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	WiMAX Forum

	input on working document towards Preliminary draft new report ITU-R S.[BWA-FSS]


Executive summary
Successful coexistence of BWA systems and FSS systems in the 3400 – 4200 MHz band depends on their channel allocations and their deployment scenarios, as well as on the propagation environments. The results in this study highlight the cases where they can coexist versus the cases where other measures need to be taken into account to facilitate coexistence.

1 Introduction

The current working document (Annex 5 to 4A/278-E) [1] ‎provides a set of FSS system parameters and a set of BWA system parameters. These parameters cover a variety of FSS systems, such as those with different antenna diameters and different elevation angles, and many BWA systems, such as those with different usage models. Combination of these varieties could create different deployment scenarios. This contribution provides studies for a selection of these deployment scenarios.
The propagation models in Recommendation ITU-R P.452-13 [6] are used in this study. These models have a number of parameters that need to be implemented. Since [1] does not provide assumptions and values for these parameters, a set of assumptions has been made on the values for them.

2 Compatibility study’s methodology and assumptions
The WiMAX Forum is of the view that statistical analyses provide for better understanding of coexistence of wireless systems. As a first step, however, deterministic analysis is being conducted to obtain a clear picture of the worst case scenarios. Statistical analyses will be provided to subsequent meetings of WP 5A and WP 4A.

In the deterministic case, for each deployment scenario, the minimum separation distance between BWA BS/TS and FSS ES is derived according to the FSS ES receiver tolerance. The path loss has to meet the following equation
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The separation distance, d, keeps increasing until the following equation is met,
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where,


PL(d): path loss between BWA BS/TS and FSS ES


APTX(d): normalized BWA BS/TS antenna pattern


APRX(d): normalized FSS ES antenna pattern


TX: BWA BS/TS TX power


GTxMax: BWA BS/TS maximum antenna gain


TXFL: BWA BS/TS transmitter feeder loss


GRxMax: FSS ES maximum antenna gain


ACLR: BWA BS/TS adjacent channel leakage ratio; set to 0 for co-channel case


Lp: penetration loss, only applied to fixed-indoor TS case


Itolerance: maximum interference FSS ES can tolerate

2.1 FSS system parameters
The FSS system parameters used in this study are chosen from Table A-1 in [1] which is reproduced in Annex A in this contribution. The table below summarizes the FSS system parameters.
Table 2.1.1
FSS system parameters
	Frequency
	3 400 - 4 200 MHz
(3 600 MHz is used in calculation)

	Bandwidth
	40 kHz – 72 MHz

(7 MHz is used in calculation)

	Earth station antenna radiation patterns
	Recommendation ITU-R S.465

	Antenna diameter in meters
	1.2
	8
	32

	Maximum antenna gain in dBi
	32.8

	47.7

	59.8


	Antenna center height in meters
	5
	5

	25


	Noise temperature (including the contributions of the antenna, feed and LNA/LNB referred to the input of the LNA/LNB receiver)
	100 K
	70 K
	70 K

	Antenna elevation angle
	5 to 85 degrees

	Short-term and long-term maximum permissible Interference level
	Recommendations ITU-R SF.1006


2.2 FSS earth station maximum permissible interference
Recommendation ITU-R SF.1006 [2] recommends a method to estimate the level of maximum permissible interference at the input of FSS earth station. The long-term (20% of the time) maximum permissible interference level is given by
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where,

k:
Boltzmann’s constant: 1.38×10-23 J/K


Tr:
noise temperature of receiving system in K


B:
reference bandwidth in Hz (bandwidth of concern to the FSS system over which the interference power can be averaged)


J:
ratio (in dB) of the permissible long-term interfering power from any one interfering source to the thermal noise power in the FSS system

W:
a thermal noise equivalence factor (in dB) for interfering emissions in the reference bandwidth

A table of values of parameters relating to the above equation is provided in [2], which is reproduced in Annex D of this contribution. In this contribution it is assumed that FSS systems use digital modulation, so J is -10 dB and W is 0 dB. The table below gives the levels of maximum permissible interference.
Table 2.2.1
Level of maximum permissible interference

	k
	Tr
	B
	J
	W
	Ms
	NL
	Pr(20%)
	Pr(0.005%)

