March 2007

doc.: IEEE 802.22-06/0195r1

IEEE P802.22
Wireless RANs

	Interference-Based Bandwidth Constraints for Proposed IEEE 802.22 TG1 Transmitters

	Date:  2007-03-08

	Author(s):

	Name
	Company
	Address
	Phone
	email

	Stephen Kuffner
	Motorola
	Schaumburg, IL, USA
	+1-847-538-4158
	Stephen.Kuffner@ Motorola.com





IEEE 802.22 TG1 Interference Scenario

Figure 1 shows an interference scenario used to determine the maximum bandwidth for the TG1 beacon transmitter.  The analysis is based on the assumption that, due to the proximity of the beacon transmitter and the wireless microphone receiver, the path loss PL between the WRAN and the microphone deployment will be roughly the same except for an impairment Δ that can be due to a difference in antenna height and an impairment F↓ due to multipath down-fading (note the WRAN interference into the microphone receiver could also be faded; an upfade F↑ would be the worst case here).  If the PL is such that the WRAN can interfere with the wireless microphone receiver, then the beacon bandwidth as defined by the analysis should be sufficient to provide detection of the beacon signal.  If the PL is high enough that the WRAN will not interfere with the microphone receiver, then the fact that the beacon transmitter is not detectable is acceptable since there would be no harmful interference.
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Figure 1. WRAN interference scenario:  BS into wireless mike receiver.

WRAN Interference into Microphone Rx

The following equation describes the link between the WRAN transmission and the wireless microphone receiver:
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(1)

I / Nmax is the maximum tolerable interference to noise ratio at the microphone receiver.  For 1 dB sensitivity degradation, this would be -5.9 dB.  However, for 20 dB D/U at -95 dBm as requested by Shure in their FCC Comments, interference at ‑115 dBm corresponds to the noise power in a 200 kHz microphone receiver BW with 6 dB NF.  Thus, the I / N max is more like 0 dB, which would result in a 3 dB sensitivity degradation.  Both I / N assumptions will be considered in the following analysis.  Pw is nominally 4 W (including Tx antenna gain; if higher power WRAN transmitters are allowed, this number will of course increase), and Bw is ~5.6 MHz for the current (Draft 0.1) modulation definition (1680 used subcarriers) and 6 MHz channel bandwidth (US).  Gm,rx is the microphone rack receive antenna gain.  F ↑ is the multipath upfade of the WRAN signal into the microphone receiver, and a value of 6 dB will be assumed here.
Beacon Signal at WRAN Rx
The following equation describes the link between the beacon transmitter and the WRAN sensing receiver.
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(2)

Gw,sens is the WRAN sensing antenna gain and Gb,tx is the beacon transmitter antenna gain.  C / I min is the minimum required C/I at the WRAN receiver to demodulate the beacon signal to the desired packet error rate.  F↓ is the downfade margin; this will be absorbed into the required C / I min using packet error rate curves generated with a fading channel model.
Beacon Packet Error Rates

Beacon packet error rates of 1% and 10% will be considered in the analysis.  
C / I min for 1% PER

The required C/I to achieve 1% PER for the originally proposed DBPSK modulation was was about 10 dB Eb/No (= Es/No for DBPSK) for non-faded operation and 24 dB Es/No for multipath channel models A, B and C [1], assuming a 48-byte packet [2].  The proposed public key beacon header plus signature (plus CRCs) would be 76 bytes long.  The required Es/No for a 76-byte packet for 1% PER would be about 25.5 dB.  The additional Es/No required for DQPSK is assumed to be about 4.5 dB [3].  Thus, it is expected that a 30 dB Es/No would be required for a 76-byte beacon packet using DQPSK in channel models A, B and C.  This value will be used for the 1% PER C / I min in Eq. (2).  
C / I min for 10% PER

The required C/I to achieve 10% PER for a 76-byte packet using the same references as above would be about 18.8 dB (from DBPSK [2]) + 4.5 dB [3] = 23.3 dB.  This value will be used for the 10% PER C / I min in Eq. (2). 
Antenna Heights

The microphone receive antenna height (radiating center above ground level, RCAGL) will be fixed at 1.5 m, while the beacon transmit RCAGL will be either 1.5 m (e.g. rack mounted) or 10 m (on an extended electronic news gathering truck mast).  The difference in propagation due to clutter height (10 m assumed) needs to be considered.  Propagation model P.1546 Eq. (23b) will be used to compute the path loss difference Δ.  The WRAN to microphone receiver link experiences an additional attenuation of 

[3.2 + 6.2 log (f )] log (1.5/10)
(3)

which is -16.8 dB (Δ = +16.8 dB) for for UHF/600 MHz and -14.4 dB for VHF/200 MHz.  
Beacon Bandwidth Determination

Substituting Eq. (1) into Eq. (2), the beacon to WRAN bandwidth ratio can be related to the beacon to WRAN power ratio;
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(4)

