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Abstract: Preliminary link budget analysis for NR radio interface performance evaluation via satellite/HAPS


1. [bookmark: _Ref298777854]Introduction
This paper analyses the link budget performance of the New Radio (NR) physical layer over satellite links for mMTC service. The main purpose of this contribution is to study the forward compatibility of the proposed NR waveform with satellite links as part of the Rel-16/NR Phase 2. 
The NR is not yet defined, and for the time being, we shall use in this paper LTE performance characteristics, especially the NB IoT physical layer.
In this paper, link budgets are provided for the following different cases of aerial platforms
· High Altitude Platforms (HAPS) : stratospheric balloons 
· Low Earth Orbiting (LEO) satellites 
· Medium Earth Orbit (MEO) satellite.
· Geostationary satellite (GEO)

Note that the following definitions may apply:
· Aerial platform: any platform operating above ground. This refers to drones, UAVs, HAPS and satellites
· Satellite: a platform integrating a transparent repeater or a telecommunication transmitter, placed into Low-Earth Orbit (LEO) typically at an altitude between 500 km to 2000 km, Medium-Earth Orbit (MEO) typically at an altitude between 8000 to 20000 km, or Geostationary-satellite Earth Orbit (GEO) at about 35 786 km altitude. 
· Non Geostationary Satellite: a satellite (LEO or MEO) that circles around the Earth with a period that varies between 1.5 hour and 10 hours depending on its altitude.  A constellation of Non Geostationary Satellites associated with handover mechanisms are necessary to ensure service continuity.

1. Discussion
Hypothesis
Services 
We consider narrowband point to point services such as
· Short Message Services, 
· Voice
This requires a peak service rate on both Down and Up link of up to 10 kbps per user equipment. In case of SMS only, the peak service rate can be reduced to a lower service rate value.
Note that given their inherent capability for broadcast/multicast service, aerial platforms can also provide an equivalent e-MBMS with a peak service of hundreds of kbps per 200 kHz channel (1 block).
We shall assume that link budget are made using a Block Error Rate (BLER) of 1 %.

Frequency bands 
For the different cases of aerial platforms, we shall consider a theoretical frequency band around 2 GHz for the service link (aerial platform - User Equipment) .

User equipment: 
The User Equipment (UE) is based on the 3GPP Class 3 terminal (see 3GPP TS 36.101) with omni directional antenna and linear polarization. 
Note that different Noise Figure values are envisaged.
	UE class
	Class 3
	Class 3
	Class 3

	Max Tx Power (Note 1)
	23 dBm
	23 dBm (Note 2)
	23 dBm

	Antenna gain
	0 dBi
	0 dBi
	0 dBi

	Noise figure
	9 dB
	6 dB
	4,5 dB

	G/T (Note 3)
	-33,6 dB/K
	-30,6 dB/K
	-29,1 dB/K

	Equivalent G/T under satellite coverage (Note 4)
	-36,6 dB/K

	-33,6 dB/K

	-32,1 dB/K


	EIRP
	23 dBm
	23dBm
	23 dBm

	Equivalent EIRP under satellite coverage (Note 4)
	20 dBm
	20 dBm
	20 dBm



Note 1 : 20 dBm corresponds to -10 dBW
Note 2 : Typically a noise figure of 6 dB is achievable in the range of 1.5 to 2 GHz and therefore will be assumed in the link budget computation.
Note 3 : For the computation of G/T or figure of merit, following formula applies in dB:
G/T = Ga – NF – 10*LOG(To+(Ta-To)/(100.1*NF))
where
· Antenna Gain : Ga in dBi
· Ambient Temperature : To (usually 290 K)
· Antenna temperature : Ta (Typically 290 K with 0 dBi gain)
· Noise Figure : NF in dB

Note 4 : The polarization of the UE antenna is linear, while satellite on board antennas are typically circularly polarized in this frequency range. This leads to a polarization mismatch of about 3 dB. So the User Equipment under satellite coverage will suffer from a reduced G/T by 3 dB and a reduced EIRP by 3 dB. This is what is meant by equivalent G/T and EIRP under satellite coverage. 

