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The objective of this document is to provide preliminary link budget analysis for the deployment scenarios for NR operating via satellite identified in TR 38.811.


1	Abstract	1
Annex A: Link budget analysis for the different deployment scenarios	2
A1. Introduction	2
A1.1 Path loss function	2
A1.2 UE characteristics	4
A2.	Deployment scenario D1: GEO in Ka band	6
A2.1 Downlink performance	6
A2.2 Uplink performance	8
A3.	Deployment scenario D2 : GEO satellite in S band	12
A3.3.1 Downlink performance	12
A3.3.2 Uplink performance	13
A4. Deployment scenario D3 : LEO satellite at 600 km in S band	15
A4.1 Downlink performance	15
A4.2 Uplink performance	16
A5. Scenario D4 : LEO at 600 km in Ka band	19
A5.1 Downlink performance	19
A5.2 Uplink performance	21
A6. Scenario D5: HAPS at 20 km in S band	25
A6.1 Downlink performance	25
A6.2 Uplink performance	26
A7	Deployment scenario: GEO satellite in L band	29
A7.1 Downlink performance	29
A7.2 Uplink performance	30
A8 : Performances assessment summary	32
A8.1 Ka-band deployment scenarios: D1 and D4	32
A8.2 S-band deployment scenarios: D2, D3 and D5	32
 
[bookmark: _Toc493127338]

[bookmark: _Toc516673719]Annex A: Link budget analysis for the different deployment scenarios
This annex provides examples of Link Budgets associated to the different deployment scenarios.
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This section provides a short overview of the path loss function used in the satellite link budgets.
The general formula for link budgets in free space between a transmitter and a receiver is provided here below, expressed in dB.

Inside the logarithm there are two terms:
The first term is the received carrier power over noise density ratio in dBHz called C/No, and the second term is the C/Io ratio which the carrier power to interference noise density ratio. For convenience this second term includes all the potential sources of interference: other beams interference, other systems interference, and intermodulation products interference. 
The first term is the received power carrier to noise density ratio expressed in  dBHz



The second term C/Io corresponds to the carrier power over interference noise density, expressed in dBHz.

We have
· C/No : carrier power over noise density ratio in dBHz
· EIRP: useful transmitter EIRP
· G/T : figure of merit of the receiver, where G is the receiver antenna gain,a nd T the equivalent system temperature. The unit is dB/K
· Loss: free space loss (negative according to the definition)
· 
: shadowing margins; these are provisioned for shadowing effect for instance when dealing with satellite systems that can suffer from shaded conditions (trees)
· Aloss:  atmospheric losses : due to gases and rain fades: in S or L bands atmospheric losses are very small typically between 0.5 and 1 dB, but they can be very high in Ka band. They depend on the location of the terminal with respect to the satellite, the elevation angle. In this document we provide only clear sky conditions Link Budgets, with a typical atmospheric attenuation of 1 dB.
· 
  : Additional losses, like degradation due to feeder links in case of non-regenerative systems. Typically we provision 0.5 dB feeder link degradation
· k: Boltzmann Constant: -10*LOG(k) =-228.6 dBW/K/Hz

In fact there is interference noise coming from other spot beams, other systems interference, and intermodulation products interference, and so we must consider at the entrance of the receiver the C/Io ratio which the carrier power to interference noise density ratio.
The overal C/( N0+I0) in dBHz can be computed from the C/N0 and C/I0 is provided above:

And the C/(N+I) can be computed as follow:
C/( N+I) = C/( N0+I0) -10xLOG (BW), where BW is the signal bandwidth expressed in Hz, and C/N is in dB.
The free space loss depends on the wavelength λ, and D the slant range which is the distance between the transmitter and the receiver (satellite and earth station). The free space loss can be computed as follow: 


, and in dB LOSS =. 

The Slant range D can be computed as follow. 


Where 
· RT: Earth Radius
· Hs: Satellite Altitude at nadir
· : elevation angle of the satellite from the earth station location.
All the link budgets presented all over this chapter compute a minimum required C/(N+I) to support the targeted data rate performance.

Note 1: the relationship  between G/T (commonly used in satellite system design) and the minimum Rx level and receiver’s antenna is:
Min_Rx_Level_At_antenna = - (Ga/T )+10*LOG(k)+10*LOG (BW)+ Required(C/N)
Where  BW is the signal bandwidth.

Note 2 : in the link budgets, the  Symbol rate is defined as the ratio  Ncarrier/ Ts. The Time Symbol includes CP length. It is expressed in Msymb/s.
Note 3 :in the Link Budgets in S band involving standard 3GPP UEs, some lines are now added to introduce the Noise Figure, and the system temperature T according to the following equation
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· Ga is the antenna gain in dBi 
· NF : Noise Figure in dB
· T is called the system temperature with
· To : ambient temperature (290 K)
· Ta : antenna temperature 

In the case of Class 3 UE, antenna gain is 0 dBi and antenna temperature is equal  to ambient temperature (typically for handheld terminals in S band deployment scenarios).
In the case of vehicle mounted terminal, antenna typical temperature is in the order of 150 K.
Note 4: concerning the Ka band deployment scenarios, where terminals are based on dishes or phase-array antenna, the use of the figure of merit (G/T) is maintained in the link budgets, as most of the terminals data sheets provide the G/T as part of the terminal radio electrical performances.
Note 5 : Receivers on board the satellite are also characterized by a figure of merit G/T instead of noise figure, antenna gain and ambient temperature.
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Table A1: Performances of the different UE types taken into account in the link budget analysis
	
