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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A new SI was approved by RAN#80 on studying a set of necessary features/adaptations enabling the operation of NR in non-terrestrial networks (NTN) [1]. Specifically, the link budget for NTN is different from terrestrial network [2]:

	Non Terrestrial Network Design Constraints
	Differences between NTN and cellular systems

	Power limited link budget 
	The main design drivers of satellite and HAPS based communication systems are;
-	To maximise the throughput for a given transmit power from the UE on the UL and from the satellite/HAPS on the DL.
-	To maximise the availability of the service under deep fading situations (typically between 20 and 30 dB in Ka band for 99.95% availability)  



The most significant difference of NTN compared with terrestrial network is that both UL and DL in NTN are power limited. In this contribution we present our views on link budget and system throughput, and provide some simulation results as a benchmark for further study. 

[bookmark: _Ref129681832]Discussion
The link budget (C/(N+I)) in free space between a transmitter and a receiver consists of two parts, carrier power over noise density (C/N) and carrier power over interference noise density (C/I). The general formulas are expressed as below [3]: 
                          (1)
where 

                                      (2)
•C/N (dB): carrier power over noise density ratio
•EIRP (dBW): effective isotropic radiated power
•G/T (dB/K): figure of merit of the receiver, where G is the receiver antenna gain, and T the equivalent system temperature. 
•PLoss (dB): free space loss
•ALOSS (dB): atmospheric path loss due to gases and rain fades
•PMARGINS (dB): shadowing margin
•PPOL (dB): polarization mismatch loss
•PCable (dB): cable loss
•k (dBW/K/Hz): Boltzmann Constant: -228.6 

S Band of LEO and GEO satellites
The following Table 2.1 presents the link budget analysis for S band as well as the assumptions. The terminal is assumed to be identical for different orbit satellites and the parameters are set in accordance with reference [2]. The satellite EIRP and satellite G/T are different for GEO and LEO and we refer the values from [4] and [5].
Table 2.1 Link budget analysis for S band
	
	LEO 600 km
	LEO 1200km
	GEO 35786 km

	Link Parameters

	DL/UL
	Downlink
	Uplink
	Downlink
	Uplink
	Downlink
	Uplink

	Carrier frequency (GHz)
	2
	2
	2
	2
	2
	2

	Total bandwidth (MHz)
	30
	30
	30
	30
	30
	30

	Frequency reusing factor
	3
	3
	3
	3
	3
	3

	Channel bandwidth (MHz)
	10
	10
	10
	10
	10
	10

	Satellite altitude (km)
	600
	600
	1200
	1200
	35786
	35786

	SCS (kHz)
	15
	15
	15
	15
	15
	15

	Number of PRBs
	52
	6
	52
	6
	52
	1

	PRBs bandwidth (MHz)
	9.36
	1.08
	9.36
	1.08
	9.36
	0.18

	Elevation angle ()
	30
	30
	30
	30
	30
	30

	Distance between satellite and UE (km)
	1075.1
	1075.1
	1998.9
	1998.9
	38609
	38609

	Free space path loss (dB)
	159.1
	159.1
	164.5
	164.5
	190.2
	190.2

	Atmospheric loss (Clear sky) (dB)
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	Polarization loss (dB)
	3
	3
	3
	3
	3
	3

	Cable loss (dB)
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	Shadowing margin (dB)
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	Average C/I within a satellite beam (dB)
	16
	16
	16
	16
	16
	16

	Channel model
	AWGN
	AWGN
	AWGN
	AWGN
	AWGN
	AWGN

	Satellite Parameters

	EIRP per channel (dBW)
	35
	-
	41
	
	65
	-

	EIRP density per channel (dBW/MHz)
	25.3
	
	31.3
	
	55.3
	

	Equivalent satellite antenna aperture [Note1]
	2
	2
	2
	2
	22
	22

	Satellite Tx antenna Gain (dBi)
	29
	
	29
	
	50
	

	Satellite Rx antenna Gain (dBi)
	-
	29
	
	29
	-
	50

	Satellite antenna polarization
	Circular
	Circular
	Circular
	Circular
	Circular
	Circular

	Rx antenna noise figure (dB)
	