	1.38×10-23 J/K
	100 K
	7000000 Hz
	-10 dB
	0 dB
	2 dB
	1 dB
	-120.2 dBm
	-111.5 dBm

	1.38×10-23 J/K
	70 K
	7000000 Hz
	-10 dB
	0 dB
	2 dB
	1 dB
	-121.7 dBm
	-113.0 dBm


The interfering BWA system is assumed to have a bandwidth of 7 MHz.
2.3 FSS ES antenna pattern

The antenna pattern for FSS ES in this study is described in Recommendation ITU-R S.465-5 [3]. Figure 2.3.1 shows the normalized antenna pattern.
[image: image4.emf]-200 -150 -100 -50 0 50 100 150 200

-50

-40

-30

-20

-10

0

Normalized radiation pattern of FSS ES, rotationally symmetrical

Angle from the axis of the main beam in degrees

Attenuation in dB


Figure 2.3.1
FSS Earth Station antenna pattern
2.4 BWA system parameters
A BWA system can be deployed in different scenarios. For the case of this study, Base Stations are categorized as specific cellular rural deployment, typical cellular rural deployment, or typical cellular urban deployment. Terminal Stations are used in fixed-outdoor, fixed-indoor, nomadic, or mobile deployments. Two tables in [1] summarize the BWA system parameters, which are reproduced in Annex A of this contribution. This study focuses on some of these scenarios. The BWA system parameters and scenarios related to this study are provided in the following table. 
Table 2.4.1
BWA system parameters
	
	Base station
	Terminal station

	Deployment scenario
	Specific cellular deployment rural
	Typical cellular deployment urban
	Fixed-outdoor
	Fixed-indoor

	TX peak output power (dBm)
	43
	32
	26
	26

	Channel bandwidth (MHz)
	7
	7
	7
	7

	Feeder loss (dB)
	3
	3
	1
	1

	Peak antenna gain (dBi)
	17
	9
	17
	5

	Antenna gain pattern
	Rec. ITU-R F.1336
	Rec. ITU-R F.1336
	Rec. ITU-R F.1245
	Omni

	Antenna 3 dB beamwidth (degree)
	60° (sectorized)
	Omni-directional
	24°
	n/a

	Antenna downtilt (degree)
	1
	4
	n/a
	n/a

	Antenna height a.g.l. (m)
	50
	15
	10
	1.5

	EIRP (dBm)
	57
	38
	42
	30

	Unwanted emissions
	TBD
	TBD
	See Att.2(5)
	See 
Att. 2(5)


2.5 BWA base station antenna pattern

Two BWA base station antenna patterns are used in this study, which are described in Recommendation ITU-R F.1336-2 [4]. The antenna for specific cellular rural deployment is a sectoral antenna with 60° three-dB beamwidth, while the antenna for typical cellular urban deployment is considered omni-directional.
The detail description of omni-directional antenna pattern is in Section 2.1 of [4]. In this study it is assumed that the antenna is with improved side-lobe performance. So, the parameter k is set to 0. Figure 2.5.1 shows the base station antenna pattern which is used in this study for typical cellular urban deployment.
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Figure 2.5.1
Omni-directional Base station antenna pattern in the vertical plane
The detail description of sectoral antenna pattern is in Section 3.1 of [4]. In this study it is assumed that the antenna is with improved side-lobe performance. So, the parameter k is set to 0. Figure 2.5.2 shows the base station vertical antenna pattern at the horizontal bore-sight, which is used in this study for specific cellular rural deployment. Figure 2.5.3 shows the base station antenna vertical pattern at the horizontal 45 degrees relative to the bore-sight. Figure 2.5.4 shows the base station antenna horizontal pattern at the vertical bore-sight.
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Figure 2.5.2
Base station sectoral antenna vertical pattern at horizontal bore-sight
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Figure 2.5.3
Base station sectoral antenna vertical pattern at horizontal 45 degrees relative to the bore-sight
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Figure 2.5.4
Base station sectoral antenna horizontal pattern at vertical bore-sight
2.6 BWA terminal station antenna pattern