	HH1
	HH2
	VM
	VSAT

	Frequency band
	S band
	S band
	S band
	Ka band

	Antenna gain
	0 dBi
	0 dBi
	4 dBi
	-

	EIRP
	23 dBm
	30 dBm
	37 dBm
	+45 dBW

	Transmit power
	200 mW
	1 W
	2 W
	2 W

	G/T
	-
	-
	-
	15.7 dB/K

	Noise figure
	6 dB (Note 6)
	6 dB  (Note 6)
	2 dB
	-

	Polarisation
	Linear

	Circular (possibly with dual linear polarised antenna)

	Linear

	Circular (dish or phased array antenna)



	
	UT1
	UT2
	UT3

	Frequency band
	L band
	L band
	L band

	Antenna gain
	0 dBi
	3 dBi
	6 dBi

	EIRP
	23 dBm
	30 dBm
	37 dBm

	Transmit power
	200 mW
	1 W
	5 W

	G/T
	-
	-
	-

	Noise figure
	4 - 6 dB 
	4 - 6 dB  
	4 -6 dB

	Polarisation
	LP/CP 

	LP/CP

	LP/CP





Note 6 : For handheld, isotropic antenna, a noise figure of 6 dB has been considered although the standard defines 7 dB. The reason for adopting 6 dB is that most products on the market feature such performance

All link budgets have been computed with a target BLER of 0.1%, considering the maximum block size allowed by the NR LDPC channel coding (i.e 3840 for code rates ≤ ¼ and 8448 otherwise).


[bookmark: _Toc509401923][bookmark: _Toc516673723]A2.	Deployment scenario D1: GEO in Ka band
The following tables present the downlink and uplink link budgets, for fixed terminal featuring an antenna with 60 cm equivalent aperture (dish or phased array antenna) and maximum 2  W Transmit power.
The radio interface configuration is provided in the different Link Budgets Tables.
On both directions, the impact of feeder links is supposed to be around 0,5 dB degradation.

[bookmark: _Toc509401924][bookmark: _Toc516673724]A2.1 Downlink performance
An example of the downlink link budgets is presented here below, and the graph presents the spectral efficiency versus the EIRP density.

Table 2.1-1: Example of GEO satellite Ka band Downlink link budgets for fixed terminal
	System performance target
	
	

	Spectral efficiency
	bits/s/Hz
	2

	Information data rate (after decoding)
	Mb/s
	 396

	 
	 
	

	Radio interface configuration
	 Unit
	Value

	Down-link Carrier Frequency 
	GHz
	20,0

	Channel bandwidth 
	MHz
	198

	Sub Carrier Spacing (SCS)
	kHz
	60

	 Cyclic Prefix
	µs
	1,2

	Total OFDM symbol duration
	µs
	17,84

	
	
	

	Aggregate Modulation Symbol rate 
	Msymb/s
	185,0

	 
	 
	

	Terminal RF characteristics
	
	

	G/T ( figure of merit see Note above)
	dB/K
	15,7

	Antenna polarization 
	 
	C

	
	
	

	System assumptions
	
	

	Elevation angle to satellite as seen from the UE
	°
	30,0

	Corresponding slant Range (distance between UE and satellite for the considered elevation angle)
	Km
	38613,7

	Clear sky conditions
	
	

	
	
	

	Satellite RF characteristics
	 
	

	Satellite nominal altitude
	Km
	35788,0

	Typical average C/I within a satellite beam
	dB
	16,0

	Satellite beam polarization
	
	C

	
	
	

	Link budget
	
	

	Free space propagation loss
	dB
	-210,2

	Atmospheric loss (in clear sky conditions)
	dB
	1

	Required C/(N+I) for the targeted data rate
	dB
	6,700

	Required useful EIRP per channel 
	dBW
	57,7

	Required useful satellite EIRP density 
	dBW/MHz
	34,7



The figure below provides the required useful satellite EIRP density for a range of targeted spectral efficiency. This range of performances is typically supported by current and future satellites.

Figure 2.1-1: Spectral Efficiency versus the required useful satellite EIRP density – GEO in Ka band
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A2.2 Uplink performance
An example of the uplink link budgets is presented here below, and the graph  presents the spectral efficiency versus the satellite G/T.
The return link can use CP-OFDM or DFT-SOFDM.The first table is the results with DFT-SOFDM, the second with CP-OFDM.