RCAGLb = 10 m, 1% Beacon PER, I / N max = 0 dB
Substituting some parameter values into Eq. (4), assuming Pb = 250 mW for UHF, 50 mW for VHF
, Pw = 4 W, Bw = 5.6 MHz, Gb,tx = Gm,rx = 2.2 dBi (dipole), F ↑ = 6 dB, Gw,sens = 0 dBi, ΔUHF = 16.8 dB, ΔVHF = 14.4 dB, C/Imin = 30 dB and 3 dB desense of the microphone receiver (I / N max = 0 dB),
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(5)

This gives Bb < 4.21 kHz for the UHF WRAN BS to microphone deployment link, and Bb <  484 Hz for VHF.  Alternatively, the C / I min margin/shortfall can be calculated for the existing symbol rate of 9.609 kHz:
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(6)
For UHF, C / I min < 26.4 dB (a shortfall of 3.6 dB from the 30 dB for 1% PER) while for VHF, C / I min < 17.0 dB (a shortfall of 13 dB).  Again, this analysis assumes the WRAN power is spread uniformly over the 5.6 MHz modulation bandwidth.  For UHF, a link margin enhancement of 3.6 dB (e.g., a coding gain of 3.6 dB) at 1% PER could allow the use of the existing symbol rate.  

Proceeding similarly for the other combinations of parameters, the results are summarized in Table I and Table II .
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Table I. Symbol rates with link margins/shortfalls for WRAN BS detection of UHF TG1 beacons.  Note the (negative) shortfall values would be the required (positive) coding gains for the case of the existing 9609 Hz symbol rate.  Positive margins are shown in green, shortfalls in red.
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Table II. Symbol rates with link margins/shortfalls for WRAN BS detection of VHF TG1 beacons.  The last column shows the link margins if the VHF beacon was allowed 250 mW Tx power.

CPE Interference into a Microphone Rx
The interference from a WRAN BS into a microphone receiver is of concern when there is no other sensing node, such as a CPE, in the vicinity.  This could happen in a sparsely populated area or just an area where there are no WRAN subscribers (e.g. there is DSL or cable in a neighborhood that could otherwise be covered by WRAN operation).  In some propagation conditions the wireless microphone might be outside of the range of interference from a base station, but still within the interference range of the CPE’s emissions.  The CPE transmit EIRP is still assumed to be 4 W, but since the WRAN system is OFDMA, the CPE could be transmitting its full power over fewer subcarriers, presumably as little as a two subchannels, about 56 subcarriers.  This comes from the following analysis.  Assume a 5 bps/Hz spectral efficiency for 64-QAM rate 5/6, which corresponds to 16.74 kbps per subcarrier, or 8.37 kbps assuming 50% TDD.  The number of subcarriers required to achieve 384 kbps uplink is 46, so with pilots assume 56 subcarriers or two subchannels.  
Distributed Subcarriers

Thus the WRAN CPE could have 4 W distributed over 56 subcarriers or 71.4 mW/sc.
  Assuming the subcarriers are randomly distributed, the probability that a subcarrier will fall within the microphone receiver 200 kHz bandwidth is 200 kHz/5.6 MHz = 3.57%.  Assuming a binomial distribution of subcarriers falling into the microphone receiver BW, the expected number of subcarriers per microphone receiver BW is 56 x .0357 = 2, or 142.8 mW (21.5 dBm).  This is the same power per 200 kHz as for the WRAN BS (4W x 200 kHz/5.6 MHz = 142.8 mW), so this case should result in the same beacon symbol rates and link margins as for the BS (see Table I andTable II).  With this binomial distribution, there’s  95% confidence that there would be no more than four subcarriers per 200 kHz bandwidth (285.7 mW, 24.5 dBm).  The 3 dB higher interference power due to the extra two subcarriers would reduce the symbol rates or link margins by 3 dB.  
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Table III. UHF beacon symbol rates and link margins for 95% confidence with distributed CPE subcarriers.  The values for 50% confidence are the same as Table I.
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Table IV. VHF beacon symbol rates and link margins for 95% confidence with distributed CPE subcarriers.  The last column shows link margin if a 250 mW VHF beacon could be used.  The values for 50% confidence are the same as Table II.  Note no positive link margin is available here, even with the higher beacon transmit power.
Grouped or Contiguous Subcarriers

An even worse case to consider is the contiguous grouping of subcarriers, an optional mode in IEEE 802.22.  A related degradation could result if upstream subcarrier tiling is used, depending on the number of subcarriers per tile and whether the tiles are distributed across the TV channel.  For the contiguous grouping case, all 56 subcarriers of a subchannel could be grouped together, concentrating all 4 W into 187.5 kHz.  But see footnote 2, which could limit emissions over 67 subcarriers (200 kHz) to 1.6 W rather than 4 W if the 500 kHz minimum modulation bandwidth limit of Part 15.247(a)(2) was imposed in the TV whitespace.   
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(8)

This gives Bb < 376 Hz for UHF, and Bb < 43 Hz for VHF.  
Again, link margin shortfalls can be calculated.  See Table V and Table VI.  For the grouped subcarrier case, no positive link margin is available under the stated assumptions for UHF or VHF.
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Table V. UHF symbol rates with link margin shortfalls for WRAN CPE detection of TG1 beacons using contiguous subcarriers.  Note no positive link margin condition is available here.
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Table VI. VHF symbol rates with link margin shortfalls for WRAN CPE detection of TG1 beacons using contiguous subcarriers.  The last column shows the link margins possible if 250 mW beacon transmit power is used.