	2.7
	
	2.7
	
	2.7

	Rx antenna ambient temperature (K)
	290
	-
	290
	
	290
	-

	Rx antenna temperature (K)
	150
	-
	150
	
	150
	-

	Satellite G/T (dB/K)
	-
	3
	
	3
	-
	24

	Terminal Parameters

	Terminal type
	3GPP Class 3

	Terminal G/T (dB/K)
	-33.62
	-
	-33.62
	
	-33.62
	-

	Terminal antenna type
	Omnidirectional antenna (linear)

	Terminal antenna polarization
	Linear
	Linear
	Linear
	Linear
	Linear
	Linear

	Terminal receive antenna gain (dBi)
	0
	-
	0
	
	0
	-

	Terminal noise figure (dB)
	9
	-
	9
	
	9
	-

	Terminal ambient temperature (K)
	290
	-
	290
	
	290
	-

	Terminal antenna temperature (K)
	290
	-
	290
	
	290
	-

	Terminal transmit power (dBW)
	-
	-7
	
	-7
	-
	-7

	Terminal transmit antenna gain (dBi)
	-
	0
	
	0
	-
	0

	Link Budget Results

	Terminal C/(N+I) (dB)
	-4.42
	-
	-3.83
	-
	-5.52
	-

	Satellite C/(N+I)  (dB)
	-
	-0.43
	-
	-5.75
	-
	-2.71

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of [2].



Observation 1: The path loss of GEO scenario is around 30 dB higher than 600 km LEO scenario. Although the EIRP and satellite G/T of GEO scenario is about 30 dB and 21 dB higher than 600km LEO scenario respectively, the C/(N+I) of GEO is still lower than that of LEO.
Observation 2: Due to the transmitter power limitation, it is necessary to enhance the terminal receiver capability when higher C/(N+I) is required.
Observation 3: The EIRP per channel is determined by the satellite payload power capacity and EIRP density is highly related to the frequency reuse factor.

Ka Band of LEO and GEO satellites
The following Table 2.2 presents the link budget analysis for Ka band and the assumptions are also listed in the table. The terminal is assumed to be identical for different orbit satellites and the parameters are set in accordance with reference [2]. The satellite EIRP and satellite G/T are different and referred from [4] and [5].
Table 2.2 Link budget analysis for Ka band
	
	LEO 600 km
	LEO 1200km
	GEO 35786 km

	Link Parameters

	DL/UL
	Downlink
	Uplink
	Downlink
	Uplink
	Downlink
	Uplink

	Carrier frequency (GHz)
	20
	30
	20
	30
	20
	30

	Total bandwidth (MHz)
	400
	400
	400
	400
	400
	400

	Frequency reusing factor
	4
	4
	4
	4
	4
	4

	Channel bandwidth (MHz)
	100
	100
	100
	100
	100
	100

	Satellite altitude (km)
	600
	600
	1200
	1200
	35786
	35786

	SCS (kHz)
	120
	120
	120
	120
	120
	120

	Number of PRBs
	66
	32
	66
	32
	66
	16

	PRBs bandwidth (MHz)
	95.04
	46.08
	95.04
	46.08
	95.04
	23.04

	Elevation angle ()
	30
	30
	30
	30
	30
	30

	Distance between satellite and UE (km)
	1075.1
	1075.1
	1998.9
	1998.9
	38609
	38609

	Free space path loss (dB)
	179.1
	182.62
	184.5
	188.01
	210.2
	213.73

	Atmospheric loss (Clear sky) (dB)
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	Polarization loss (dB)
	0
	0
	0
	0
	0
	0

	Cable loss (dB)
	2
	2
	2
	2
	2
	2

	Shadowing margin (dB)
	5
	5
	5
	5
	5
	5

	Average C/I within a satellite beam (dB)
	16
	16
	16
	16
	16
	16

	Channel model
	AWGN
	AWGN
	AWGN
	AWGN
	AWGN
	AWGN

	Satellite Parameters

	EIRP per channel (dBW)
	35
	-
	41
	-
	65
	-

	EIRP density per channel (dBW/MHz)
	15.2
	
	21.2
	
	45.2
	

	Equivalent satellite antenna aperture [Note1]
	0.2
	0.2
	0.2
	0.2
	2.2
	2.2

	Satellite Tx antenna Gain (dBi)
	29
	-
	29
	-
	50
	-

	Satellite Rx antenna Gain (dBi)
	-
	32.5
	-
	32.5
	-
	53.4

	Satellite antenna polarization
	Circular
	Circular
	Circular
	Circular
	Circular
	Circular