Table2.2-1: Example of GEO satellite Ka band Uplink Link budgets with DFT-SOFDM
	System performance target
	 
	

	Spectral efficiency 
	bits/s/Hz
	[bookmark: _Toc509401926]2

	Information data rate (after decoding)
	Mb/s
	 40.32

	
	
	 

	Radio interface configuration
	
	 

	Up-link carrier frequency 
	GHz
	30,00000

	Channel Bandwidth
	Mhz
	20.16

	Cyclic Prefix 
	µs
	2,3

	Total OFDM symbol duration
	µs
	35,68

	Aggregate Modulation symbol rate 
	Msymb/s
	18.8

	
	 
	

	Terminal RF characteristics
	
	 

	Max EIRP (corresponding to 2 W Transmission power)
	dBW
	45 

	 
	 
	 

	System assumptions 
	 
	 

	Elevation angle to satellite
	°
	30,0

	Slant Range (distance between UE and satellite for the considered elevation angle)
	km
	38613,7

	Clear sky conditions
	 
	 

	 
	 
	 

	Satellite RF characteristics
	 
	 

	Nominal altitude
	km
	35788,0

	Typical average C/I in a beam
	dB
	16,0

	
	 
	

	Link budget
	 
	

	Output back off in the terminal
	dB
	1,0

	Terminal useful EIRP per channel
	dBW
	44,0

	Free space propagation loss
	dB
	-213,7

	Atmospheric propagation loss (in clear sky conditions)
	dB
	1,0

	
	
	

	Required C/(N +I)
	dB
	6.7

	Required satellite G/T (corresponding to Rx sensitivity)
	dB/K
	24,0




Table2.2-2: Example of GEO satellite Ka band Uplink Link budget with CP-OFDM
	System performance target  
	 
	

	Spectral efficiency 
	bits/s/Hz
	[bookmark: _Toc509401927]2,0

	Information data rate (after decoding)
	Mb/s
	40.32

	
	
	 

	Radio interface configuration
	
	 

	Up-link carrier frequency 
	GHz
	30

	Channel Bandwidth
	Mhz
	20.16

	Cyclic Prefix 
	µs
	2,3

	Total OFDM symbol duration
	µs
	35,68

	Aggregate Modulation symbol rate 
	Msymb/s
	8,1

	
	 
	

	Terminal RF characteristics
	
	 

	Max EIRP (corresponding to 2  W Transmission power)
	dBW
	45 

	 
	 
	 

	System assumptions 
	 
	 

	Elevation angle to satellite
	°
	30,0

	Slant Range (distance between UE and satellite for the considered elevation angle)
	km
	38613,7

	Clear sky conditions
	 
	 

	 
	 
	 

	Satellite RF characteristics
	 
	 

	Nominal altitude
	km
	35788,0

	Typical average C/I in a beam
	dB
	16,0

	
	 
	

	Link budget
	 
	

	Output back off in the terminal
	dB
	2,5

	Terminal useful EIRP per channel
	dBW
	42,5

	Free space propagation loss
	dB
	-213,7

	Atmospheric propagation loss (in clear sky conditions)
	dB
	1,0

	Required C/(N+I)
	dB
	6,7

	Required satellite G/T (corresponding to Rx sensitivity)
	dB/K
	25,0



The figure below provides the required satellite G/T for a range of targeted spectral efficiency. This range of performances is typically supported by current and future satellites.



Figure2.2-1: Spectral Efficiency versus the required satellite G/T – GEO in Ka band for DFTS-OFDM and CP-OFDM (20 MHz bandwidth)
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The following tables present the downlink and uplink link budgets, for the different types of terminals listed in the section A1.
The radio interface configuration is provided in the different Link Budgets Tables.
On both directions, the impact of feeder links is supposed to create around 0,5 dB degradation.
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An example of the downlink link budgets is presented here below.
Table3.3.1-1: Example of GEO satellite S band Downlink link budgets for different kinds of terminals
	System performance target
	
	HH1
	HH2
	VM

	Spectral efficiency
	bits/s/Hz
	0.25 
	0.45
	2

	Information data rate (after decoding)
	Mb/s
	1.26
	2.27
	10

	 
	 
	
	
	

	Radio interface configuration
	 Unit
	
	
	

	Down-link Carrier Frequency 
	(GHz)
	2.170
	2.170
	2.170

	Channel bandwidth 
	MHz
	5.04
	5.04
	5.04

	SCS
	kHz
	15
	15
	15

	 Cyclic Prefix
	µs
	4.7
	4.7
	4.7

	Total OFDM symbol duration
	µs
	71.36
	71.36
	71.36

	Number of PRBs
	
	28
	28
	28

	Aggregate Modulation Symbol rate 
	Msymb/s
	4.709
	4.709
	4.709

	 
	 
	
	
	

	Terminal RF characteristics
	
	
	
	

	Antenna Gain
	dBi
	0
	0
	4

	Noise Figure
	dB
	6
	6
	2

	Antenna Temperature
	K
	290
	290
	150

	Ambient Temperature
	K
	290
	290
	290

	Antenna polarization (Circular or Linear)
	 
	L
	C
	C

	
	
	
	
	

	System assumptions
	
	
	
	

	Elevation angle to satellite as seen from the UE
	°
	30
	30
	30

	Corresponding slant Range (distance between UE and satellite for the considered elevation angle)
	km
	38611.5
	38611.5
	38611.5

	
	
	
	
	

	Satellite RF characteristics
	 
	
	
	

	Satellite nominal altitude
	km
	35786
	35786
	35786

	Typical average C/I within a satellite beam
	dB
	16
	16
	16

	Satellite beam polarization
	
	C
	C
	C

	
	
	
	
	

	Link budget
	
	
	
	

	Free space propagation loss
	dB
	-190.9
	-190.9
	-190.9

	Atmospheric loss 
	dB
	-0,1
	-0,1
	-0,1

	Shadowing margins
	dB
	10
	10
	10

	[bookmark: _Toc509401930]Required C/(N+I) for the targeted data rate
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	Required useful EIRP per channel 
	dBW
	69
	69
	69