Waveform
As part of this analysis, it is proposed to consider the NB-IoT waveform with :
On the downlink
· One Physical Resource Block with 12 sub-carriers occupying the fill carrier bandwidth of 180 kHz for Satellite and HAPS
On the uplink
· One single tone, with two possible carrier bandwidth : 3,75 kHz and/or  15 kHz for satellite
· One Physical Resource Block with 12 sub-carriers occupying the fill carrier bandwidth of 180 kHz for HAPS

Aerial platforms
There are different aerial platforms 
· High Altitude Platforms (HAPS) : stratospheric platform quasi stationnary around 20 km altitude
· Low Earth Orbit (LEO) satellites : at two different altitudes, 800 and 1500 km
· Medium Earth Orbit (MEO) satellite at 10000 km altitude.
· Geostationary satellite at 35786 km altitude

Antenna performance
Typically, active antennas are considered for HAPS and NGSO satellites able to generate multi beams with quasi iso flux characteristics.
Isoflux antennas allow to achieve a higher gain at low elevation angles compared to nadir, providing thus a compensation of the free space loss difference. Hence, the Power Flux Density will be the same over a large range of elevation angles.
In case of GEO satellites, multiple beams can be generated with a complex antenna feed sub-system and a very large reflector (>9 meters diameter).
Typically on board antennas and frequency re-use factors ensure a Carrier to Interference ratio (C/I) of around 16 dB on both directions.
For the link budget, we assume a 30° elevation angle representative of all elevation conditions. Except for HAPS, we assume an elevation angle of 10°.

Link margin
Typically mobile satellite system are mainly operated in outdoor environment corresponding to Line of Sight conditions with shadowing margins depending on the targeted availability.
Typically, the targeted availability in mobile satellite systems is 90% requiring a shadowing margin in the range of 5 to 10 dB.
As per HAPS, the shadowing margin can be increased to 15 dB allowing outdoor operation, in car penetration and 1st window penetration with 95% availability.
“Availability” performance in satellite system context is equivalent to the “coverage probability” in cellular system context.



Performance assessment
For 3GPP class 3 UE, we compute the minimum EIRP and G/T at satellite level to ensure the targeted data rate for an optimum mod/code operating point on both directions.
Table 3: Minimum Required Satellite EIRP (dBW) per 180 kHz carrier 
	Data rate per 180 KHz carrier
	HAPS: 20 km
	LEO: 800 km
	LEO: 1500 km
	MEO: 10000 km
	GEO: 36000 km

	100kb/s
	15,5 dBW
	27,8 dBW
	32,6 dBW
	46,7 dBW
	56, 7 dBW

	200kb/s
	18,6 dBW
	33,4 dBW
	38,2 dBW
	52,3 dBW
	62,2 dBW



Table 4: Minimum Required Platform G/T (in dB/K)
	User rate per UE
	HAPS: 20 km
	LEO: 800 km
	LEO: 1500 km
	MEO: 10000 km
	GEO: 36000 km

	1 kbps
	N/A
	-18,7 dB/K
	-13,9 dB/K
	0,1 dB/K 
	10,1 dB/K

	5 kbps
	N/A
	-12,7 dB/K
	-7,9 dB/K
	6,1 dB/K
	16,1 dB/K

	10 kbps
	-20 dB/K
	-10,8 dB/K
	-5,9 dB/K
	7,1 dB/K 
	18,1 dB/K



For HAPS, it is possible to increase the data rate to more than 100 kbps for a 10° elevation angle with a G/T of -9,7 dB/K.

1. Summary
This contribution analyses how the LTE/NB-IoT access technology performs in satellite/HAPS system context.



1. Appendix: Link budgets computation

HAPS at 20 km

Table 5: Possible Link budgets for handheld Class-3 UE and HAPS – 20km Down Link
	HAPS at 20 km 
	 
	FWD

	Terminal Type
	 
	Handheld

	Transmission parameters
	Unit
	 

	Used bandwidth per PRB
	(khz)
	180

	Down-link Frequency 
	(GHz)
	2,1400

	Output back off
	(dB)
	-1,7

	Useful carrier EIRP/PRB
	(dBW)
	15,5

	Required EIRP per bloc at saturation 
	(dBW)
	17,2

	Symbol rate 
	(Ksymb/s)
	161,1

	 
	 
	 