	Rx antenna noise figure (dB)
	
	3.4
	
	3.4
	
	3.4

	Rx antenna ambient temperature (K)
	290
	-
	290
	-
	290
	-

	Rx antenna temperature (K)
	150
	-
	150
	-
	150
	-

	Satellite G/T (dB/K)
	-
	5.5
	-
	5.5
	-
	26.5

	Terminal Parameters

	Terminal type
	VSAT

	Terminal G/T (dB/K)
	15.86
	-
	15.86
	
	15.86
	-

	Terminal antenna type
	60 cm equivalent aperture diameter (circular)

	Terminal antenna polarization
	Circular
	Circular
	Circular
	Circular
	Circular
	Circular

	Terminal receive antenna gain (dBi)
	39.7
	-
	39.7
	-
	39.7
	-

	Terminal noise figure (dB)
	1.2
	-
	1.2
	-
	1.2
	-

	Terminal ambient temperature (K)
	290
	-
	290
	-
	290
	-

	Terminal antenna temperature (K)
	150
	-
	150
	-
	150
	-

	Terminal transmit power (dBW)
	-
	3
	-
	3
	-
	3

	Terminal transmit antenna gain (dBi)
	-
	43.2
	-
	43.2
	-
	43.2

	Link Budget Results

	Terminal C/(N+I) (dB)
	10.57
	-
	10.99
	-
	9.75
	-

	Satellite C/(N+I)  (dB)
	-
	10.96
	-
	6.67
	-
	5.07

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of [2].



Observation 4: Due to the high gain of terminal antenna, Ka band obtains higher C/(N+I) than S band , even though the propagation loss is higher and the channel bandwidth is larger. 
Observation 5: The path loss of Ka band is 20dB higher than S band for all considered scenarios.

Analysis
Based on all the parameters (C/I, EIRP, G/T, k, Ploss, Aloss, Pmargin, PAD), the link budget can be calculated for different scenarios based on formula (1). However, the system throughput is not only related to link budget, but also the system bandwidth and spectrum efficiency. Different systems require different SNR for the same MCS, and the MCS table for downlink and uplink are also different [6]. The detailed simulation assumptions for S band and Ka band are listed in Table A.1 and B.1, respectively. The MCS table introduced for URLLC in NR Rel-15 are employed. Table A.2-4 and Table B.2-4 provide the mapping between MCS and SNR for PDSCH and PUSCH. Each MCS entry is mapped to a specific SNR and throughput, as well as spectrum efficiency. With these tables, the corresponding throughput of each scenario can be obtained and the summary of link budget analysis is shown in Table 3.1 and Table 3.2. 

Table 3.1 Downlink Link budget summary of different scenarios
	Downlink
	S Band
	Ka Band

	Scenario
	LEO 
  600 km
	LEO 
1200 km
	GEO 
35786 km
	LEO  
600 km
	LEO 
1200 km
	GEO 
35786 km

	Terminal
	3GPP Class 3
	VSAT

	C/(N+I) (dB)
	-4.42
	-3.83
	-5.52
	10.57
	10.99
	9.75

	PRB bandwidth (MHz)
	9.36
	9.36
	9.36
	95.04
	95.04
	95.04

	Throughput (kbps)
	2224.8
	2793.6
	1735.2
	195437
	217555
	184378

	Spectrum efficiency
(bit/s/Hz)
	0.24
	0.30
	0.18
	2.10
	2.33
	1.98



Table 3.2 Uplink Link budget summary of different scenarios
	Uplink
	S Band
	Ka Band

	Scenario
	LEO 
 600 km
	LEO 
1200 km
	GEO
 35786 km
	LEO 
600 km
	LEO 
1200 km
	GEO 
35786 km