	Required useful satellite EIRP density 
	dBW/MHz
	62
	62
	62



Note : the link budgets include, when necessary, degradation due to polarization mismatch. 
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Table3.3.2-1: Example of GEO satellite S band Uplink Link budget for different kinds of terminalsSystem performance target
	 
	HH1
	HH2
	VM

	Spectral efficiency 
	bits/s/Hz
	1.25
	1.125
	1.125

	Information data rate (after decoding)
	kb/s
	18.75
	202.5
	202.5

	
	
	
	
	

	Radio interface configuration
	
	
	
	

	Up-link carrier frequency 
	GHz
	1.98
	1.98
	1.98

	Channel Bandwidth
	khz
	15
	180
	180

	Number of PRB
	
	1
	1
	1

	
	(µs
	66,6667
	66,6667
	66,6667

	Cyclic Prefix 
	µs
	4,7
	4,7
	4,7

	Total OFDM symbol duration
	µs
	71,36
	71,36
	71,36

	Aggregate Modulation symbol rate 
	ksymb/s
	14
	168.2
	168.2

	
	 
	
	
	

	Terminal RF characteristics
	
	
	
	

	Max EIRP
	dBW
	-10
	0
	7

	 
	 
	
	
	

	System assumptions 
	 
	
	
	

	Elevation angle to satellite
	°
	30
	30
	30

	Slant Range (distance between UE and satellite for the considered elevation angle)
	km
	38611.6
	38611.6
	38611.6

	 
	 
	
	
	

	Satellite RF characteristics
	 
	
	
	

	Nominal altitude
	km
	35786
	35786
	35786

	Typical average C/I in a beam
	dB
	16
	16
	16

	
	 
	
	
	

	Link budget
	 
	
	
	

	Output back off in the terminal
	dB
	0
	0
	0

	Terminal useful EIRP per channel
	dBW
	-10
	0
	7

	Free space propagation loss
	dB
	-190.1
	-190.1
	-190.1

	Atmospheric propagation loss (in clear sky conditions)
	dB
	-0.1
	-0.1
	-0.1

	Shadowing margins
	dB
	3
	3
	10

	[bookmark: _Toc509401939]Required C/(N+I)
	[bookmark: _Toc509401940]dB
	[bookmark: _Toc509401941]-1,3
	[bookmark: _Toc509401942]-1,8
	[bookmark: _Toc509401943]5,4

	Required satellite G/T (corresponding to Rx sensitivity)
	dB/K
	20
	20
	20


[bookmark: _Toc509401944]
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The following tables present the downlink and uplink link budgets, for the different types of terminals listed in the section A1.
The radio interface configuration is provided in the different Link Budgets Tables.
On both directions, the impact of feeder links is supposed to be around 0,5 dB degradation.

[bookmark: _Toc509401945][bookmark: _Toc516673730]A4.1 Downlink performance
An example of the downlink link budgets is presented here below.
Table4.1-1: Example of LEO satellite S band Downlink link budgets for different kinds of terminals

	System performance target
	
	HH1
	HH2
	VM

	Spectral efficiency
	bits/s/Hz
	0.25 
	0.45
	2

	Information data rate (after decoding)
	Mb/s
	1.26
	2.27
	10

	 
	 
	
	
	

	Radio interface configuration
	 Unit
	
	
	

	Down-link Carrier Frequency 
	(GHz)
	2.170
	2.170
	2.170

	Channel bandwidth 
	MHz
	5.04
	5.04
	5.04

	SCS
	kHz
	15
	15
	15

	 Cyclic Prefix
	µs
	4.7
	4.7
	4.7

	Total OFDM symbol duration
	µs
	71.36
	71.36
	71.36

	Number of PRBs
	
	28
	28
	28

	Aggregate Modulation Symbol rate 
	Msymb/s
	4.709
	4.709
	4.709

	 
	 
	
	
	

	Terminal RF characteristics
	
	
	
	

	Antenna Gain
	dBi
	0
	0
	4

	Noise Figure
	dB
	6
	6
	2

	Antenna Temperature
	K
	290
	290
	150

	Ambient Temperature
	K
	290
	290
	290

	Antenna polarization (Circular or Linear)
	 
	L
	C
	C

	
	
	
	
	

	System assumptions
	
	
	
	

	Elevation angle to satellite as seen from the UE
	°
	30
	30
	30

	Corresponding slant Range (distance between UE and satellite for the considered elevation angle)
	km
	1075,2
	1075,2
	1075,2

	
	
	
	
	

	Satellite RF characteristics
	 
	
	
	

	Satellite nominal altitude
	km
	600
	600
	600

	Typical average C/I within a satellite beam
	dB
	16
	16
	16

	Satellite beam polarization
	
	C
	C
	C

	
	
	
	
	

	Link budget
	
	
	
	

	Free space propagation loss
	dB
	-159,8
	-159,8
	-159,8

	Atmospheric loss 
	dB
	-0,1
	-0,1
	-0,1

	Shadowing margins
	dB
	10
	10
	10

	[bookmark: _Toc509401946]Required C/(N+I) for the targeted data rate
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	-2.8
	6.7

