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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 a difference Δ.  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 is 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 is -5.9 dB.  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.  The corresponding bandwidth for Europe is ~ 7.5 MHz.  Gm,Rx is the microphone rack receive antenna gain.
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.  

The required packet error rate has not yet been determined, but reasonable assumptions can be made.  For a packet error rate of 10%, assuming ~400 bits/packet, the required bit error probability Pbe is 


0.1 = 1 – (1 – Pbe)400  → Pbe = 2.6 x 10‑4,
(3)

while for a packet error rate of 1%, 


0.01 = 1 – (1 – Pbe)400  → Pbe = 2.5 x 10‑5.
(4)

Conservatively assume that a 1% packet error rate is tolerable.  The required C/I to achieve this BER for different robust modulation schemes is:

	Modulation
	Eb/No (dB)

	BPSK
	9.15

	DBPSK
	9.96

	BFSK
	12.16

	NC*-BFSK
	12.97


* - “NC” indicates “non-coherent”
DBPSK may provide the best complexity/performance tradeoff and requires approximately 10 dB Eb/No.  Note that DBPSK should be demodulatable using delay/multiply techniques, which may already be present in the WRAN receiver for feature detection.  

The microphone receive antenna height and beacon transmit antenna height are assumed to be 2 m and 10 m, respectively.  The difference in propagation due to clutter height (10 m assumed) needs to be considered.  Using P.1546 Eq. (23b) for rural and open environments, the WRAN to microphone receiver link experiences an additional attenuation of [3.2 + 6.2 log (f)] log (2/10) = -14.3 dB (Δ = +14.3 dB) for UHF/600 MHz and -12.2 dB for VHF/200 MHz.  Substituting Eq. (1) into Eq. (2);
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(5)

Plugging in some parameter values, assuming Pb = 250 mW for UHF, 50 mW for VHF/ETSI, Pw = 4 W, Bw = 5.6 MHz US/7.5 MHz for ETSI, Gb,tx = Gm,rx = 2.2 dBi (dipole), Gw,sens = 0 dBi, ΔUHF = 14.3 dB, ΔVHF = 12.2 dB, and 1 dB desense,
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(6)

This gives Bb < 242.1 kHz for the UHF WRAN BS to microphone deployment link, and Bb < 29.9 kHz for VHF and <40 kHz for ETSI.  Note that a higher power WRAN BS Pb value of e.g. 50 W would result in a Bb < 19.4 kHz for UHF and < 2.39 kHz for VHF, <3.2 kHz for ETSI.  It is possible that adaptive transmit antenna techniques at the BS could result in even locally higher power densities, which could further reduce this bandwidth.  However, the likelihood of the paths properly reconstructing at the microphone receiver would be small.

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 less bandwidth, presumably as little as a single subchannel, about 1/32 of the bandwidth, so the power density could be about 15 dB higher.  It is further assumed that this bandwidth is contiguous.
If the interference is due to CPE backlobe emissions, this 15 dB higher transmit power density can be assumed to be roughly compensated by ~15 dB front-to-back isolation for a directional antenna as would be anticipated in fringe coverage areas near the WRAN contour.  The CPE sensing antenna is presumed be omni.  Under these assumptions, the result of the beacon bandwidth calculation should be about the same for the CPE and the BS.

However, if the interference is due to mainlobe emission of the CPE, then the higher power spectral density could be a problem.  Eq. (6) is used again here, but now instead of having 4 W over 5.6 MHz, there is 4 W over less than 200 kHz (actually around 180 kHz, but 200 kHz is used for the calculation).  This yields a value of Bb < 8.65 kHz for UHF and < 1.07 kHz for VHF.  For Europe, a single subchannel is about 250 kHz, so only 3.2 W would fall within the microphone receiver BW, resulting in Bb < 1.33 kHz.  The UHF value is tolerable, with bit durations on the order of 115 µs.  A 400-bit message would take about 45 ms to transmit.  However, the VHF and ETSI values are too narrow, with the VHF 400-bit message requiring as much as 375 ms.  For this reason, Motorola proposes that CPEs should be limited to less than 4 W per contiguous 200 kHz.  In particular, to achieve the same 8.65 kHz value for both VHF and UHF, Motorola proposes that CPE emissions be limited to less than 500 mW per contiguous 200 kHz.  Note that this does not mean that a CPE cannot use 4 W EIRP; it just means that CPE subcarriers should be distributed in such a way that the power spectral density using 200 kHz resolution is respected.  
Nominal Interference Ranges

Using ITU-R P.1546 Figure 9 (600 MHz, 50% location, 50% time, terrestrial) and h1 = 10 m (the CPE transmitter height), the nominal E-field that corresponds to the interference level needs to be determined.  The interference power for 1 dB desense has to be at


-174 dBm/Hz + 10 log 200 kHz + 7 dBNF – 5.9 dBI/N = -119.9 dBm.
(7)

This interference power is 1.02 fW, which corresponds to an E-field strength of
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3.43 μV/m ,
(8)

or 10.7 dBu, again assuming dipole gain for the microphone receive antenna.  This 10.7 dBu is at the 2 m microphone receiver height.  The P.1546 curves assume a 10 m height, so the UHF E-field at 10 m can be the 14.3 dB higher value calculated earlier, giving 25 dBu.  Assuming the CPE has 4 W emissions within the 200 kHz bandwidth, the pair of 36 dBm EIRP and 25 dBu corresponds to the normalized curve values of 1 kW ERP (or 1.64 kW EIRP = 62.15 dBm) and (62.15 – 36) + 25 = 51.15 dBu E-field strength.  Interpolating, this occurs at around 8.6 km range.  Thus, ignoring any lognormal shadowing, the CPEs have a front-side nominal interference range of 8.6 km.  The slope of the propagation curve in this region is approximately 47 dB/decade of range, so e.g. ± 12 dB of lognormal shadowing would result in ± ~ 0.25 decades of range variation, or about 4.8 – 15.3 km of interference/sensing range variation with 8.6 km nominal.  

The corresponding nominal interference range for the 75 m high WRAN BS is 10.7 km.  The same 25 dBu 10 m E-field strength is used (corresponding to 10.7 dBu at 2 m), but now the transmit EIRP is only 142.85 mW (21.55 dBm, 200 kHz worth of the 5.6 MHz bandwidth 4 W emission), so 21.55 dBm EIRP and 25 dBu corresponds to 62.15 dBm EIRP and 65.6 dBu E-field for use with the propagation curve.  Note this value will be different for different WRAN BS antenna heights.  For example, a 300 m WRAN BS antenna height would result in about 22 km interference range.  Lastly, the corresponding nominal interference range for backlobe emissions (assuming 15 dB backlobe suppression) from a 10 m high CPE is about 4.5 km.  Thus there will be a backlobe-emissions interference zone of nominally 4.5 km extending beyond the BS coverage zone (the most distant CPEs).

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.  Based on assumptions, the maximum bandwidth to protect the microphone deployment against WRAN BS emissions is 242 kHz.  For a CPE which can transmit full power within a reduced bandwidth, the interference can be worse and the maximum bandwidth is only 8.65 kHz, where this too assumes that frequency selective fading of the narrow-band beacon has been mitigated.  
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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 and EIRP bandwidth assumptions. 
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