Conclusion

An analysis has been performed to determine the maximum allowed beacon transmit bandwidth assuming that the beacon only has to be detectable if the microphone receiver is experiencing harmful interference.  An alternative perspective was to determine the amount of link margin/shortfall given the existing symbol rate of 9.609 kHz.  The analysis considered two conditions each for beacon antenna RCAGL (1.5 m and 10 m), beacon PER (1% and 10%), and microphone receiver desense (1 dB and 3 dB) for a total of 8 combinations per band (24 total considering two bands plus the proposed higher power VHF condition).  The analysis is pessimistic in that it considers the beacon signal to be down-faded while the interfering signal from the WRAN into the microphone receiver is assumed to be up-faded.
The only combination that consistently satisfied the link margin at UHF was for the conditions of 10 m beacon RCAGL, 10% beacon PER, and 3 dB microphone desense, but this still fell short over 7 dB in the grouped subcarrier CPE interference scenario.  VHF was unable to satisfy a positive link margin in the CPE interference scenarios.  Note that a link deficit can be recovered using combinations of link enhancements, such as sensing antennas with gain (i.e. the communications antenna), using diversity techniques, or using error control coding.  In no case was the 1.5 m beacon RCAGL able to satisfy the link margin.
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Abstract


This analysis determines the maximum allowed beacon bandwidth under the assumption that the beacon needs to be detected only if the low power licensed system is experiencing interference from the WRAN.  The maximum allowed bandwidth is calculated for interference from WRAN BS and CPEs with certain antenna height, fading, and EIRP assumptions. 
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� It is assumed that a regulatory exception will be required for the beacon for VHF since presently a transmit power of only 50 mW is allowed.  This is a further 7dB disadvantage compared to the UHF beacons, while the WRANs are allowed the same transmit power in both UHF and VHF.  Nonetheless the numbers will be determined for VHF with 50 mW.


� Note that the 71.4 mW/sc value used here would exceed the Part 15.247(e) unlicensed EIRP spectral density limit of 25 mW/3 kHz by a factor of 2.5x.  This rule has not yet been applied to the TV whitespace.  With this rule, 4 W could be concentrated in a bandwidth of 480 kHz minimum, but Part 15.247(a)(2) specifies that the minimum 6 dB bandwidth for digital modulations should be at least 500 kHz.  It’s unclear how the modulation bandwidth of OFDMA is defined, so the per 3 kHz density may for distributed subcarriers.
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		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		For WRAN BS or CPE with 50% confidence and distributed subcarriers		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		link margin at 9.609 kHz (dB)

		10		1		3		4208		-3.6				10		1		3		484		-13.0		-6.0

		10		1		1		1082		-9.5				10		1		1		124		-18.9		-11.9

		10		10		3		19682		3.1				10		10		3		2265		-6.3		0.7

		10		10		1		5059		-2.8				10		10		1		582		-12.2		-5.2

		1.5		1		3		88		-20.4				1.5		1		3		18		-27.4		-20.4

		1.5		1		1		23		-26.3				1.5		1		1		5		-33.3		-26.3

		1.5		10		3		411		-13.7				1.5		10		3		82		-20.7		-13.7

		1.5		10		1		106		-19.6				1.5		10		1		21		-26.6		-19.6

		UHF (250 mW Beacon Ptx)												VHF (50 mW Beacon Ptx)										250 mW Ptx

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		For CPE with distributed subcarriers and 95% confidence		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		link margin at 9.609 kHz (dB)

		10		1		3		2104		-6.6				10		1		3		242		-16.0		-9.0

		10		1		1		541		-12.5				10		1		1		62		-21.9		-14.9

		10		10		3		9841		0.1				10		10		3		1133		-9.3		-2.3

		10		10		1		2530		-5.8				10		10		1		291		-15.2		-8.2

		1.5		1		3		44		-23.4				1.5		1		3		9		-30.4		-23.4

		1.5		1		1		11		-29.3				1.5		1		1		2		-36.3		-29.3

		1.5		10		3		206		-16.7				1.5		10		3		41		-23.7		-16.7

		1.5		10		1		53		-22.6				1.5		10		1		11		-29.6		-22.6

		UHF (250 mW beacon Tx)										For grouped subcarriers assuming 1.6W/200 kHz for a CPE		VHF (50 mW beacon Tx)										250 mW

		Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		16.8		30		0		376		-14.1				14.4		30		0		43		-23.5		-16.5

		16.8		30		-5.9		97		-20.0				14.4		30		-5.9		11		-29.4		-22.4

		16.8		23.3		0		1757		-7.4				14.4		23.3		0		202		-16.8		-9.8

		16.8		23.3		-5.9		452		-13.3				14.4		23.3		-5.9		52		-22.7		-15.7

		0		30		0		8		-30.9				0		30		0		2		-37.9		-30.9

		0		30		-5.9		2		-36.8				0		30		-5.9		0		-43.8		-36.8

		0		23.3		0		37		-24.2				0		23.3		0		7		-31.2		-24.2

		0		23.3		-5.9		9		-30.1				0		23.3		-5.9		2		-37.1		-30.1

		UHF (250 mW beacon Tx)												VHF (50 mW beacon Tx)										250 mW

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		10		1		3		376		-14.1				10		1		3		43		-23.5		-16.5

		10		1		1		97		-20.0				10		1		1		11		-29.4		-22.4

		10		10		3		1757		-7.4				10		10		3		202		-16.8		-9.8

		10		10		1		452		-13.3				10		10		1		52		-22.7		-15.7

		1.5		1		3		8		-30.9				1.5		1		3		2		-37.9		-30.9

		1.5		1		1		2		-36.8				1.5		1		1		0		-43.8		-36.8

		1.5		10		3		37		-24.2				1.5		10		3		7		-31.2		-24.2

		1.5		10		1		9		-30.1				1.5		10		1		2		-37.1		-30.1
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		UHF (250 mW beacon Tx)												VHF (50 mW beacon Tx)										250 mW

		Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		16.8		30		0		4208		-3.6				14.4		30		0		484		-13.0		-6.0

		16.8		30		-5.9		1082		-9.5				14.4		30		-5.9		124		-18.9		-11.9

		16.8		23.3		0		19682		3.1				14.4		23.3		0		2265		-6.3		0.7

		16.8		23.3		-5.9		5059		-2.8				14.4		23.3		-5.9		582		-12.2		-5.2

		0		30		0		88		-20.4				0		30		0		18		-27.4		-20.4

		0		30		-5.9		23		-26.3				0		30		-5.9		5		-33.3		-26.3

		0		23.3		0		411		-13.7				0		23.3		0		82		-20.7		-13.7

		0		23.3		-5.9		106		-19.6				0		23.3		-5.9		21		-26.6		-19.6

		UHF (250 mW Beacon Ptx)												VHF (50 mW Beacon Ptx)										250 mW Ptx

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		For WRAN BS or CPE with 50% confidence and distributed subcarriers		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		link margin at 9.609 kHz (dB)

		10		1		3		4208		-3.6				10		1		3		484		-13.0		-6.0

		10		1		1		1082		-9.5				10		1		1		124		-18.9		-11.9

		10		10		3		19682		3.1				10		10		3		2265		-6.3		0.7

		10		10		1		5059		-2.8				10		10		1		582		-12.2		-5.2

		1.5		1		3		88		-20.4				1.5		1		3		18		-27.4		-20.4

		1.5		1		1		23		-26.3				1.5		1		1		5		-33.3		-26.3

		1.5		10		3		411		-13.7				1.5		10		3		82		-20.7		-13.7

		1.5		10		1		106		-19.6				1.5		10		1		21		-26.6		-19.6

		UHF (250 mW Beacon Ptx)												VHF (50 mW Beacon Ptx)										250 mW Ptx

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		For CPE with distributed subcarriers and 95% confidence		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		link margin at 9.609 kHz (dB)

		10		1		3		2104		-6.6				10		1		3		242		-16.0		-9.0

		10		1		1		541		-12.5				10		1		1		62		-21.9		-14.9

		10		10		3		9841		0.1				10		10		3		1133		-9.3		-2.3

		10		10		1		2530		-5.8				10		10		1		291		-15.2		-8.2

		1.5		1		3		44		-23.4				1.5		1		3		9		-30.4		-23.4

		1.5		1		1		11		-29.3				1.5		1		1		2		-36.3		-29.3

		1.5		10		3		206		-16.7				1.5		10		3		41		-23.7		-16.7

		1.5		10		1		53		-22.6				1.5		10		1		11		-29.6		-22.6

		UHF (250 mW beacon Tx)										For grouped subcarriers assuming 1.6W/200 kHz for a CPE		VHF (50 mW beacon Tx)										250 mW

		Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		16.8		30		0		376		-14.1				14.4		30		0		43		-23.5		-16.5