	Required useful EIRP per channel 
	dBW
	37.8
	37.8
	37.8

	Required useful satellite EIRP density 
	dBW/MHz
	30.8
	30.8
	30.8



Note : the link budgets include, when necessary, degradation due to polarization mismatch. 
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Table4.2-1: Example of LEO satellite S band Uplink Link budgets for different kinds of terminals
	System performance target
	 
	HH1
	HH2
	VM

	Spectral efficiency 
	bits/s/Hz
	[bookmark: _Toc509401952]0,2000
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	Information data rate (after decoding)
	kb/s
	36,000
	247.5,000
	247,5 

	
	
	
	
	

	Radio interface configuration
	
	
	
	

	Up-link carrier frequency 
	GHz
	1.98
	1.98
	1.98

	Channel Bandwidth
	khz
	180
	180
	180

	Number of PRB
	
	1
	1
	1

	
	(µs
	66,6667
	66,6667
	66,6667

	Cyclic Prefix 
	µs
	4,7
	4,7
	4,7

	Total OFDM symbol duration
	µs
	71,36
	71,36
	71,36

	Aggregate Modulation symbol rate 
	ksymb/s
	168.2
	168.2
	168.2

	
	 
	
	
	

	Terminal RF characteristics
	
	
	
	

	Max EIRP
	dBW
	-10
	0
	7

	 
	 
	
	
	

	System assumptions 
	 
	
	
	

	Elevation angle to satellite
	°
	30
	30
	30

	Slant Range (distance between UE and satellite for the considered elevation angle)
	km
	1075,2
	1075,2
	1075,2

	 
	 
	
	
	

	Satellite RF characteristics
	 
	
	
	

	Nominal altitude
	km
	600
	600
	600

	Typical average C/I in a beam
	dB
	16
	16
	16

	
	 
	
	
	

	Link budget
	 
	
	
	

	Output back off in the terminal
	dB
	0
	0
	0

	Terminal useful EIRP per channel
	dBW
	-10
	0
	7

	Free space propagation loss
	dB
	--159
	159
	159

	Atmospheric propagation loss (in clear sky conditions)
	dB
	-0.1
	-0.1
	-0.1

	Shadowing margins
	dB
	3
	3
	10,0
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	Required satellite G/T (corresponding to Rx sensitivity)
	dB/K
	-8.4
	-8.4
	-8.4
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The following tables present the downlink and uplink link budgets, for fixed VSAT terminal in table A1.
The radio interface configuration is provided in the different Link Budgets Tables.
On both directions, the impact of feeder links is supposed to be around 0,5 dB degradation.
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An example of the downlink link budgets is presented here below, and the graph presents the spectral efficiency versus the EIRP density.

Table5.1-1: Example of LEO satellite Ka band Downlink link budgets for fixed terminal
	System performance target
	
	

	Spectral efficiency
	bits/s/Hz
	2,0

	Information data rate (after decoding)
	Mb/s
	396

	 
	 
	

	Radio interface configuration
	 Unit
	Value

	Down-link Carrier Frequency 
	GHz
	20,0

	Channel bandwidth 
	MHz
	198

	SCS
	kHz
	60

	 Cyclic Prefix
	µs
	1,2

	Total OFDM symbol duration
	µs
	17,84

	Aggregate Modulation Symbol rate 
	Msymb/s
	185,0

	 
	 
	

	Terminal RF characteristics
	
	

	G/T ( figure of merit see Note above)
	dB/K
	15,7

	Antenna polarization (Circular or Linear)
	 
	C

	
	
	

	System assumptions
	
	

	Elevation angle to satellite as seen from the UE
	°
	30,0

	Corresponding slant Range (distance between UE and satellite for the considered elevation angle)
	km
	1075.2

	Clear sky conditions
	
	

	
	
	

	Satellite RF characteristics
	 
	

	Satellite nominal altitude
	km
	600

	Typical average C/I within a satellite beam
	dB
	16,0

	Satellite beam polarization
	
	C

	
	
	

	Link budget
	
	

	Free space propagation loss
	dB
	-179.1

	Atmospheric loss (in clear sky conditions)
	dB
	1
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	Required useful EIRP per channel
	dBW
	26.6

	Required useful satellite EIRP density 
	dBW/MHz
	3.6



The figure below provides the required useful satellite EIRP density for a range of targeted spectral efficiency. This range of performances is typically supported by current and future satellites.

Figure5.1-1: Spectral Efficiency versus the required useful satellite EIRP density – LEO in Ka band

[bookmark: _Toc509401965][bookmark: _Toc516673734]A5.2 Uplink performance
An example of the uplink link budgets is presented here below, and the graph  presents the spectral efficiency versus the satellite G/T.
The return link can use CP-OFDM or DFT-SOFDM.The first table is the results with DFT-SOFDM, the second with CP-OFDM.
Table5.2-1: Example of LEO satellite Ka band Uplink Link budgets with DFT-SOFDM
	System performance target
	 
	Fixed

	Spectral efficiency 
	bits/s/Hz
	[bookmark: _Toc509401966]2,0

	Information data rate (after decoding)
	Mb/s
	40,32

	
	
	 

	Radio interface configuration
	
	 

	Up-link carrier frequency 
	GHz
	30,0

	Channel Bandwidth
	Mhz
	20.16

	Cyclic Prefix 
	µs
	2,3

	Total OFDM symbol duration
	µs
	35,68

	Aggregate Modulation symbol rate 
	Msymb/s
	8,1

	
	 