	Haps altitude
	km
	20,0

	Elevation angle to HAPS
	°
	10,0

	C/I
	(dB)
	16

	Slant Range
	(km)
	115,2

	Free space propagation
	(dB)
	-140,3

	Atmospheric loss
	(dB)
	-0,1

	Shadowing margins
	(dB)
	15,0

	Terminal 
	 
	 

	Antenna gain
	(dBi)
	0,0

	G/T
	(dB/K)
	-30,6

	Polarisation (Circular or Linear)
	 
	L

	Polarisation mismatch loss 
	(dB)
	-3,0

	Effective G/T under HAPS coverage
	(dB/K)
	-33,6

	(C/No)
	(dB Hz)
	55,2

	(C/Io ) downlink
	(dBHz)
	68,6

	C/(No+Io)
	(dBHz)
	55,0

	Obtained C/N 
	(dB)
	2,4

	Residual Margins 
	(dB)
	0,0

	Rate
	kb/s
	107,4



Table 6: Possible Link budgets for handheld Class-3 UE and HAPS – 20km Up Link


	HAPS at 20 km
	 
	RTN
	RTN

	Terminal Type
	 
	Handheld
	Handheld

	Transmission parameters
	Unit
	 
	

	Used bandwidth 
	(khz)
	180
	15

	Up-link Frequency 
	(GHz)
	1,940
	1,940
	

	Useful carrier EIRP
	(dBm)
	20
	20

	Symbol rate 
	(Ksymb/s)
	165,0
	13,6

	Haps altitude
	km
	20,0
	20,0

	Elevation angle to HAPS
	°
	10,0
	10,0

	C/I
	(dB)
	20,0
	20,0

	Slant Range
	(km)
	115,2
	115,2

	Free space propagation
	(dB)
	-139,4
	-139,4

	Atmospheric loss
	(dB)
	-0,1
	-0,1

	Shadowing margins
	(dB)
	15,0
	15,0

	HAPS
	 
	 
	

	G/T
	(dB/K)
	-9,7
	-20,00

	(C/No)
	(dB Hz)
	54,4
	43,9

	(C/Io ) downlink
	(dBHz)
	68,6
	156,5

	C/(No+Io)
	(dBHz)
	54,2
	43,9

	Overall C/(No+Io) (including C/Io uplink 0,5 dB degradation)
	(dBHz)
	54,2
	43,4

	Obtained C/N 
	(dB)
	1,7
	2,05

	Rate
	kb/s
	107,4
	9,00



LEO satellite at 800 km
On forward link the link budget is presented here below in different cases
Table 7: Possible Link budgets for handheld Class-3 UE and LEO-800 km satellite Forward Link
	LEO satellite at 800 km
	 
	FWD

	Terminal Type
	 
	Handheld

	Transmission parameters
	Unit
	 

	Used bandwidth this is the case for 1,4 MHz 
	(khz)
	180

	Down-link Frequency 
	(GHz)
	2,17000

	Output back off
	(dB)
	-1,7

	Useful  EIRP
	(dBW)
	27,8

	Required EIRP per bloc at saturation 
	(dBW)
	29,5

	Symbol rate 
	(Ksymb/s)
	161,2

	 
	 
	 

	Satellite altitude
	km
	800,0

	Elevation angle to satellite
	°
	30,0

	C/I
	(dB)
	16,0

	Slant Range
	(km)
	1395,2

	Free space propagation
	(dB)
	-162,1

	Atmospheric loss
	(dB)
	-0,1

	Shadowing margins
	(dB)
	8,0

	 
	 
	 

	Terminal 
	 
	 

	Antenna gain
	(dBi)
	0,0

	G/T
	(dB/K)
	-30,6

	Polarisation (Circular or Linear)
	 
	L

	Polarisation mismatch loss 
	(dB)
	-3,0

	Effective G/T under satellite coverage
	(dB/K)
	-33,6

	(C/No)
	(dB Hz)
	52,7

	(C/Io ) downlink
	(dBHz)
	68,6

	C/(No+Io)
	(dBHz)
	52,6

	Overall C/(No+Io) (including C/Io uplink) (0,5 dB degradation)
	(dBHz)
	52,1

	Obtained C/N 
	(dB)
	-0,5

	Rate
	kb/s
	107,4



Table 8: Possible Link budgets for handheld Class-3 UE and LEO-800 km satellite return Link
	LEO satellite 800 km Single Tone
	