For fixed-outdoor terminal station, the antenna pattern described in Recommendation ITU-R F.1245 [5] is assumed in this study. For fixed-indoor terminal station, the antenna is considered to be omni-directional. Figure 2.6.1 shows the antenna patter for fixed-out door terminal station.
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Figure 2.6.1
Fixed-outdoor terminal station sectoral antenna horizontal pattern
2.7 BWA base station and terminal station out-of-band emission
Annex A of [1] has spectrum masks for BWA base station and terminal station. In this study, adjacent channel leakage ratio (ACLR) of base station and terminal station is derived from their spectrum masks. Since spectrum mask is the least requirement for out-of-band emission, the ACLR values derived from spectrum masks are pessimistic and represent absolute worst case scenarios that hardly occur in actual equipment. The ACLR values of actual equipment are usually far better than these derived values. The following table gives the derived ACLR values for base station and terminal station. ACLR1, ACLR2, and ACLR3 are for the first adjacent channel, the second adjacent channel, and the third and beyond adjacent channels, respectively.
Table 2.7.1
BWA base station and terminal station ACLR values
	
	ACLR1 in dB
	ACLR2 in dB
	ACLR3 in dB

	Base station
	22.0
	47.8
	50.0

	Terminal station
	22.2
	40.0
	49.0


Note that derived ACLR values here are much smaller than the ACLR values used in the ITU-R M.2109 [8].

2.8 Propagation models
The propagation models in Recommendation ITU-R P452-13 [6] are used in this study. These models are fairly complicated and use certain equations in Recommendation ITU-R P.676-7 [7]. For the sake of brevity, equestions are not reproduced in this contribution.

The following table summarizes the values of the propagation model parameters used in this study.

Table 2.8.1
Values of parameters assumed in this study

	Parameter
	Value
	Unit
	Description

	dk
	0.025
	km
	Distance from nominal clutter point to rural BS antenna; same distance for the interfered-with ES

	ha
	9
	m
	Nominal clutter height above local ground level for rural BS antenna

	dk
	0.02
	km
	Distance from nominal clutter point to urban BS antenna; same distance for the interfered-with ES

	ha
	20
	m
	Nominal clutter height above local ground level for urban BS antenna

	dk
	0.02
	km
	Distance from nominal clutter point to fixed-outdoor TS antenna; same distance for the interfered-with ES

	ha
	12
	m
	Nominal clutter height above local ground level for fixed-outdoor TS antenna

	dk
	0.02
	km
	Distance from nominal clutter point to fixed-indoor TS antenna; same distance for the interfered-with ES

	ha
	12
	m
	Nominal clutter height above local ground level for fixed-indoor TS antenna

	ha
	30
	m
	Nominal clutter height above local ground level for 32m ES antenna

	ha
	8
	m
	Nominal clutter height above local ground level for 8m ES antenna

	ha
	8
	m
	Nominal clutter height above local ground level for 1.2m ES antenna

	LP
	8
	dB
	Penetration loss, applied to fixed-indoor TS case

	f
	3.6
	GHz
	Carrier frequency

	p
	20
	%
	Required time percentage for which the calculated basic transmission loss is not exceeded

	φt, φr
	40
	degree
	Latitude of station

	ψt, ψr
	-100
	degree
	Longitude of station

	hg
	20
	m
	Smooth-Earth surface above sea level

	hm
	10
	m
	Terrain roughness parameter which is the maximum height of the terrain above the smooth-Earth surface in the section of the path

	dtm
	0.9d
	km
	Longest continuous land (inland and coastal) section of the great-circle path, d is the distance between TX and RX

	dlm
	0.8d
	km
	Longest continuous inland section of the great-circle path, d is the distance between TX and RX

	dlt,dlr
	0.25d
	km
	For a transhorizon path, distance from TX and RX to their respective horizons. For a LOS path, each is set to the distance from the terminal to the profile point identified as the principal edge in the diffraction method for 50% time, d is the distance between TX and RX. In this study, this parameter is set to 0.25d.