	Terminal
	3GPP Class 3
	VSAT

	C/(N+I) (dB)
	-0.43
	-5.72
	-2.65
	10.96
	6.67
	5.07

	PRB bandwidth (MHz)
	1.08
	1.08
	0.18
	46.08
	46.08
	23.04

	Throughput (kbps)
	518.4
	158.4
	36
	106963.2
	68256
	29491.2

	Spectrum efficiency
(bit/s/Hz)
	0.48
	0.15
	0.20
	2.32
	1.48
	1.28



Observation 6: The Ka band has higher spectrum efficiency and larger channel bandwidth than S band, which implies that Ka band may be more suitable for eMBB applications.
Proposal 1: The upper limit of satellite EIRP per beam for different scenarios should be discussed and determined.
Proposal 2: The frequency reuse factor should be considered when evaluating the link budget.
Proposal 3: Capture the link budget analysis results in this contribution into TR.

Conclusion
In this document, we discuss the link budget for NR NTN. The following observations were presented:
Observation 1: The path loss of GEO scenario is around 30 dB higher than 600 km LEO scenario. Although the EIRP and satellite G/T of GEO scenario is about 30 dB and 21 dB higher than 600km LEO scenario respectively, the C/(N+I) of GEO is still lower than that of LEO.
Observation 2: Due to the transmitter power limitation, it is necessary to enhance the terminal receiver capability when higher C/(N+I) is required.
Observation 3: The EIRP per channel is determined by the satellite payload power capacity and EIRP density is highly related to the frequency reuse factor.
Observation 4: Due to the high gain of terminal antenna, Ka band obtains higher C/(N+I) than S band , even though the propagation loss is higher and the channel bandwidth is larger. 
Observation 5: The path loss of Ka band is 20dB higher than S band for all considered scenarios.
[bookmark: _GoBack]Observation 6: The Ka band has higher spectrum efficiency and larger channel bandwidth than S band, which implies that Ka band may be more suitable for eMBB applications.
Proposal 1: The upper limit of satellite EIRP per beam for different scenarios should be discussed and determined.
Proposal 2: The frequency reuse factor should be considered when evaluating the link budget.
Proposal 3: Capture the link budget analysis results in this contribution into TR.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
RP-181370, “Study on solutions evaluation for NR to support Non-Terrestrial Network”, Thales, RAN#80, La Jolla, USA, June 11-14, 2018
3GPP TR 38.811 V 15.0.0, “Study on New Radio (NR) to support non terrestrial networks (Release 15)”, August 10, 2018
RP-181366, “NR-NTN: update on link budget analysis”, Thales, Ligado, HNS, ESA, 3GPP RAN#80, La Jolla, USA, 11th June – 14th June 2018.
Inigo del Portilloa, Bruce G. Cameron, Edward F. Crawley, “A Technical Comparison of Three Low Earth Orbit Satellite Constellation Systems to Provide Global Broadband”, 69th International Astronautical Congress (IAC), Bremen, Germany, 1-5 October 2018.
R1-1901723, “Link Budget Analysis in NTN”, Nokia, Nokia Shanghai Bell, RAN#96, Athens, Greece, Feb. 25-Mar.1, 2019
3GPP TS 38.214, “NR; Physical layer procedures for data (Release 15)”.



Appendix A: Simulation assumptions and results for S band scenarios

Table A.1: Simulation assumptions for S band scenarios
	Scenario
	LEO 600km
	LEO 1200km
	GEO

	DL/UL
	DL
	UL
	DL
	UL
	DL
	UL

	Simulation
	Simulation 1
	Simulation 2
	Simulation 1
	Simulation 2
	Simulation 1
	Simulation 3

	MCS table
	38.214 Table 5.1.3.1-3
	38.214 Table 6.1.4.1-2
	38.214 Table 5.1.3.1-3
	38.214 Table 6.1.4.1-2
	38.214 Table 5.1.3.1-3
	38.214 Table 6.1.4.1-2