	RTN
	RTN
	RTN

	Terminal Type
	 
	Handheld
	Handheld
	Handheld

	Transmission parameters
	Unit
	 
	 
	 

	Carrier Bandwidth
	(khz)
	3,75
	15
	15

	Roll Off
	 
	0,1
	0,1
	0,1

	Uplink Frequency 
	(GHz)
	1,98000
	1,98000
	1,98000

	Useful carrier EIRP (under satellite coverage)
	(dBm)
	20
	20
	20

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	Satellite altitude
	km
	800,0
	800,0
	800,0

	Elevation angle to satellite
	°
	30,0
	30,0
	30,0

	C/I
	(dB)
	16,0
	16,0
	16,0

	Slant Range
	(km)
	1395,2
	1395,2
	1395,2

	Free space propagation
	(dB)
	-161,3
	-161,3
	-161,3

	Atmospheric loss
	(dB)
	-0,1
	-0,1
	-0,1

	Shadowing margins
	(dB)
	5,0
	5,0
	5,0

	 
	 
	 
	 
	 

	Satellite
	 
	 
	 
	 

	Satelliite G/T 
	(dB/K)
	-18,74
	-12,71
	-10,77

	(C/No)
	(dB Hz)
	33,5
	39,5
	41,5

	(C/Io ) downlink
	(dBHz)
	51,3
	57,3
	57,3

	C/(No+Io)
	(dBHz)
	33,4
	39,4
	41,4

	Overall C/(No+Io) (including 0,5 dB feeder link degradation)
	(dBHz)
	32,9
	38,9
	40,9

	Obtained C/N 
	(dB)
	-2,4000
	-2,39900
	-0,4951

	Rate
	kb/s
	1,350
	5,400
	9,000





LEO satellite at 1500 km
On forward link the link budget is presented here below in different cases
Table 9: Possible Link budgets for handheld Class-3 UE and LEO-1500 km satellite Forward Link
	LEO satellite at 1500 km
	 
	FWD

	Terminal Type
	 
	Handheld

	Transmission parameters
	Unit
	 

	Used bandwidth this is the case for 1,4 MHz 
	(khz)
	180

	Down-link Frequency 
	(GHz)
	2,17000

	Output back off
	(dB)
	-1,7

	Useful c EIRP
	(dBW)
	32,6

	Required EIRP per bloc at saturation 
	(dBW)
	34,3

	Symbol rate 
	(Ksymb/s)
	161,2

	 
	 
	 

	Satellite altitude
	km
	1500,0

	Elevation angle to satellite
	°
	30,0

	C/I
	(dB)
	16,0

	Slant Range
	(km)
	2428,3

	Free space propagation
	(dB)
	-166,9

	Atmospheric loss
	(dB)
	-0,1

	Shadowing margins
	(dB)
	8,0

	Terminal 
	 
	 

	Antenna gain
	(dBi)
	0,0

	G/T
	(dB/K)
	-30,6

	Polarization (Circular or Linear)
	 
	L

	Polarization mismatch loss 
	(dB)
	-3,0

	Effective G/T under satellite coverage
	(dB/K)
	-33,6

	(C/No)
	(dB Hz)
	52,7

	(C/Io ) downlink
	(dBHz)
	68,6

	C/(No+Io)
	(dBHz)
	52,6

	Overall C/(No+Io) (including C/Io uplink0,5 dB degradation)
	(dBHz)
	52,1

	Obtained C/N 
	(dB)
	-0,5

	Rate
	kb/s
	107,4



On the uplink side, we take the two cases of EIRP and with the two cases ; 3,75 kHz and 15 kHZ (only 
Table 10: Possible Link budgets for handheld Class-3 UE and LEO-1500 km satellite Return Link
	LEO satellite at 1500 km
	 
	RTN
	RTN
	RTN

	Terminal Type
	 
	Handheld
	Handheld
	Handheld

	Transmission parameters
	Unit
	 
	 
	

	Carrier Bandwidth
	(khz)
	3,75
	15
	15

	Roll Off
	 
	0,1
	0,1
	0,1

	Uplink Frequency 
	(GHz)
	1,98000
	1,98000
	1,98000

	Useful carrier EIRP
	(dBm)
	20
	20
	20

	 
	 