	

	Terminal RF characteristics
	
	 

	Max EIRP (corresponding to 2 W Transmission power)
	dBW
	45 

	 
	 
	 

	System assumptions 
	 
	 

	Elevation angle to satellite
	°
	30,0

	Slant Range (distance between UE and satellite for the considered elevation angle)
	km
	1075.2

	Clear sky conditions
	 
	 

	 
	 
	 

	Satellite RF characteristics
	 
	 

	Nominal altitude
	km
	600

	Typical average C/I in a beam
	dB
	16,0

	
	 
	

	Link budget
	 
	

	Output back off in the terminal
	dB
	1,0

	Terminal useful EIRP per channel
	dBW
	44,0

	Free space propagation loss
	dB
	-182.6

	Atmospheric propagation loss (in clear sky conditions)
	dB
	1,0

	[bookmark: _Toc509401967]Required C/(N +I)
	[bookmark: _Toc509401968]dB
	[bookmark: _Toc509401969]6.7

	Required satellite G/T (corresponding to Rx sensitivity)
	dB/K
	-7



Table5.2-2: Example of LEO satellite Ka band Uplink Link budget with CP-OFDM
	System performance target
	 
	Fixed

	Spectral efficiency 
	bits/s/Hz
	[bookmark: _Toc509401970]2,0

	Information data rate (after decoding)
	Mb/s
	40.32


	
	
	 

	Radio interface configuration
	
	 

	Up-link carrier frequency 
	GHz
	30,

	Channel Bandwidth
	Mhz
	20.16

	Cyclic Prefix 
	µs
	2,3

	Total OFDM symbol duration
	µs
	35,68

	Aggregate Modulation symbol rate 
	Msymb/s
	8,1

	
	 
	

	Terminal RF characteristics
	
	 

	Max EIRP (corresponding to 2  W Transmission power)
	dBW
	45 

	 
	 
	 

	System assumptions 
	 
	 

	Elevation angle to satellite
	°
	30,0

	Slant Range (distance between UE and satellite for the considered elevation angle)
	km
	1075.2

	Clear sky conditions
	 
	 

	 
	 
	 

	Satellite RF characteristics
	 
	 

	Nominal altitude
	km
	600

	Typical average C/I in a beam
	dB
	16,0

	
	 
	

	Link budget
	 
	

	Output back off in the terminal
	dB
	2,5

	Terminal useful EIRP per channel
	dBW
	42,5

	Free space propagation loss
	dB
	-182.6

	Atmospheric propagation loss (in clear sky conditions)
	dB
	1,0

	[bookmark: _Toc509401971]Required C/(N+I)
	[bookmark: _Toc509401972]dB
	[bookmark: _Toc509401973]6,7

	Required satellite G/T (corresponding to Rx sensitivity)
	dB/K
	-6



The figure below provides the required satellite G/T for a range of targeted spectral efficiency. This range of performances is typically supported by current and future satellites.



Figure5.2-1: Spectral Efficiency versus the required satellite G/T – LEO in Ka band for DFTS-OFDM and CP-OFDM (20 MHz)



[bookmark: _Toc509401974][bookmark: _Toc516673735]A6. Scenario D5: HAPS at 20 km in S band
The following tables present the downlink and uplink link budgets, for the different types of terminals listed in the table A1.
The radio interface configuration is provided in the different Link Budgets Tables.
We consider an On Board Processing Subsystem, which avoids feeder link degradation.
We consider  a reference elevation angle baseline of 30°.
We assume light indoor coverage conditions for handheld devices.

[bookmark: _Toc509401975][bookmark: _Toc516673736]A6.1 Downlink performance

Table6.1-1: Example of HAPS S band Downlink link budgets for different kinds of terminal and NR
	System performance target
	
	HH1
	HH2
	VM

	Spectral efficiency
	bits/s/Hz
	1,625
	2,375
	3,750

	Information data rate (after decoding)
	Mb/s
	8,19
	11,97
	18,9

	 
	 
	
	
	

	Radio interface configuration
	 Unit
	
	
	

	Down-link Carrier Frequency 
	(GHz)
	2.140
	2.140
	2.140

	Channel bandwidth 
	MHz
	5.04
	5.04
	5.04

	SCS
	kHz
	15
	15
	15

	 Cyclic Prefix
	µs
	4.7
	4.7
	4.7

	Total OFDM symbol duration
	µs
	71.36
	71.36
	71.36

	Number of PRBs
	
	28
	28
	28

	Aggregate Modulation Symbol rate 
	Msymb/s
	4.709
	4.709
	4.709

	 
	 
	
	
	

	Terminal RF characteristics
	
	
	
	

	Antenna Gain
	dBi
	0
	0
	4

	Noise Figure
	dB
	6
	6
	2

	Antenna Temperature
	K
	290
	290
	150

	Ambient Temperature
	K
	290
	290
	290

	Antenna polarization (Circular or Linear)
	 
	L
	C
	C

	
	
	
	
	

	System assumptions
	
	
	
	

	Elevation angle to satellite as seen from the UE
	°
	30
	30
	30

	Corresponding slant Range (distance between UE and satellite for the considered elevation angle)
	km
	40
	40
	40

	
	
	
	
	

	HAPS RF characteristics
	 
	
	
	