	MCS range
	0~28
	0~27
	0~28
	0~27
	0~28
	0~27

	SCS
	15KHz
	15KHz
	15KHz
	15KHz
	15KHz
	15KHz

	# RB
	52
	6
	52
	6
	52
	1

	# total RE 
	8736
	1008
	8736
	1008
	8736
	168

	# data RE
	8112
	936
	8112
	936
	8112
	156

	LDPC decoder
	LOMS 20
	LOMS 20
	LOMS 20
	LOMS 20
	LOMS 20
	LOMS 20

	Channel type
	AWGN
	AWGN
	AWGN
	AWGN
	AWGN
	AWGN



Table A.2: Required SNR, THP and spectral efficient of Simulation 1
	MCS
	Tbsize (bit)
	SNR@BLER=0.1  (dB) 
	THP(Kbps)
	Spectral efficiency (bit/s/Hz)

	0
	480
	-11.8
	432
	0.05

	1
	640
	-10.6
	576
	0.06

	2
	808
	-9.6
	727.2
	0.08

	3
	1032
	-8.6
	928.8
	0.10

	4
	1256
	-7.7
	1130.4
	0.12

	5
	1608
	-6.7
	1447.2
	0.15

	6
	1928
	-6
	1735.2
	0.18

	7
	2472
	-4.8
	2224.8
	0.24

	8
	3104
	-3.9
	2793.6
	0.30

	9
	3976
	-2.6
	3578.4
	0.38

	10
	4864
	-1.8
	4377.6
	0.47

	11
	6016
	-0.7
	5414.4
	0.58

	12
	7040
	0.2
	6336
	0.69

	13
	8192
	1.2
	7372.8
	0.80

	14
	9480
	2.2
	8532
	0.91

	15
	10760
	3.5
	9684
	1.02

	16
	12040
	4.2
	10836
	1.15

	17
	13832
	5.2
	12448.8
	1.31

	18
	15624
	6.1
	14061.6
	1.51

	19
	17424
	6.9
	15681.6
	1.70

	20
	19464
	7.9
	17517.6
	1.89

	21
	21000
	9.4
	18900
	2.02

	22
	22032
	9.9
	19828.8
	2.11

	23
	24576
	10.8
	22118.4
	2.37

	24
	27144
	11.8
	24429.6
	2.56

	25
	29192
	12.6
	26272.8
	2.82

	26
	31752
	13.6
	28576.8
	3.07

	27
	33816
	14.3
	30434.4
	3.27

	28
	36896
	15.4
	33206.4
	3.52



Table A.3: Required SNR, THP, and spectral efficient of Simulation 2
	MCS
	Tbsize (bit)
	SNR@BLER=0.1  (dB) 
	THP(Kbps)
	Spectral efficiency (bit/s/Hz)

	0
	48
	-10.4
	43.2
	0.04

	1
	72
	-9.2
	64.8
	0.06

	2
	88
	-8.5
	79.2
	0.07

	3
	112
	-7.7
	100.8
	0.09

	4
	136
	-7
	122.4
	0.11

	5
	176
	-6.1
	158.4
	0.15

	6
	224
	-5.2
	201.6
	0.19

	7
	288
	-4.3
	259.2
	0.24

	8
	352
	-3.5
	316.8
	0.29

	9
	456
	-2.4
	410.4
	0.38

	10
	576
	-1.3
	518.4
	0.48

	11
	704
	-0.3
	633.6
	0.59

	12
	848
	0.7
	763.2
	0.71

	13
	984
	1.6
	885.6
	0.82

	14
	1128
	2.5
	1015.2
	0.94

	15
	1256
	3.3
	1130.4
	1.05

	16
	1416
	4.5
	1274.4
	1.18

	17
	1608
	5.3
	1447.2
	1.34

	18
	1800
	6
	1620
	1.50

	19
	2024
	7
	1821.6
	1.69

	20
	2280
	8.1
	2052
	1.90

	21
	2408
	8.6
	2167.2
	2.01

	22
	2536
	9.1
	2282.4
	2.11

	23
	2865
	10.4
	2578.5
	2.39

	24
	3104
	11.6
	2793.6
	2.59

	25
	3368
	12.5
	3031.2
	2.81

	26
	3752
	13.8
	3376.8
	3.13

	27
	4224
	15.4
	3801.6
	3.52



Table A.4: Required SNR, THP and spectral efficient of Simulation 3
	MCS
	Tbsize (bit)
	SNR@BLER=0.1  (dB) 
	THP(Kbps)
	Spectral efficiency (bit/s/Hz)