	 
	 
	

	 
	 
	 
	 
	

	Satellite altitude
	km
	1500,0
	1500,0
	1500,0

	Elevation angle to satellite
	°
	30,0
	30,0
	30,0

	C/I
	(dB)
	16,0
	16,0
	16,0

	Slant Range
	(km)
	2428,3
	2428,3
	2428,3

	Free space propagation
	(dB)
	-166,1
	-166,1
	-166,1

	Atmospheric loss
	(dB)
	-0,1
	-0,1
	-0,1

	Shadowing margins
	(dB)
	5,0
	5,0
	5,0

	 
	 
	 
	 
	

	Satellite
	 
	 
	 
	

	G/T
	(dB/K)
	-13,92
	-7,90
	-5,96

	(C/No)
	(dB Hz)
	33,5
	39,5
	41,5

	(C/Io ) downlink
	(dBHz)
	51,3
	57,3
	57,3

	C/(No+Io)
	(dBHz)
	33,4
	39,4
	41,3

	Overall C/(No+Io) (including C/Io uplink) (0,5 dB degradation)
	(dBHz)
	32,9
	38,9
	40,8

	Obtained C/N 
	(dB)
	-2,4000
	-2,39900
	-0,4985

	Rate
	kb/s
	1,350
	5,400
	9,000




MEO satellite at 10000 km

Table 11: Possible Link budgets for handheld Class-3 UE and MEO-10000 km satellite Forward Link
	MEO satellite 10000 km
	 
	FWD

	Terminal Type
	 
	Handheld

	Transmission parameters
	Unit
	 

	Used bandwidth this is the case for 1,4 MHz 
	(khz)
	180

	Down-link Frequency 
	(GHz)
	2,17000

	Output back off
	(dB)
	-1,7

	Useful carrier EIRP
	(dBW)
	46,7

	Required EIRP per bloc at saturation 
	(dBW)
	48,4

	Symbol rate 
	(Ksymb/s)
	161,1

	 
	 
	 

	Satellite altitude
	km
	10000,0

	Elevation angle to satellite
	°
	30,0

	C/I
	(dB)
	16,0

	Slant Range
	(km)
	12229,5

	Free space propagation
	(dB)
	-180,9

	Atmospheric loss
	(dB)
	-0,1

	Shadowing margins
	(dB)
	8,0

	 
	 
	 

	Terminal 
	 
	 

	Antenna gain
	(dBi)
	0,0

	G/T
	(dB/K)
	-30,6

	Polarization (Circular or Linear)
	 
	L

	Polarization mismatch loss 
	(dB)
	-3,0

	Effective G/T under satellite coverage
	(dB/K)
	-33,6

	(C/No)
	(dB Hz)
	52,7

	(C/Io ) downlink
	(dBHz)
	68,6

	C/(No+Io)
	(dBHz)
	52,6

	Overall C/(No+Io) (including C/Io uplink) (0,5 dB degradation)
	(dBHz)
	52,1

	Obtained C/N 
	(dB)
	-0,5

	Rate
	kb/s
	107,4



Table 12: Possible Link budgets for handheld Class-3 UE and MEO – 10000 km satellite Return Link
	MEO satellite Single Tone
	
	RTN
	RTN
	RTN

	Terminal Type
	 
	Handheld
	Handheld
	Handheld

	Transmission parameters
	Unit
	 
	 
	 

	Carrier Bandwidth
	(khz)
	3,75
	15
	15

	Roll Off
	 
	0,1
	0,1
	0,1

	Uplink Frequency 
	(GHz)
	1,98000
	1,98000
	1,98000

	Useful carrier EIRP
	(dBWm)
	20
	20-209,0
	-9,0

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	Satellite altitude
	km
	10000,0
	10000,0
	10000,0

	Elevation angle to satellite
	°
	30,0
	30,0
	30,0

	C/I
	(dB)
	16,0
	16,0
	16,0

	Slant Range
	(km)
	12229,5
	12229,5
	12229,5

	Free space propagation
	(dB)
	-180,1
	-180,1
	-180,1

	Atmospheric loss
	(dB)
	-0,1
	-0,1
	-0,1

	Shadowing margins
	(dB)
	5,0
	5,0
	3,0

	 
	 
	 
	 