	HAPS nominal altitude
	km
	20
	20
	20

	Typical average C/I within a satellite beam
	dB
	16
	16
	16

	HAPS beam polarization
	
	C
	C
	C

	
	
	
	
	

	Link budget
	
	
	
	

	Free space propagation loss
	dB
	-131,1
	-131,1
	-131,1

	Atmospheric loss 
	dB
	-0,1
	-0,1
	-0,1

	Shadowing margins
	dB
	10
	10
	10

	[bookmark: _Toc509401976]Required C/(N+I) for the targeted data rate
	[bookmark: _Toc509401977]dB
	[bookmark: _Toc509401978]5,4
	[bookmark: _Toc509401979]8,2
	[bookmark: _Toc509401980]13,5

	Required useful EIRP per channel of 5 MHz
	dBW
	19.5
	19.5
	19.5

	Required useful HAPS EIRP density 
	dBW/MHz
	12.5
	12.5
	12.5



[bookmark: _Toc509401981][bookmark: _Toc516673737]A6.2 Uplink performance

Table6.2-1: Example of HAPS in  S band Uplink Link budget with NR DFT-SOFDM for different kinds of terminals
	System performance target
	 
	HH1
	HH2
	VM

	Spectral efficiency 
	bits/s/Hz
	[bookmark: _Toc509401982]1,000
	[bookmark: _Toc509401983]2,875
	[bookmark: _Toc509401984]3,750

	Information data rate (after decoding)
	Mb/s
	[bookmark: _Toc509401985]5,04
	[bookmark: _Toc509401986]14,49
	[bookmark: _Toc509401987]18,9

	
	
	
	
	

	Radio interface configuration
	
	
	
	

	Up-link carrier frequency 
	GHz
	1.94
	1.94
	1.94

	Channel Bandwidth
	Mhz
	5.04
	5.04
	5.04

	Number of PRB
	
	28
	28
	28

	
	(µs
	66,6667
	66,6667
	66,6667

	Cyclic Prefix 
	µs
	4,7
	4,7
	4,7

	Total OFDM symbol duration
	µs
	71,36
	71,36
	71,36

	Aggregate Modulation symbol rate 
	Msymb/s
	4.709
	4.709
	4.709

	
	 
	
	
	

	Terminal RF characteristics
	
	
	
	

	Max EIRP 
	dBW
	-10
	0
	7

	 
	 
	
	
	

	System assumptions 
	 
	
	
	

	Elevation angle to satellite
	°
	30
	30
	30

	Slant Range (distance between UE and satellite for the considered elevation angle)
	km
	40
	40
	40

	 
	 
	
	
	

	HAPS RF characteristics
	 
	
	
	

	Nominal altitude
	km
	20
	20
	20

	Typical average C/I in a beam
	dB
	16
	16
	16

	
	 
	
	
	

	Link budget
	 
	
	
	

	Output back off in the terminal
	dB
	0
	0
	0

	Terminal useful EIRP per channel
	dBW
	-10
	0
	7

	Free space propagation loss
	dB
	-130,2
	-130,2
	-130,2

	Atmospheric propagation loss (in clear sky conditions)
	dB
	-0.1
	-0.1
	-0.1

	Shadowing margins
	dB
	10
	10
	10

	[bookmark: _Toc509401988]Required C/(N+I)
	[bookmark: _Toc509401989]dB
	[bookmark: _Toc509401990]1,7
	[bookmark: _Toc509401991]10,2
	[bookmark: _Toc509401992]13,5

	Required HAPS G/T (corresponding to Rx sensitivity)
	dB/K
	-9
	-9
	-9





[bookmark: _Toc516673738]A7	Deployment scenario: GEO satellite in L band
The following tables present the downlink and uplink link budgets, for the different types of terminals listed in the section A1.
On both directions, the impact of feeder links is supposed to create around 0,5 dB degradation.

[bookmark: _Toc516673739]A7.1 Downlink performance
An example of the downlink link budgets is presented here below.
Table 7.1-1: Example of GEO satellite L band Downlink link budgets for different kinds of terminals
	System performance target
	
	UT1
	UT2
	UT3

	Spectral efficiency
	bits/s/Hz
	0.3 
	0.44
	0.44

	Information data rate (IP) per carrier
	kbps
	 484
	709
	709

	 
	 
	
	
	

	Radio interface configuration
	 Unit
	
	
	

	Down-link Carrier Frequency 
	(GHz)
	 1.550
	1.550
	1.550

	Channel bandwidth  
	MHz
	 1.4
	1.4
	 1.4

	SCS
	kHz
	15
	15
	15

	Number of PRBs
	
	6
	6
	6

	 
	 
	
	
	

	Terminal RF characteristics
	
	
	
	

	Antenna Gain
	dBi
	1
	3
	6

	Noise Figure
	dB
	4
	4
	4

	Antenna polarization (Circular or Linear)
	 
	C
	C
	C

	
	
	
	
	

	System assumptions
	
	
	
	

	Average elevation angle to satellite as seen from the UT
	°
	30
	30
	30

	Corresponding slant Range (distance between UE and satellite for the considered elevation angle)
	km
	38611.5
	38611.5
	38611.5

	
	
	
	
	

	Satellite RF characteristics
	 
	
	
	

	Satellite nominal altitude
	km
	35786
	35786
	35786

	Average C/Io within a satellite beam
	dB
	61
	61
	61

	Satellite transmit polarization
	
	RHCP
	RHCP
	RHCP

	
	
	
	
	

	Link budget
	
	
	
	

	Free space propagation loss
	dB
	-188.8
	-188.8
	-188.8

	Other losses 
	dB
	1
	1
	-0,1

	Average shadowing margin
	dB
	3
	3
	3

	Required C/(No+Io) for the targeted data rate
	dB
	58.3
	60.7
	60.7

	Average FL EIRP per carrier 
	dBW
	52
	52
	52



Note : the link budgets include, when necessary, degradation due to polarization mismatch. 