		16.8		30		-5.9		97		-20.0				14.4		30		-5.9		11		-29.4		-22.4

		16.8		23.3		0		1757		-7.4				14.4		23.3		0		202		-16.8		-9.8

		16.8		23.3		-5.9		452		-13.3				14.4		23.3		-5.9		52		-22.7		-15.7

		0		30		0		8		-30.9				0		30		0		2		-37.9		-30.9

		0		30		-5.9		2		-36.8				0		30		-5.9		0		-43.8		-36.8

		0		23.3		0		37		-24.2				0		23.3		0		7		-31.2		-24.2

		0		23.3		-5.9		9		-30.1				0		23.3		-5.9		2		-37.1		-30.1

		UHF (250 mW beacon Tx)												VHF (50 mW beacon Tx)										250 mW

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		10		1		3		376		-14.1				10		1		3		43		-23.5		-16.5

		10		1		1		97		-20.0				10		1		1		11		-29.4		-22.4

		10		10		3		1757		-7.4				10		10		3		202		-16.8		-9.8

		10		10		1		452		-13.3				10		10		1		52		-22.7		-15.7

		1.5		1		3		8		-30.9				1.5		1		3		2		-37.9		-30.9

		1.5		1		1		2		-36.8				1.5		1		1		0		-43.8		-36.8

		1.5		10		3		37		-24.2				1.5		10		3		7		-31.2		-24.2

		1.5		10		1		9		-30.1				1.5		10		1		2		-37.1		-30.1
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		UHF (250 mW beacon Tx)												VHF (50 mW beacon Tx)										250 mW

		Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		16.8		30		0		4208		-3.6				14.4		30		0		484		-13.0		-6.0

		16.8		30		-5.9		1082		-9.5				14.4		30		-5.9		124		-18.9		-11.9

		16.8		23.3		0		19682		3.1				14.4		23.3		0		2265		-6.3		0.7

		16.8		23.3		-5.9		5059		-2.8				14.4		23.3		-5.9		582		-12.2		-5.2

		0		30		0		88		-20.4				0		30		0		18		-27.4		-20.4

		0		30		-5.9		23		-26.3				0		30		-5.9		5		-33.3		-26.3

		0		23.3		0		411		-13.7				0		23.3		0		82		-20.7		-13.7

		0		23.3		-5.9		106		-19.6				0		23.3		-5.9		21		-26.6		-19.6

		UHF (250 mW Beacon Ptx)												VHF (50 mW Beacon Ptx)										250 mW Ptx

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		For WRAN BS or CPE with 50% confidence and distributed subcarriers		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		link margin at 9.609 kHz (dB)

		10		1		3		4208		-3.6				10		1		3		484		-13.0		-6.0

		10		1		1		1082		-9.5				10		1		1		124		-18.9		-11.9

		10		10		3		19682		3.1				10		10		3		2265		-6.3		0.7

		10		10		1		5059		-2.8				10		10		1		582		-12.2		-5.2

		1.5		1		3		88		-20.4				1.5		1		3		18		-27.4		-20.4

		1.5		1		1		23		-26.3				1.5		1		1		5		-33.3		-26.3

		1.5		10		3		411		-13.7				1.5		10		3		82		-20.7		-13.7

		1.5		10		1		106		-19.6				1.5		10		1		21		-26.6		-19.6

		UHF (250 mW Beacon Ptx)												VHF (50 mW Beacon Ptx)										250 mW Ptx

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		For CPE with distributed subcarriers and 95% confidence		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		link margin at 9.609 kHz (dB)

		10		1		3		2104		-6.6				10		1		3		242		-16.0		-9.0

		10		1		1		541		-12.5				10		1		1		62		-21.9		-14.9

		10		10		3		9841		0.1				10		10		3		1133		-9.3		-2.3

		10		10		1		2530		-5.8				10		10		1		291		-15.2		-8.2

		1.5		1		3		44		-23.4				1.5		1		3		9		-30.4		-23.4

		1.5		1		1		11		-29.3				1.5		1		1		2		-36.3		-29.3

		1.5		10		3		206		-16.7				1.5		10		3		41		-23.7		-16.7

		1.5		10		1		53		-22.6				1.5		10		1		11		-29.6		-22.6

		UHF (250 mW beacon Tx)										For grouped subcarriers assuming 1.6W/200 kHz for a CPE		VHF (50 mW beacon Tx)										250 mW

		Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		16.8		30		0		376		-14.1				14.4		30		0		43		-23.5		-16.5

		16.8		30		-5.9		97		-20.0				14.4		30		-5.9		11		-29.4		-22.4

		16.8		23.3		0		1757		-7.4				14.4		23.3		0		202		-16.8		-9.8

		16.8		23.3		-5.9		452		-13.3				14.4		23.3		-5.9		52		-22.7		-15.7

		0		30		0		8		-30.9				0		30		0		2		-37.9		-30.9

		0		30		-5.9		2		-36.8				0		30		-5.9		0		-43.8		-36.8

		0		23.3		0		37		-24.2				0		23.3		0		7		-31.2		-24.2

		0		23.3		-5.9		9		-30.1				0		23.3		-5.9		2		-37.1		-30.1

		UHF (250 mW beacon Tx)												VHF (50 mW beacon Tx)										250 mW

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		10		1		3		376		-14.1				10		1		3		43		-23.5		-16.5