	 

	Satellite
	 
	 
	 
	 

	Antenna gain
	(dBi)
	 
	 
	 

	G/T
	(dB/K)
	0,12
	6,14
	7,14

	(C/No)
	(dB Hz)
	33,5
	39,5
	42,5

	(C/Io ) downlink
	(dBHz)
	51,3
	57,3
	57,3

	C/(No+Io)
	(dBHz)
	33,4
	39,4
	42,4

	Overall C/(No+Io) (including C/Io uplink) (0,5 dB degradation)
	(dBHz)
	32,9
	38,9
	41,9

	Obtained C/N 
	(dB)
	-2,4000
	-2,39900
	0,5293

	Rate
	kb/s
	1,350
	5,400
	9,000



GEO satellite 
Table 13: Possible Link budgets for handheld Class-3 UE and GEO satellite Forward Link
	GEO satellite 
	 
	FWD

	Terminal Type
	 
	Handheld

	Transmission parameters
	Unit
	 

	Used bandwidth this is the case for 1,4 MHz 
	(khz)
	180

	Down-link Frequency 
	(GHz)
	2,17000

	Output back off
	(dB)
	-1,7

	Useful EIRP
	(dBW)
	56,7

	Required EIRP per bloc at saturation 
	(dBW)
	58,4

	Symbol rate 
	(Ksymb/s)
	161,2

	 
	 
	 

	Satellite altitude
	km
	35786,0

	Elevation angle to satellite
	°
	30,0

	C/I
	(dB)
	16,0

	Slant Range
	(km)
	38611,6

	Free space propagation
	(dB)
	-190,9

	Atmospheric loss
	(dB)
	-0,1

	Shadowing margins
	(dB)
	8,0

	 
	 
	 

	Terminal 
	 
	 

	Antenna gain
	(dBi)
	0,0

	G/T
	(dB/K)
	-30,6

	polarization (Circular or Linear)
	 
	L

	polarization mismatch loss 
	(dB)
	-3,0

	Effective G/T under satellite coverage
	(dB/K)
	-33,6

	(C/No)
	(dB Hz)
	52,7

	(C/Io ) downlink
	(dBHz)
	68,6

	C/(No+Io)
	(dBHz)
	52,6

	Overall C/(No+Io) (including C/Io uplink0,5 dB degradation)
	(dBHz)
	52,1

	Obtained C/N 
	(dB)
	-0,5

	Rate
	kb/s
	107,4





Table 14: Possible Link budgets for handheld Class-3 UE and GEO satellite Return Link
	GEO satellite Single Tone
	
	RTN
	RTN
	RTN

	Terminal Type
	 
	Handheld
	Handheld
	Handheld

	Transmission parameters
	Unit
	 
	 
	 

	Carrier Bandwidth
	(khz)
	3,75
	15
	15

	Roll Off
	 
	0,1
	0,1
	0,1

	Uplink Frequency 
	(GHz)
	1,98000
	1,98000
	1,98000

	Useful carrier EIRP
	(dBm)
	20
	20
	20

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	Satellite altitude
	km
	35786,0
	35786,0
	35786,0

	Elevation angle to satellite
	°
	30,0
	30,0
	30,0

	C/I
	(dB)
	16,0
	16,0
	16,0

	Slant Range
	(km)
	38611,6
	38611,6
	38611,6

	Free space propagation
	(dB)
	-190,1
	-190,1
	-190,1

	Atmospheric loss
	(dB)
	-0,1
	-0,1
	-0,1

	Shadowing margins
	(dB)
	5,0
	5,0
	5,0

	 
	 
	 
	 
	 

	Satellite
	 
	 
	 
	 

	G/T
	(dB/K)
	10,11
	16,13
	18,07

	(C/No)
	(dB Hz)
	33,5
	39,5
	41,5

	(C/Io ) downlink
	(dBHz)
	51,3
	57,3
	57,3

	C/(No+Io)
	(dBHz)
	33,4
	39,4
	41,3

	Overall C/(No+Io) (including C/Io uplink) (0,5 dB degradation)
	(dBHz)
	32,9
	38,9
	40,8

	Obtained C/N 
	(dB)
	-2,4000
	-2,39900
	-0,4960

	Rate
	kb/s
	1,350
	5,400
	9,000
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