[bookmark: _Toc516673740]A7.2 Uplink performance
Table 7.2-1: Example of GEO satellite L band Uplink Link budget for different kinds of terminals
	
 System performance target
	 
	UT1
	UT2
	UT3

	Spectral efficiency 
	bits/s/Hz
	0,25
	0,25
	0,25

	Information data rate (after decoding)
	kb/s
	22
	45
	90

	
	
	
	
	

	Radio interface configuration
	
	
	
	

	Up-link carrier frequency 
	GHz
	1.657
	1.657
	1.657

	Channel Bandwidth
	kHz
	180
	180
	180

	Number of PRB
	
	1
	1
	1

	
	 
	
	
	

	Terminal RF characteristics
	
	
	
	

	Max EIRP
	dBW
	-7
	0
	7

	 
	 
	
	
	

	System assumptions 
	 
	
	
	

	Elevation angle to satellite
	°
	30
	30
	30

	Slant Range (distance between UE and satellite for the considered elevation angle)
	km
	38611.6
	38611.6
	38611.6

	 
	 
	
	
	

	Satellite RF characteristics
	 
	
	
	

	Nominal altitude
	km
	35786
	35786
	35786

	Typical average C/I in a beam
	dB
	16
	16
	16

	
	 
	
	
	

	Link budget
	 
	
	
	

	Output back off in the terminal
	dB
	0
	0
	0

	Terminal useful EIRP per channel
	dBW
	-7
	0
	7

	Free space propagation loss
	dB
	-189.3
	-189.3
	-189.3

	Atmospheric propagation loss (in clear sky conditions)
	dB
	-0.1
	-0.1
	-0.1

	Shadowing margins
	dB
	3
	3
	3

	Required C/(No+Io)
	dB
	50
	52
	54

	Average satellite G/T
	dB/K
	20.5
	20.5
	20.5


[bookmark: _Toc509401993]

[bookmark: _Toc516673741]A8 : Performances assessment summary
[bookmark: _Toc509401994][bookmark: _Toc516673742]A8.1 Ka-band deployment scenarios: D1 and D4
For the Ka band deployment scenarios (GEO and LEO at 600 km), we summarise here under the minimum satellite payload performance requirements (EIRP density and figure of merit (G/T) for a spectral efficiency of 2.
It assumes for UE, a VSAT terminal which characteristics are listed in table A1.
Table8.1-1: Minimum Required Useful Satellite EIRP density (dBW/MHz) for a Spectral Efficiency of 2 bit/s/Hz 
	
	GEO: 35786km
	LEO: 600 km

	Minimum EIRP density (dBW/MHz)
	34.7 
	3.6



Table8.1-2: Minimum Required Useful Satellite G/T (dB/K) for a Spectral Efficiency of 2 bit/s/Hz 
	
	GEO: 35786km DFT SOFDM
	GEO: 35786km CP-OFDM
	LEO: 600 km  DFT SOFDM
	LEO: 600 km   CP-OFDM

	Minimum G/T (dB/K)
	24
	25
	-7 
	-6



[bookmark: _Toc509401995][bookmark: _Toc516673743]A8.2 S-band deployment scenarios: D2, D3 and D5
For the S band deployment scenarios (GEO, LEO at 600 km and HAPS), we summarise here under,  the minimum space or airborne payload performance requirements (EIRP density and figure of merit, G/T) for various targeted data rates on respectively down and uplink and various UE types. 
Table8.2-1: Minimum Required Useful space and airborne EIRP density (dBW/MHz) per 5 MHz channel
	
	Downlink data rate for HH1 UE
	Downlink data rate for HH2 & VM UE
	Minimum Required EIRP density (dBW/MHz)

	GEO: 36000 km
	1.25 Mbps
	2.27 & 10 Mbps (respectively)
	+62 dBW/MHz

	LEO: 600 km
	1.25 Mbps
	2.27 & 10 Mbps (respectively)
	+31 dBW/MHz

	HAPS: 20 km
	8.2 Mbps
	12 & 18.9 Mbps (respectively)
	+12.5 dBW/MHz




Table8.2-2: Minimum Required space and airborne G/T (in dB/K)
	
	Channel bandwidth
	Uplink data rate for HH1 UE
	Uplink data rate for HH2 & VM UE
	Min required G/T

	GEO: 36000 km
	180 KHz channel
	18.75  kbps@15 kHz
	 202.5&  202.5 kbps (respectively)
	+20 dB/K

	LEO: 600 km
	180 KHz channel
	36 kbps
	247.5 & 247.5 kbps (respectively)
	-8.4 dB/K

	HAPS: 20 km
	5 MHz channel
	5 Mbps
	14.5 & 18.9 Mbps (respectively)
	-9 dB/K
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