	θt, θr
	17.45
	mrad
	For a transhorizon path, transmit and receive horizon elevation angles respectively. For a LOS path, each is set to the elevation angle of the other terminal. In this study, these are set to +1 degree.

	θ
	θt+ θr +103d/αe
	mrad
	Path angular distance. αe is the median value of effective Earth radius.

	db
	0
	km
	Aggregate length of the path sections over water

	γo+γw(ρ)
	0.008
	dB/km
	Read from Figure 5 in ITU-R P.676-7 (for simplicity)

	∆N
	50
	
	Refractive index lapse-rate over the first 1 km of the atmosphere, read from figure 11 and 12 in ITU-R P.452.13

	h1
	15
	m
	The first edge height above ground level

	h2
	20
	m
	The second edge height above ground level

	h3
	15
	m
	The third edge height above ground level

	d1
	0.25d
	km
	Distance between TX and the first edge

	d2
	0.5d
	km
	Distance between TX and the second edge

	d3
	0.75d
	km
	Distance between TX and the third edge

	N0
	310
	
	Sea-level surface refractivity, read from Figure 13 in ITU-R P.452-13

	t
	10
	ºC
	Annual average temperature

	Pressure
	1013.25
	hPa
	Standard pressure


3 Results

Figure3.1 illustrates the assumption of horizontal locations and horizontal pointing directions of interfering and interfered-with systems.
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Figure 3.1
BWA BS/TS and FSS ES horizontal pointing positions

In each figure in this section, there are four curves; “co-channel” indicates two systems are deployed on the same channel, “1st adj ch” indicates two systems are deployed on the adjacent channels without any guard band, “2nd adj ch” indicates two systems are deployed with 7 MHz guard band, “3rd and beyond adj” indicates that there are guard band of 14 MHz or larger between these two systems.

3.1 BWA rural BS interfering with 32m FSS ES

The following three figures show the minimum required distance in km between BWA rural BS and 32m FSS ES with 5º, 25º, and 50º elevation pointing direction, respectively. The BS antenna horizontal pointing direction is from 0º to 180º.
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3.2 BWA rural BS interfering with 8m FSS ES

The following three figures show the minimum required distance in km between BWA rural BS and 8m FSS ES with 5º, 25º, and 50º elevation pointing direction, respectively. The BS antenna horizontal pointing direction is from 0º to 180º.
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3.3 BWA rural BS interfering with 1.2m FSS ES

The following three figures show the minimum required distance in km between BWA rural BS and 1.2m FSS ES with 5º, 25º, and 50º elevation pointing direction, respectively. The BS antenna horizontal pointing direction is from 0º to 180º.
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3.4 BWA urban BS interfering with 32m FSS ES

The following figure shows the minimum required distance in km between BWA urban BS and 32m FSS ES with 5º to 85º elevation pointing direction.
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3.5 BWA urban BS interfering with 8m FSS ES

The following figure shows the minimum required distance in km between BWA urban BS and 8m FSS ES with 5º to 85º elevation pointing direction.
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Note that distances below 100 meters are not considered in the calculation of required separation distances.
3.6 BWA urban BS interfering with 1.2m FSS ES

The following figure shows the minimum required distance in km between BWA urban BS and 1.2m FSS ES with 5º to 85º elevation pointing direction.
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Note that distances below 100 meters are not considered in the calculation of required separation distances.
3.7 BWA fixed-outdoor TS interfering with 32m FSS ES

The following three figures show the minimum required distance in km between BWA fixed-outdoor TS and 32m FSS ES with 5º, 25º, and 50º elevation pointing direction, respectively. The TS antenna horizontal pointing direction is from 0º to 180º.

