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	SUMMARY

	The WAIC SARPS Correspondence Group (“CG”) has worked to address questions raised by the FSMP-WG at a focused web meeting held on 3 June 2020. Two actions were identified: (1) determine if an omni directional limit of 4 mW/MHz will meet Rec. ITU-R M.2059 protection criteria for in-flight scenarios, (2) determine if WAIC adjacent band rejection better than 40 dB/decade could be supported. This information paper provides a summary of the work since the web meeting and recommends continued effort to develop comprehensive responses to these questions.


1. INTRODUCTION

1.1 The WAIC SARPS Correspondence Group (CG) was formed by the FSMP in January 2019 to resolve a question concerning the emissions mask specified in the draft WAIC SARPS.  Discussions within the CG grew to consider additional concerns with the draft SARPS text. These concerns were largely resolved except for questions about the emitted power limits and the out-of-band interference tolerance.
1.2 The CG was not able to resolve these two questions and sought direction from the larger FSMP Working Group. A technical teleconference was held on 3 June 2020 to discuss potential means to find consensus text for the WAIC SARPS. Contributions from the CG Chair, France, and the UK were introduced.
1.3 Concerning the WAIC emitted power limits, it was agreed that all of the studies done to date show that, without mitigation, limiting the WAIC e.i.r.p. to “The power spectral density of the total emissions of all WAIC transmitters on board an aircraft shall not exceed an equivalent isotropic radiated power spectral density of 4mW/MHz assuming a point source located at the geometrical center of the aircraft,” the requirement stated in the non-consensus draft WAIC SARPS presented at the FSMP WG/9 meeting held in August 2019,  would result in exceeding the radio altimeter (RA) interference thresholds as contained in Recommendation ITU-R M.2059 for the worst-case landing scenario. Two possible approaches to resolve this discrepancy were discussed:  (a) modify M.2059 to reflect test results showing that RAs may be more robust to interference when the desired RA signal is strong (e.g., during the aforementioned landing scenario), or (b) modifying the e.i.r.p. to introduce angle-dependent limits that bring the SARPS within compliance with the Rec. ITU-R M.2059 limits. Regarding (a), it was noted that this approach would only be useful if the other operational scenarios (e.g., enroute) could tolerate the “omni 4mW/MHz e.i.r.p.” limit. Regarding (b), it was noted that current proposals for an angle-dependent e.i.r.p. could severely impact the viability of the band for WAIC applications.
1.4 Concerning out-of-band interference tolerance, it was noted that the current draft WAIC SARPS only require rejection of emitters operating outside the 4200-4400 MHz band at a rate of 40 dB/decade starting at the band edge. This means that even 400 MHz away the required rejection would be less than 2 dB. The concern was that given the current environment where spectrum allocations are very fluid, WAIC should make every attempt to reject signals outside the 4200-4400 MHz operational band.
1.5 The technical teleconference resulted in two actions being referred back to the CG.

1.5.1 Action 1:  explore other WAIC-RA interaction scenarios, including enroute with 1000’ and 2000’ vertical separations, to determine whether the “omni 4 mW/MHz” WAIC limit would be sufficient to protect RAs to the M.2059 thresholds, and if not, what angular-dependent power limit would be required.

1.5.2 Action 2:  explore whether adjacent frequency rejection, better than the current 40 dB/decade starting at the 4200/4400 MHz band edge, could be supported for the WAIC SARPS.
2. DISCUSSION

2.1 Action 1 - WAIC Enroute Interference Scenario

2.1.1 Two studies were performed to determine whether the “omni 4 mW/MHz” WAIC limit would be sufficient to protect RAs to the M.2059 thresholds in enroute scenarios, one from the UK and one from France. 
2.1.2 The UK study considered the scenario illustrated in Figure 1. The study made use of RA characteristics and protection criteria specified in Rec. ITU-R M.2059 and assumed that (1) the WAIC radiated PSD is 6 dBm/MHz from the aircraft geometric center with no directional e.i.r.p. or other mitigations, (2) the frequency is 4 300 MHz (center of the frequency band), and (3) the aircraft are in level flight. The study noted that although the minimum separation is 1,000 ft for an aircraft flying above another aircraft, it would be normal to have at least 2,000 ft separation where those two aircraft are flying in a similar direction. 

2.1.3 The study found that without additional mitigations, the “omni 4 mW/MHz” limit leads to negative net interference margins for both RA receiver desensitization and false altitude protection criteria at both 1000 ft and 2000 ft separation levels. This is roughly consistent with Study 1 in Report ITU-R M.2319, which found that the required protection distance between aircraft for RA main lobe interference caused by externally mounted WAIC emitters was up to 15.8 km.