		10		1		1		97		-20.0				10		1		1		11		-29.4		-22.4

		10		10		3		1757		-7.4				10		10		3		202		-16.8		-9.8

		10		10		1		452		-13.3				10		10		1		52		-22.7		-15.7

		1.5		1		3		8		-30.9				1.5		1		3		2		-37.9		-30.9

		1.5		1		1		2		-36.8				1.5		1		1		0		-43.8		-36.8

		1.5		10		3		37		-24.2				1.5		10		3		7		-31.2		-24.2

		1.5		10		1		9		-30.1				1.5		10		1		2		-37.1		-30.1
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		UHF (250 mW beacon Tx)												VHF (50 mW beacon Tx)										250 mW

		Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		16.8		30		0		4208		-3.6				14.4		30		0		484		-13.0		-6.0

		16.8		30		-5.9		1082		-9.5				14.4		30		-5.9		124		-18.9		-11.9

		16.8		23.3		0		19682		3.1				14.4		23.3		0		2265		-6.3		0.7

		16.8		23.3		-5.9		5059		-2.8				14.4		23.3		-5.9		582		-12.2		-5.2

		0		30		0		88		-20.4				0		30		0		18		-27.4		-20.4

		0		30		-5.9		23		-26.3				0		30		-5.9		5		-33.3		-26.3

		0		23.3		0		411		-13.7				0		23.3		0		82		-20.7		-13.7

		0		23.3		-5.9		106		-19.6				0		23.3		-5.9		21		-26.6		-19.6

		UHF (250 mW Beacon Ptx)												VHF (50 mW Beacon Ptx)										250 mW Ptx

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		For WRAN BS or CPE with 50% confidence and distributed subcarriers		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		link margin at 9.609 kHz (dB)

		10		1		3		4208		-3.6				10		1		3		484		-13.0		-6.0

		10		1		1		1082		-9.5				10		1		1		124		-18.9		-11.9

		10		10		3		19682		3.1				10		10		3		2265		-6.3		0.7

		10		10		1		5059		-2.8				10		10		1		582		-12.2		-5.2

		1.5		1		3		88		-20.4				1.5		1		3		18		-27.4		-20.4

		1.5		1		1		23		-26.3				1.5		1		1		5		-33.3		-26.3

		1.5		10		3		411		-13.7				1.5		10		3		82		-20.7		-13.7

		1.5		10		1		106		-19.6				1.5		10		1		21		-26.6		-19.6

		UHF (250 mW Beacon Ptx)												VHF (50 mW Beacon Ptx)										250 mW Ptx

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		For CPE with distributed subcarriers and 95% confidence		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		link margin at 9.609 kHz (dB)

		10		1		3		2104		-6.6				10		1		3		242		-16.0		-9.0

		10		1		1		541		-12.5				10		1		1		62		-21.9		-14.9

		10		10		3		9841		0.1				10		10		3		1133		-9.3		-2.3

		10		10		1		2530		-5.8				10		10		1		291		-15.2		-8.2

		1.5		1		3		44		-23.4				1.5		1		3		9		-30.4		-23.4

		1.5		1		1		11		-29.3				1.5		1		1		2		-36.3		-29.3

		1.5		10		3		206		-16.7				1.5		10		3		41		-23.7		-16.7

		1.5		10		1		53		-22.6				1.5		10		1		11		-29.6		-22.6

		UHF (250 mW beacon Tx)										For grouped subcarriers assuming 1.6W/200 kHz for a CPE		VHF (50 mW beacon Tx)										250 mW

		Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		16.8		30		0		376		-14.1				14.4		30		0		43		-23.5		-16.5

		16.8		30		-5.9		97		-20.0				14.4		30		-5.9		11		-29.4		-22.4

		16.8		23.3		0		1757		-7.4				14.4		23.3		0		202		-16.8		-9.8

		16.8		23.3		-5.9		452		-13.3				14.4		23.3		-5.9		52		-22.7		-15.7

		0		30		0		8		-30.9				0		30		0		2		-37.9		-30.9

		0		30		-5.9		2		-36.8				0		30		-5.9		0		-43.8		-36.8

		0		23.3		0		37		-24.2				0		23.3		0		7		-31.2		-24.2

		0		23.3		-5.9		9		-30.1				0		23.3		-5.9		2		-37.1		-30.1

		UHF (250 mW beacon Tx)												VHF (50 mW beacon Tx)										250 mW

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		10		1		3		376		-14.1				10		1		3		43		-23.5		-16.5