[image: image23.emf]0 20 40 60 80 100 120 140 160 180

10

-1

10

0

10

1

10

2

Interferer horizontal pointing angle in degree

R e q   m i n   d   i n   k m

Required min distance for different channel spacing

 

 

co-channel

1st adj ch

2nd adj ch

3rd and beyond adj

 
[image: image24.emf]0 20 40 60 80 100 120 140 160 180

10

-1

10

0

10

1

10

2

Interferer horizontal pointing angle in degree

R e q   m i n   d   i n   k m

Required min distance for different channel spacing

 

 

co-channel

1st adj ch

2nd adj ch

3rd and beyond adj

 
[image: image25.emf]0 20 40 60 80 100 120 140 160 180

10

-1

10

0

10

1

10

2

Interferer horizontal pointing angle in degree

R e q   m i n   d   i n   k m

Required min distance for different channel spacing

 

 

co-channel

1st adj ch

2nd adj ch

3rd and beyond adj

 
Note that distances below 100 meters are not considered in the calculation of required separation distances.
3.8 BWA fixed-outdoor TS interfering with 8m FSS ES

The following three figures show the minimum required distance in km between BWA fixed-outdoor TS and 8m FSS ES with 5º, 25º, and 50º elevation pointing direction, respectively. The TS antenna horizontal pointing direction is from 0º to 180º.
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Note that distances below 100 meters are not considered in the calculation of required separation distances.
3.9 BWA fixed-outdoor TS interfering with 1.2m FSS ES

The following three figures show the minimum required distance in km between BWA fixed-outdoor TS and 1.2m FSS ES with 5º, 25º, and 50º elevation pointing direction, respectively. The TS antenna horizontal pointing direction is from 0º to 180º.
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Note that distances below 100 meters are not considered in the calculation of required separation distances.
3.10 BWA fixed-indoor TS interfering with 32m FSS ES

The following figure shows the minimum required distance in km between BWA fixed-indoor TS and 32m FSS ES with 5º to 85º elevation pointing direction.
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Note that distances below 100 meters are not considered in the calculation of required separation distances.
3.11 BWA fixed-indoor TS interfering with 8m FSS ES

The following figure shows the minimum required distance in km between BWA fixed-indoor TS and 8m FSS ES with 5º to 85º elevation pointing direction.
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Note that distances below 100 meters are not considered in the calculation of required separation distances.
3.12 BWA fixed-indoor TS interfering with 1.2m FSS ES

The following figure shows the minimum required distance in km between BWA fixed-indoor TS and 1.2m FSS ES with 5º to 85º elevation pointing direction.
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Note that distances below 100 meters are not considered in the calculation of required separation distances.
4 Conclusions

Successful coexistence of BWA systems and FSS systems in the 3400 – 4200 MHz band depends on their channel allocations and their deployment scenarios, as well as on the propagation environments. The results in this study highlight the cases where they can coexist versus the cases that other measures need to be taken to facilitate coexistence. 
“BWA rural BS interfering with 32m FSS ES” For co-channel allocation the minimum required distance can be as large as 150 km when their antennas point to each other horizontally and the FSS ES antenna elevation angle is only 5º. This is the worst scenario in this study. The minimum required distance reduces, as the gap between their channel allocations becomes larger or as the FSS ES antenna elevation angle increases or as the BS antenna points away from the FSS ES. The minimum required distance can be as small as 4 km, when the BS antenna points 180º away from FSS ES and the FSS ES elevation angle is higher than 48º with 14 MHz channel allocation gap.

“BWA rural BS interfering with 8m FSS ES” For co-channel allocation the minimum required distance can be as large as 96 km when their antennas point to each other horizontally and the FSS ES antenna elevation angle is only 5º. The minimum required distance reduces, as the gap between their channel allocations becomes larger or as the FSS ES antenna elevation angle increases or as the BS antenna points away from the FSS ES. The minimum required distance can be as small as 500 m.
“BWA rural BS interfering with 1.2m FSS ES” For co-channel allocation the minimum required distance can be as large as 70 km when their antennas point to each other horizontally and the FSS ES antenna elevation angle is only 5º. The minimum required distance reduces, as the gap between their channel allocations becomes larger or as the FSS ES antenna elevation angle increases or as the BS antenna points away from the FSS ES. The minimum required distance can be as small as 300 m.
“BWA urban BS interfering with 32m FSS ES” For co-channel allocation the minimum required distance can be as large as 84 km when the FSS ES antenna elevation angle is only 5º. The minimum required distance reduces, as the gap between their channel allocations becomes larger or as the FSS ES antenna elevation angle increases. The minimum required distance can be as small as 2 km.