[image: image1]
Figure 1: Enroute Scenario considered in UK Study
2.1.4 The French study considered a similar scenario and assumptions. The study agreed with the UK study in finding that negative net interference margins existed for both RA receiver desensitization and false altitude protection criteria at both 1000 ft and 2000 ft separation levels and concluded that mitigation techniques are needed WAIC systems to be compliant with Rec. ITU-R M.2059 criteria in all conditions.
2.1.5 The study further developed recommended directional attenuation required to meet the M.2059 protection criteria. These are summarized in Table 1 and Figure 2. The table also reflects a proposal raised in the study that reflects the more severe attenuation requirements caused by the performance of pulsed RAs. The study suggested that if a suitable guard band is excluded around 4 300 MHz, it might be possible to reduce the required attenuation and that further study is needed if this option is considered. Table 1 shows the preliminary result that considered only the frequency 4 300 MHz.
Table 1: Directional Attenuation of WAIC System Emissions Required by M.2059

	Parameters
	Values

	Angle (°)
	0
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50
	55
	60
	65
	70
	75
	80
	85
	90

	1000 ft
	34.1
	34.0
	33.4
	32.5
	31.2
	29.6
	27.6
	25.1
	22.3
	19.1
	15.5
	11.4
	6.8
	2.6
	0
	0
	0
	0
	0

	2000 ft
	28.1
	27.9
	27.4
	26.5
	25.2
	23.6
	21.5
	19.1
	16.3
	13.1
	9.5
	5.4
	0.8
	0
	0
	0
	0
	0
	0

	
	Excluding 4300 MHz

	1000 ft
	24.2
	24.1
	23.7
	23.2
	22.3
	21.3
	20.0
	18.4
	16.6
	14.4
	12.0
	9.3
	6.2
	2.6
	0
	0
	0
	0
	0

	2000 ft
	18.2
	18.1
	17.7
	17.1
	16.3
	15.2
	13.9
	12.4
	10.5
	8.4
	6.0
	3.3
	0.2
	0
	0
	0
	0
	0
	0
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Figure 2: Directional Attenuation of WAIC System Emissions Required by M.2059
2.2 Action 2 - Adjacent Frequency Rejection
2.2.1 The technical teleconference asked the CG to explore whether adjacent frequency rejection, better than the current 40 dB/decade starting at the 4200/4400 MHz band edge, could be supported for the WAIC SARPS. The current draft SARPs text proposes an out-of-band interference tolerance limit for a WAIC receiver in its section xx.4.4. The corresponding provision consist of three elements:

1. combined front-end filter and antenna roll off of at least 40 dB/decade from the band edges,

2. tolerable power level from out-of-band sources reaching the WAIC receiver (measurement point “A” in Figure 3 below) of -30 dBm,

3. desensitization of a WAIC receiver by a maximum of 1 dB due to signal components from out-of-band sources falling into the 4 200 – 4 400 MHz band. This corresponds to a maximum power spectral density limit of -101 dBm / MHz.
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Figure 3: WAIC Receiver Block Diagram
2.2.2 During discussions within the CG some members raised concerns regarding the roll-off figure of 40 dBm/decade and suggested that this number might be too low and that their respective national regulators might not accept such a figure given the growing uncertainty in spectrum allocations. The value of  40 dB/decade was initially suggested because RF domain band-filters with very steep roll-off may become very complex, large and costly in their implementation. Hence, a careful compromise between receiver front-end protection from out-of-band sources and filter complexity must be made. In particular for small form factor WAIC sensor devices, bulky and costly front end filters are not practical. 
2.2.3 Some CG members suggested that increasing WAIC SARPS front-end selectivity specification to a value of  80 dB/decade (24 dB/octave) gives WAIC receivers the same protection against out-of-band sources as RAs, the established service in the 4 200 – 4 400 MHz frequency band, according to Rec. ITU-R M.2059.

2.2.4 Additional discussion in the CG centered around available technologies that would allow WAIC to improve the frequency dependent rejection characteristic of the receiver front end to reduce the risk of blocking from adjacent frequency bands while maintaining viable design options for envisioned WAIC applications. Studies of specific design implementations are beyond the scope of the CG, but it was noted that there may be some options worthy of further investigation in the general sense.

2.3 Additional Considerations
WAIC Viability

2.3.1 The technical teleconference included some discussion about the impact of restricting the e.i.r.p. to levels below the “omni 4 mW/MHz e.i.r.p.” on the viability of WAIC. Informal studies indicated that the number of allowable channels could be severely restricted. It was suggested that the issue may be resolvable by selection of the appropriate technology. It was further noted that the information capacity of a noisy channel is limited by the Shannon-Hartley theorem, independent of the technology employed, so the concern extends to the general case and no consensus was reached.  Further study is necessary to fully investigate the impact on WAIC viability.
2.3.2 The CG discussed some potential approaches for implementing WAIC that makes use of the established characteristics of FMCW radar altimeters to enhance the robustness of a WAIC communication channel in the presence of RA interference. It was proposed that through the careful selection of communication protocol parameters, WAIC can be implemented so that it is very robust against FMCW interference. 
2.4 Conclusion

2.4.1 The WAIC CG made some progress addressing the actions raised by the 3 June technical teleconference. However, the questions have not been fully resolved to enable consensus language for the WAIC SARPS. Thus, the CG recommends that work continue to address the remaining questions and to prepare draft SARPS to be considered at a future meeting of the FSMP.

3. ACTION BY THE MEETING

3.1 The meeting is invited to:

a) note and review the contents of this working paper;
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