		10		1		1		97		-20.0				10		1		1		11		-29.4		-22.4

		10		10		3		1757		-7.4				10		10		3		202		-16.8		-9.8

		10		10		1		452		-13.3				10		10		1		52		-22.7		-15.7

		1.5		1		3		8		-30.9				1.5		1		3		2		-37.9		-30.9

		1.5		1		1		2		-36.8				1.5		1		1		0		-43.8		-36.8

		1.5		10		3		37		-24.2				1.5		10		3		7		-31.2		-24.2

		1.5		10		1		9		-30.1				1.5		10		1		2		-37.1		-30.1
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		UHF (250 mW beacon Tx)												VHF (50 mW beacon Tx)										250 mW

		Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		16.8		30		0		4208		-3.6				14.4		30		0		484		-13.0		-6.0

		16.8		30		-5.9		1082		-9.5				14.4		30		-5.9		124		-18.9		-11.9

		16.8		23.3		0		19682		3.1				14.4		23.3		0		2265		-6.3		0.7

		16.8		23.3		-5.9		5059		-2.8				14.4		23.3		-5.9		582		-12.2		-5.2

		0		30		0		88		-20.4				0		30		0		18		-27.4		-20.4

		0		30		-5.9		23		-26.3				0		30		-5.9		5		-33.3		-26.3

		0		23.3		0		411		-13.7				0		23.3		0		82		-20.7		-13.7

		0		23.3		-5.9		106		-19.6				0		23.3		-5.9		21		-26.6		-19.6

		UHF (250 mW Beacon Ptx)												VHF (50 mW Beacon Ptx)										250 mW Ptx

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		For WRAN BS or CPE with 50% confidence and distributed subcarriers		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		link margin at 9.609 kHz (dB)

		10		1		3		4208		-3.6				10		1		3		484		-13.0		-6.0

		10		1		1		1082		-9.5				10		1		1		124		-18.9		-11.9

		10		10		3		19682		3.1				10		10		3		2265		-6.3		0.7

		10		10		1		5059		-2.8				10		10		1		582		-12.2		-5.2

		1.5		1		3		88		-20.4				1.5		1		3		18		-27.4		-20.4

		1.5		1		1		23		-26.3				1.5		1		1		5		-33.3		-26.3

		1.5		10		3		411		-13.7				1.5		10		3		82		-20.7		-13.7

		1.5		10		1		106		-19.6				1.5		10		1		21		-26.6		-19.6

		UHF (250 mW Beacon Ptx)												VHF (50 mW Beacon Ptx)										250 mW Ptx

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		For CPE with distributed subcarriers and 95% confidence		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		link margin at 9.609 kHz (dB)

		10		1		3		2104		-6.6				10		1		3		242		-16.0		-9.0

		10		1		1		541		-12.5				10		1		1		62		-21.9		-14.9

		10		10		3		9841		0.1				10		10		3		1133		-9.3		-2.3

		10		10		1		2530		-5.8				10		10		1		291		-15.2		-8.2

		1.5		1		3		44		-23.4				1.5		1		3		9		-30.4		-23.4

		1.5		1		1		11		-29.3				1.5		1		1		2		-36.3		-29.3

		1.5		10		3		206		-16.7				1.5		10		3		41		-23.7		-16.7

		1.5		10		1		53		-22.6				1.5		10		1		11		-29.6		-22.6

		UHF (250 mW beacon Tx)										For grouped subcarriers assuming 1.6W/200 kHz for a CPE		VHF (50 mW beacon Tx)										250 mW

		Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		16.8		30		0		376		-14.1				14.4		30		0		43		-23.5		-16.5

		16.8		30		-5.9		97		-20.0				14.4		30		-5.9		11		-29.4		-22.4

		16.8		23.3		0		1757		-7.4				14.4		23.3		0		202		-16.8		-9.8

		16.8		23.3		-5.9		452		-13.3				14.4		23.3		-5.9		52		-22.7		-15.7

		0		30		0		8		-30.9				0		30		0		2		-37.9		-30.9

		0		30		-5.9		2		-36.8				0		30		-5.9		0		-43.8		-36.8

		0		23.3		0		37		-24.2				0		23.3		0		7		-31.2		-24.2

		0		23.3		-5.9		9		-30.1				0		23.3		-5.9		2		-37.1		-30.1

		UHF (250 mW beacon Tx)												VHF (50 mW beacon Tx)										250 mW

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		10		1		3		376		-14.1				10		1		3		43		-23.5		-16.5

		10		1		1		97		-20.0				10		1		1		11		-29.4		-22.4

		10		10		3		1757		-7.4				10		10		3		202		-16.8		-9.8

		10		10		1		452		-13.3				10		10		1		52		-22.7		-15.7

		1.5		1		3		8		-30.9				1.5		1		3		2		-37.9		-30.9

		1.5		1		1		2		-36.8				1.5		1		1		0		-43.8		-36.8

		1.5		10		3		37		-24.2				1.5		10		3		7		-31.2		-24.2

		1.5		10		1		9		-30.1				1.5		10		1		2		-37.1		-30.1
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		UHF (250 mW beacon Tx)												VHF (50 mW beacon Tx)										250 mW

		Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		16.8		30		0		4208		-3.6				14.4		30		0		484		-13.0		-6.0

		16.8		30		-5.9		1082		-9.5				14.4		30		-5.9		124		-18.9		-11.9

		16.8		23.3		0		19682		3.1				14.4		23.3		0		2265		-6.3		0.7

		16.8		23.3		-5.9		5059		-2.8				14.4		23.3		-5.9		582		-12.2		-5.2

		0		30		0		88		-20.4				0		30		0		18		-27.4		-20.4

		0		30		-5.9		23		-26.3				0		30		-5.9		5		-33.3		-26.3

		0		23.3		0		411		-13.7				0		23.3		0		82		-20.7		-13.7

		0		23.3		-5.9		106		-19.6				0		23.3		-5.9		21		-26.6		-19.6

		UHF (250 mW Beacon Ptx)												VHF (50 mW Beacon Ptx)										250 mW Ptx

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		For WRAN BS or CPE with 50% confidence and distributed subcarriers		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		link margin at 9.609 kHz (dB)

		10		1		3		4208		-3.6				10		1		3		484		-13.0		-6.0

		10		1		1		1082		-9.5				10		1		1		124		-18.9		-11.9

		10		10		3		19682		3.1				10		10		3		2265		-6.3		0.7

		10		10		1		5059		-2.8				10		10		1		582		-12.2		-5.2

		1.5		1		3		88		-20.4				1.5		1		3		18		-27.4		-20.4

		1.5		1		1		23		-26.3				1.5		1		1		5		-33.3		-26.3

		1.5		10		3		411		-13.7				1.5		10		3		82		-20.7		-13.7

		1.5		10		1		106		-19.6				1.5		10		1		21		-26.6		-19.6

		UHF (250 mW Beacon Ptx)												VHF (50 mW Beacon Ptx)										250 mW Ptx

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		For CPE with distributed subcarriers and 95% confidence		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 Hz   (dB)		link margin at 9.609 kHz (dB)

		10		1		3		2104		-6.6				10		1		3		242		-16.0		-9.0

		10		1		1		541		-12.5				10		1		1		62		-21.9		-14.9

		10		10		3		9841		0.1				10		10		3		1133		-9.3		-2.3

		10		10		1		2530		-5.8				10		10		1		291		-15.2		-8.2

		1.5		1		3		44		-23.4				1.5		1		3		9		-30.4		-23.4

		1.5		1		1		11		-29.3				1.5		1		1		2		-36.3		-29.3

		1.5		10		3		206		-16.7				1.5		10		3		41		-23.7		-16.7

		1.5		10		1		53		-22.6				1.5		10		1		11		-29.6		-22.6

		UHF (250 mW beacon Tx)										For grouped subcarriers assuming 1.6W/200 kHz for a CPE		VHF (50 mW beacon Tx)										250 mW

		Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Delta H (dB)		C/I min (PER = 1%/10%)		I/N max (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		16.8		30		0		376		-14.1				14.4		30		0		43		-23.5		-16.5

		16.8		30		-5.9		97		-20.0				14.4		30		-5.9		11		-29.4		-22.4

		16.8		23.3		0		1757		-7.4				14.4		23.3		0		202		-16.8		-9.8

		16.8		23.3		-5.9		452		-13.3				14.4		23.3		-5.9		52		-22.7		-15.7

		0		30		0		8		-30.9				0		30		0		2		-37.9		-30.9

		0		30		-5.9		2		-36.8				0		30		-5.9		0		-43.8		-36.8

		0		23.3		0		37		-24.2				0		23.3		0		7		-31.2		-24.2

		0		23.3		-5.9		9		-30.1				0		23.3		-5.9		2		-37.1		-30.1

		UHF (250 mW beacon Tx)												VHF (50 mW beacon Tx)										250 mW

		Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)				Beacon RCAGL (m)		Beacon PER (%)		Mike Desense (dB)		Bb (Hz)		link margin at 9.609 kHz (dB)		link margin at 9.609 kHz (dB)

		10		1		3		376		-14.1				10		1		3		43		-23.5		-16.5

		10		1		1		97		-20.0				10		1		1		11		-29.4		-22.4

		10		10		3		1757		-7.4				10		10		3		202		-16.8		-9.8

		10		10		1		452		-13.3				10		10		1		52		-22.7		-15.7

		1.5		1		3		8		-30.9				1.5		1		3		2		-37.9		-30.9

		1.5		1		1		2		-36.8				1.5		1		1		0		-43.8		-36.8

		1.5		10		3		37		-24.2				1.5		10		3		7		-31.2		-24.2

		1.5		10		1		9		-30.1				1.5		10		1		2		-37.1		-30.1
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