	11.7

	CNIR 
	dB
	-3.2
	11.5
	8.5
	-16.0
	-3.3
	-8.6

	Frequency reuse Option 3 (reuse factor 2 + polarization 2)

	Study case
	
	Case 18
	Case 23
	Case 28
	-
	-
	-

	CNR (based on calculation)
	dB
	-4.9
	13.4
	8.0
	-
	-
	-

	CIR (based on geometry)
	dB
	17.7
	16.1
	16.6
	-
	-
	-

	CNIR 
	dB
	-4.9
	11.5
	7.4
	-
	-
	-



Conclusion
System level evaluation results for calibration are provided in this contribution. Link budget calculation results are also provided. Geometry evaluation results and link budget for all cases are included in the attached spread sheets. 
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