	0
	24
	-4.2
	21.6
	0.12

	1
	24
	-4.2
	21.6
	0.12

	2
	24
	-4.2
	21.6
	0.12

	3
	24
	-4.2
	21.6
	0.12

	4
	24
	-4.2
	21.6
	0.12

	5
	24
	-4.2
	21.6
	0.12

	6
	32
	-3.7
	28.8
	0.16

	7
	40
	-3.1
	36
	0.20

	8
	56
	-2.1
	50.4
	0.28

	9
	72
	-1.2
	64.8
	0.36

	10
	88
	-0.4
	79.2
	0.44

	11
	112
	0.7
	100.8
	0.56

	12
	136
	1.6
	122.4
	0.68

	13
	160
	2.5
	144
	0.80

	14
	176
	3.1
	158.4
	0.88

	15
	208
	4.2
	187.2
	1.04

	16
	224
	4.9
	201.6
	1.12

	17
	272
	6.1
	244.8
	1.36

	18
	304
	6.9
	273.6
	1.52

	19
	336
	7.8
	302.4
	1.68

	20
	368
	8.5
	331.2
	1.84

	21
	408
	9.5
	367.2
	2.04

	22
	432
	10.1
	388.8
	2.16

	23
	480
	11.3
	432
	2.40

	24
	528
	12.5
	475.2
	2.64

	25
	576
	13.4
	518.4
	2.88

	26
	608
	14.1
	547.2
	3.04

	27
	704
	16
	633.6
	3.52




Appendix B: Simulation assumptions and results for Ka band scenarios

Table B.1: Simulation assumptions for Ka band scenarios
	Scenario
	LEO 600km
	LEO 1200km
	GEO

	DL/UL
	DL
	UL
	DL
	UL
	DL
	UL

	Simulation
	Simulation 4
	Simulation 5
	Simulation 4
	Simulation 5
	Simulation 4
	Simulation 6

	MCS table
	38.214 Table 5.1.3.1-3
	38.214 Table 6.1.4.1-2
	38.214 Table 5.1.3.1-3
	38.214 Table 6.1.4.1-2
	38.214 Table 5.1.3.1-3
	38.214 Table 6.1.4.1-2

	MCS range
	0~28
	0~27
	0~28
	0~27
	0~28
	0~27

	SCS
	120KHz
	120KHz
	120KHz
	120KHz
	120KHz
	120KHz

	# RB 
	66
	32
	66
	32
	66
	16

	# total RE
	11088
	5376
	11088
	5376
	11088
	2688

	# data RE  
	10092
	4896
	10092
	4896
	10092
	2448

	LDPC decoder
	LOMS 20
	LOMS 20
	LOMS 20
	LOMS 20
	LOMS 20
	LOMS 20

	Channel type
	AWGN
	AWGN
	AWGN
	AWGN
	AWGN
	AWGN



Table B.2: Required SNR, THP and spectral efficient of simulation 4
	MCS
	Tbsize (bit)
	SNR@BLER=0.1  (dB) 
	THP(Kbps)
	Spectral efficiency (bit/s/Hz)