“BWA urban BS interfering with 8m FSS ES” For co-channel allocation the minimum required distance can be as large as 39 km when the FSS ES antenna elevation angle is only 5º. The minimum required distance reduces, as the gap between their channel allocations becomes larger or as the FSS ES antenna elevation angle increases. The minimum required distance can be less than 1 km for most cases and it can be even smaller than 100 m for many cases.

“BWA urban BS interfering with 1.2m FSS ES” The minimum required distance is 12 km when these two systems are deployed co-channel and when the FSS ES antenna elevation angle is only 5º. For most of the other cases the minimum required distance is less than 1 km and it can be even smaller than 100 m for many cases.

“BWA fixed-outdoor TS interfering with 32m FSS ES” For co-channel allocation the minimum required distance can be as large as 95 km when their antennas point to each other horizontally and the FSS ES antenna elevation angle is only 5º. The minimum required distance reduces, as the gap between their channel allocations becomes larger or as the FSS ES antenna elevation angle increases or as the BS antenna points away from the FSS ES. The minimum required distance can be less than100 m for some cases.

“BWA fixed-outdoor TS interfering with 8m FSS ES” For co-channel allocation the minimum required distance can be as large as 47 km when their antennas point to each other horizontally and the FSS ES antenna elevation angle is only 5º. The minimum required distance reduces, as the gap between their channel allocations becomes larger or as the FSS ES antenna elevation angle increases or as the BS antenna points away from the FSS ES. The minimum required distance can be less than 1km for most cases and it is less than 100 m for some cases.

“BWA fixed-outdoor TS interfering with 1.2m FSS ES” For co-channel allocation the minimum required distance can be as large as 18 km when their antennas point to each other horizontally and the FSS ES antenna elevation angle is only 5º. For most of the other cases, the minimum required distance can be less than 1km and it is less than 100 m for some cases.

“BWA fixed-indoor TS interfering with 32m FSS ES” For co-channel allocation the minimum required distance can be as large as 27 km when the FSS ES antenna elevation angle is only 5º. The minimum required distance reduces, as the gap between their channel allocations becomes larger or as the FSS ES antenna elevation angle increases. The minimum required distance can be less than 100 m for most cases.

“BWA fixed-indoor TS interfering with 8m FSS ES” For co-channel allocation the minimum required distance can be as large as 500 m when the FSS ES antenna elevation angle is very small. For most of the other cases the minimum required distance is less than 100 m.

“BWA fixed-indoor TS interfering with 1.2m FSS ES” The minimum required distance is 200 m when these two systems are deployed co-channel and when the FSS ES antenna elevation angle is only 5º or 6º. For all other cases the minimum required distance is less than 100 m.
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Annex A [from 4A/278-E Annex 5]

FSS and BWA system parameters

Table A-1

Representative FSS characteristics for use in BWA/FSS

Compatibility studies in the 3 400-4 200 MHz band

	FSS system parameters

	Frequency
	3 400-4 200 MHz

	Bandwidth 
	40 kHz-72 MHz 

	Earth station antenna radiation patterns 
	Appendix 8 of Radio Regulations 
Recommendation ITU-R S.465
Recommendation ITU-R BO.1213


	Antenna diameters (m)
	1.2, 1.8, 2.4, 3.0, 4.5, 8, 16, 32

	Noise temperature (including the contributions of the antenna, feed and LNA/LNB referred to the input of the LNA/LNB receiver)
	100 K for small antennas (1.2-3 m)
70 K for large antennas (4.5 m and above)

	Antenna elevation angle 
	5-85 degrees 

	Short-term and long-term max. permissible Interference level
	Recommendations ITU-R S.1432-1, ITU-R SF.558 and SF.1006


Table A-2
Representative BWA characteristics for use in BWA/FSS

Compatibility studies in the 3 400-4 200 MHz band – Base station parameters

	
	BWA BS

	
	Case 1
	Case 2
	Case 3

	Deployment scenario 
	Specific cellular deployment rural with expected nomadic BWA use
	Typical cellular deployment rural
	Typical cellular deployment urban

	
	System A
	System B
	System A
	System B
	System A
	System B

	TX peak output power (dBm)
	43
	43
	35
	35
	32
	32

	Channel bandwidth (MHz)
	7 (1)
	1.25
	7 (1)
	1.25
	7 (1)
	1.25

	Feeder loss (dB)
	3
	1
	3
	1
	3
	1

	Power control (dB)
	 >10
	TBD(2)
	 >10
	TBD(2)
	 >10
	TBD(2)

	Peak antenna gain (dBi)
	17
	17
	17
	17
	9
	9

	Antenna gain pattern
	Rec. ITU-R F.1336
	Rec. ITU-R F.1336
	Rec. ITU-R F.1336
	Rec. ITU-R F.1336
	Rec. ITU-R F.1336
	Rec. ITU-R F.1336

	Antenna 3 dB beamwidth (deg)
	60 and 90 (sectorized)
	60 and 90 (sectorized)
	60 and 90 (sectorized)
	60 and 90 (sectorized)
	Omni-directional
	60 and 90 (sectorized)

	Antenna downtilt (deg)(3)
	0-8
(1 deg)
	0-8
(1 deg)
	0-8
(2 deg)
	0-8
(2 deg)
	0-8
(4 deg)
	0-8
(4 deg)

	Antenna height a.g.l. (m)
	50
	50
	30
	30
	15
	15

	e.i.r.p. (dBm)
	57
	59
	49
	51
	38
	40

	Unwanted emissions(4)
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Polarization
	Linear
	Linear
	Linear
	Linear
	Linear
	Linear

	(1)
Typical bandwidths are 5, 7 and 10 MHz. For these studies, 7 MHz is assumed as a representative value.

(2)
Studies could begin without this information. The information will be provided at a later stage.

(3)
A range of values is indicated, recognizing that the value for each situation depends on the actual deployment scenario taking into account the topology of the terrain. In parentheses, a typical value is given for use in the compatibility studies.

(4)
Information on unwanted emissions is currently being prepared and will be provided to WP 5A as soon as available. Pending specific information from the responsible external organization, the mask in Attachment 1 to this Annex may be used on an interim basis.


Table A-3
Representative BWA characteristics for use in BWA/FSS 

Compatibility studies in the 3 400-4 200 MHz band – Terminal station parameters

	
	BWA TS

	
	Fixed-outdoor
	Fixed-indoor
	Nomadic
	Mobile

	
	System A
	System B
	System A
	System A
	System B
	System A
	System B

	TX peak output power (dBm) 
	26(1)
	26
	26(1)
	22(1)
	23
	20(1)
	23

	Channel bandwidth (MHz)
	7
	1.25
	7
	7
	1.25
	7
	1.25

	Feeder loss (dB) 
	1(2)
	1
	1(2)
	1(2)
	0
	1(2)
	0

	Power control (dB)
	0-45 
 (3)
	0-76
(18 dB)(4)
	0-45(3)
	0-45(3) 

	0-73
(16 dB) (4)
	0-45(3) 

	0-73
(16 dB) (4)

	Peak antenna gain (dBi)
	17
	17
	5
	5
	0
	0
	0

	Antenna gain pattern
	Rec. ITU-R F.1245
	Rec. ITU-R F.1245
	Omni
	Omni
	Omni
	Omni
	Omni

	Antenna 3 dB beamwidth (deg)
	24°
	24°
	n/a
	n/a
	n/a
	n/a
	n/a

	Antenna height a.g.l. (m)
	10
	10
	1.5
	1.5
	5
	1.5
	1.5

	e.i.r.p. (dBm)
	42
	42
	30
	26 
	23 
	19
	23

	Unwanted emissions
	See Att.2(5)
	TBD(6)
	See 
Att. 2(5)
	See Att. 2(5)
	TBD(6)
	See Att. 2(5)
	TBD(6)

	Number of 
co-channel TSs per BS
	10 users for uplink activity factor of 38% in a 5 ms frame(7)
	16 with 40% activity factor; 1 for fixed to fixed link communication with activity factor of 50% 
	10 users for uplink activity factor of 38% in a 5 ms frame(7)
	10 users for uplink activity factor of 38% in a 5 ms frame(7)
	16 with 40% activity factor
	10 users for uplink activity factor of 38% in a 5 ms frame(7)
	60 with 40% activity factor

	(1)
System A numbers for transmit peak output power are representative numbers, as this system covers a range of power classes. 