	0
	608
	-12
	4377.6
	0.05

	1
	808
	-10.8
	5817.6
	0.06

	2
	984
	-9.9
	7084.8
	0.07

	3
	1256
	-8.8
	9043.2
	0.09

	4
	1544
	-8
	11116.8
	0.12

	5
	2024
	-6.8
	14572.8
	0.15

	6
	2408
	-6
	17337.6
	0.18

	7
	3104
	-4.8
	22348.8
	0.23

	8
	3824
	-3.9
	27532.8
	0.29

	9
	4872
	-2.7
	35078.4
	0.38

	10
	6016
	-1.8
	43315.2
	0.46

	11
	7424
	-0.7
	53452.8
	0.56

	12
	8712
	0.4
	62726.4
	0.68

	13
	10248
	1.3
	73785.6
	0.80

	14
	11784
	2.2
	84844.8
	0.89

	15
	13320
	3.6
	95904
	1.01

	16
	14856
	4.3
	106963
	1.13

	17
	16896
	5.2
	121651
	1.28

	18
	18960
	6
	136512
	1.48

	19
	21504
	7
	154829
	1.67

	20
	24072
	7.8
	173318
	1.82

	21
	25608
	9.4
	184378
	1.98

	22
	27144
	9.8
	195437
	2.10

	23
	30216
	10.8
	217555
	2.33

	24
	33816
	11.8
	243475
	2.56

	25
	35856
	12.6
	258163
	2.80

	26
	38936
	13.6
	280339
	2.95

	27
	42016
	14.5
	302515
	3.26

	28
	45096
	15.4
	324691
	3.49



Table B.3: Required SNR, THP and spectral efficient of simulation 5
	MCS
	Tbsize (bit)
	SNR@BLER=0.1  (dB) 
	THP(Kbps)
	Spectral efficiency (bit/s/Hz)

	0
	288
	-11.4
	2073.6
	0.05

	1
	384
	-10.3
	2764.8
	0.06

	2
	480
	-9.3
	3456
	0.08

	3
	608
	-8.5
	4377.6
	0.10

	4
	768
	-7.5
	5529.6
	0.12

	5
	984
	-6.6
	7084.8
	0.15

	6
	1160
	-5.8
	8352
	0.18

	7
	1544
	-4.7
	11116.8
	0.24

	8
	1864
	-4
	13420.8
	0.29

	9
	2408
	-2.7
	17337.6
	0.38

	10
	2976
	-1.7
	21427.2
	0.47

	11
	3624
	-0.6
	26092.8
	0.57

	12
	4224
	0.3
	30412.8
	0.66

	13
	4992
	1.2
	35942.4
	0.78

	14
	5760
	2.1
	41472
	0.90

	15
	6528
	3
	47001.6
	1.02

	16
	7168
	4.1
	51609.6
	1.12

	17
	8192
	5.2
	58982.4
	1.28

	18
	9480
	6
	68256
	1.48

	19
	10504
	7
	75628.8
	1.64

	20
	11784
	7.9
	84844.8
	1.84

	21
	12552
	8.6
	90374.4
	1.96

	22
	13320
	9.2
	95904
	2.08

	23
	14856
	10.2
	106963.2
	2.32

	24
	16136
	11.8
	116179.2
	2.52

	25
	17424
	12.4
	125452.8
	2.72

	26
	18960
	13.6
	136512
	2.96

	27
	22032
	15.5
	158630.4
	3.44



Table B.4: Required SNR, THP and spectral efficient of simulation 6
	MCS
	Tbsize (bit)
	SNR@BLER=0.1  (dB) 
	THP(Kbps)
	Spectral efficiency (bit/s/Hz)

	0
	136
	-11.1
	979.2
	0.04

	1
	184
	-10
	1324.8
	0.06

	2
	240
	-9.1
	1728
	0.08

	3
	304
	-8.1
	2188.8
	0.10

	4
	368
	-7.5
	2649.6
	0.12

	5
	480
	-6.5
	3456
	0.15

	6
	576
	-5.6
	4147.2
	0.18

	7
	768
	-4.5
	5529.6
	0.24

	8
	928
	-3.8
	6681.6
	0.29

	9
	1224
	-2.5
	8812.8
	0.38

	10
	1480
	-1.6
	10656
	0.46

	11
	1864
	-0.5
	13420.8
	0.58

	12
	2152
	0.3
	15494.4
	0.67

	13
	2536
	1.4
	18259.2
	0.79

	14
	2856
	2.3
	20563.2
	0.89

	15
	3240
	3.2
	23328
	1.01

	16
	3624
	4.4
	26092.8
	1.13

	17
	4096
	5
	29491.2
	1.28

	18
	4608
	5.9
	33177.6
	1.44

	19
	5248
	7
	37785.6
	1.64

	20
	5888
	7.8
	42393.6
	1.84

	21
	6272
	8.5
	45158.4
	1.96

	22
	6656
	9
	47923.2
	2.08

	23
	7296
	10.1
	52531.2
	2.28

	24
	8064
	11.6
	58060.8
	2.52

	25
	8712
	12.4
	62726.4
	2.72

	26
	9480
	13.2
	68256
	2.96

	27
	11016
	15.6
	79315.2
	3.44