(2)
This value is the maximum feeder loss.

(3)
The 45 dB is based on the minimum dynamic range requirements.

(4)
A range of values is indicated, with a typical value given in parenthesis for use in the studies.

(5) 
The unwanted emission recommendation here is relevant to 3.4-3.8 GHz range.

(6)
Information on unwanted emissions is currently being prepared and will be provided to WP 5A as soon as available.

(7) 
Uplink activity factor for TDD mode is defined by the ratio of uplink subframe over the entire frame, that is uplink plus downlink subframes.


Annex B [from 4A/278-E Annex 5]

Spectrum masks for BWA base stations
The spectrum mask shown in this Annex is an extract of EN 302 326-2 (Clause 5.3.4.1 Transmitter spectrum density masks) and may be used on an interim basis until specific information is provided by external organizations. 
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Power spectrum reference points
	Breakpoint from figure
	P(0)
	
	P(1)
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	P(5)
	P(6)
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	0
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	0.71
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	0 dB
	
	0 dB
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Annex C [from 4A/278-E Annex 5]

Spectrum emission mask for terminal station equipment
operating in the band 3 400-3 800 MHz

Emission mask for 7 MHz channel bandwidth

The spectrum emission mask of the terminal station applies to frequency offsets between 3.5 MHz and 17.5 MHz on both sides of the terminal station centre carrier frequency. The out-of-channel emission is specified as power level measured over the specified measurement bandwidth relative to the total mean power of the terminal station carrier measured in the 7 MHz channel.

1)
The terminal station emission shall not exceed the levels specified in Table 1. Assuming specific power classes, relative requirements of Table 1 can be converted to absolute values for testing purposes. 

2)
In additions, for centre carrier frequencies within 3 650-3 700 MHz range, all emission levels shall not exceed –13 dBm/MHz.

Table 1
Spectrum emission mask requirement for 7 MHz channel bandwidth

	Frequency offset (f
	Minimum requirement
	Measurement bandwidth

	3.5 MHz to 4.75 MHz
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	30 kHz

	4.75 to 10.5 MHz
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	1 MHz

	10.5 to 11.9 MHz
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	1 MHz

	11.9 to 17.5 MHz
	–49.0 dBc
	1 MHz

	NOTE 1 – (f is the separation between the carrier frequency and the centre of the measuring filter.

NOTE 2 – The first measurement position with a 30 kHz filter is at (f equals to 3.515 MHz; 
the last is at (f equals to 4.735 MHz.

NOTE 3 – The first measurement position with a 1 MHz filter is at (f equals to 5.25 MHz; 
the last is at (f equals to 17 MHz. As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth can be different from the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

NOTE 4 – Note that equivalent PSD type mask can be derived by applying 10*log ((7 MHz)/
(30 kHz)) = 23.7 dB and 10*log((7 MHz)/(1 MHz))= 8.5 dB scaling factor for 30 kHz 
and 1 MHz measurement bandwidth respectively.


Annex D [from Table 1 of ITU-R SF.1006]

Value of parameters relating to equation in Section 2.1 of this contribution
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� 	http://yoohon2009.en.ec21.com/1.2m_C_Band_Satellite_Dish--3471286_3471433.html. 


� 	Sections 1.1 and 1.3 in Annex B of 4A/278-E (Annex 5). 


� 	Sections 1.1 and 1.3 in Annex B of 4A/278-E (Annex 5). 


� 	Sections 1.1 and 1.3 in Annex B of 4A/278-E (Annex 5). 


� 	Sections 1.1 and 1.3 in Annex B of 4A/278-E (Annex 5). 


� 	Recommendation ITU-R BO.1213 was used in some studies in Annex B, however it is recognized that antenna patterns with appropriate frequencies range applicability should be used for future studies. 


�	The break points in the mask are for primary equipment type of OFDMA (EqC-PET = O) and equivalent modulation order of 6 (EqC-EMO = 6) in EN 302 326-2.
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