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	SUMMARY

	This paper discusses candidate protection criteria for WAIC systems against interference from adjacent and other out-of-band band (OOB) emitters.  It considers both dynamic range and filter rejection requirements that should be included in the WAIC SARPs.  It also derives recommended separation distance constraints for such out of band emitters based on the tolerable interference they might inject into WAIC receivers.


1. INTRODUCTION

1.1 WAIC systems will operate in the shared 4200 – 4400 MHz frequency band, coexisting with Radio Altimeters on a mutual non-interference basis; details of these in-band co-existence requirements are being developed and documented in the WAIC SARPs.  Adjacent frequency bands are currently occupied by systems that represent no threat to widely fielded radio altimeter performance, since they provide little to no interference from the relatively low power radiation in the direction of airports and aircraft in flight.  This low interference potential applies to WAIC as well.  However, recent developments towards utilizing bands near 4200-4400 MHz, and in particular to mobile broadband telephony services (LTE), poses the potential for much greater terrestrial interference power levels to both wideband radio altimeter and WAIC receivers.  While radio altimeter OOB protection criteria are given in R-REC-M.2059 providing guidance to analyze such adjacent band interference effects, and more details will be derived for the Radio Altimeter SARPs based on ongoing interference susceptibility tests; however, there are no such characteristics for WAIC. In addition, there are as yet no existing WAIC designs to extract such information from, and thus these need to be derived by practical best design considerations, along with a survey of existing wireless communications chipsets. This paper discusses the rationale for and provides recommendations regarding these design requirements for the WAIC SARPs.
2. DISCUSSION

2.1 The primary focus of this discussion is to ensure that WAIC receivers have adequate protection against non-linearization effects caused by high level OOB signals by a combination of adequate dynamic range and filter selectivity rejection.  The wide 200 MHz bandwidth of WAIC systems combined with the likelihood that the receiver front end will cover the entire band and not channelize until later stages in the signal processing (which also applies to radio altimeters), filter selectivity is expected to provide insufficient protection alone.  In particular, 200 MHz wide (< 3 dB bandwidth) covering filters can have little rejection (only a few dB) within 10-100 MHz of the band edges; the selectivity skirts cannot be made sharp enough without highly complex and bulky multi-pole filters.  The emphasis of the OOB protection must therefore come from a high dynamic range receiver design that can remain linear enough tolerate the OOB signal without distorting the desired in-band signal.
2.2 Interference from Out-of-Band (OOB) emitters can corrupt and degrade the performance of victim in-band receiving systems via one of two fundamental mechanisms: spurious emissions that fall in-band, and fold-over of the OOB main signal that falls into the desired band on or close to the desired signal. The spurious in-band emissions would cause direct on-channel or adjacent channel receiver desensitization, but is a constraint for the OOB emitter alone based on the receiver sensitivity floor, and will not be discussed further herein.  An OOB signal fold-over into the desired band occurs through the non-linear mixing process either as a first order (image) or higher order (intermodulation) product.  Image signal fold-over is unlikely, because the trend to use direct conversion to baseband (or zero IF) receivers with complex baseband digital signal processing and baseband anti-aliasing filters means there is no nearby OOB image frequency.  The high order harmonics of the desired signal could downconvert into the baseband channel also, but these are at 8400 MHz or higher, and easily removed by front end covering filters.   The remaining OOB issue is therefore non-linearization that either distorts the desired signal directly, or that creates a third order (or higher) intermodulation products (IMP3) that fall on or close to the desired channel.  For example, two OOB signals at 4100 MHz and 3900 MHz create an IMP3 in-band at 4300 MHz.
2.3 The typical receiver parameters specifying the linear dynamic range are 1 dB compression point and (input) third order intermodulation point (IIP3).  These are commonly related, with IIP3 being approximately 10 dB higher than the input 1 dB compression point.  Therefore, specifying either one, as is commonly done with industry standard wireless chipsets, essentially covers both.  We will therefore use IIP3 analysis to derive the requirement for a 1 dB compression point, which will then be used specify a limit to the acceptable OOB signal input power limit. 

2.4 Assume an initial 1 dB compression point for a WAIC receiver of -30 dBm, which is the highest level for any radio altimeter receiver tabulated in R_REC_M.2059.  (Note that most radar altimeters are lower than -30 dBm, some down to -53 dBm, but this is because the specific category is “receiver overload protection level”, which can be interpreted several ways, and may not be consistent across all altimeters.  Some may be 1 dB compression, some related to IMP3 levels, etc.).  Then the IIP3 = -20 dBm.  
If we need to maintain IMP3 products below -80 dBm, then the incident OOB signal cannot exceed – 40 dBm. For a free space path loss of 105 dB at 1 km for 4200 MHz, (104 dB/km at 3700 MHz), that means an OOB emitter can be as high as +65 dBm EIRP in the direction of the victim WAIC receiver, and just meet the -40 dBm incident power limit.  Alternatively, for + 60 dBm EIRP, the emitter can be at 560 m.  Several other examples are included in the table below.
	IIP3 (dBm)
	IMP3 level limit (dBm)
	Incident Power acceptable (dBm)
	OOB emitter EIRP limit at 1km
	Acceptable OOB range at +60 dBm

	-20 dBm
	- 80 dBm
	-40 dBm
	+ 65 dBm
	560 meters

	-20 dBm
	- 50 dBm
	-30 dBm
	+ 75 dBm
	 178 meters

	-15 dBm
	- 80 dBm
	- 37 dBm
	+ 68 dBm
	 398 meters

	-15 dBm
	- 50 dBm
	- 27 dBm
	+ 78 dBm
	 126 meters

	-10 dBm
	- 80 dBm
	-33 dBm
	+ 72 dBm
	 251 meters

	-10 dBm
	- 50 dBm
	- 23 dBm
	+ 82 dBm
	 80 meters


2.5 The WAIC receiver will likely be operated at received signal levels between -70 dBm to – 50 dBm, depending on the link design approach, so the – 80 dBm IMP3 level limit is very conservative and the – 50 dBm relatively aggressive.  The actual receiver operations depend upon the co-channel blocking level (usually -2 to -10 dB), the adjacent channel blocking level (often better than + 20 dB), and the individual link design.   A survey of several industry standard chipsets for agile transceivers that cover the 4200-4400 MHz band, and typical 2.4 GHz 802.15.4 chipset, shows, shows that both these and a 1 dB compression point of approximately -20 dBm are readily achievable.  The following paragraph is this recommended for the WAIC SARP regarding OOB interference tolerance: 

xx.4.5
OOB Interference Tolerance: WAIC communications links shall be capable of tolerating Out of Band Interference levels of up to -30 dBm incident upon the receiver while successfully performing its intended function(s).  This may be provided by a combination of adequate linear dynamic range and out of band filter rejection.  Since the 200 MHz wide WAIC front end cannot achieve significant filter rejection close to the band edges, and tuneable front end filters have limited dynamic range, a linear full-band front end with subsequent IF/baseband rejection of interferers is expected.  Therefore, the receiver should have an input 1 dB compression point of at least – 20 dBm, such that the receiver maintains adequate linearity (i.e., generates intermodulation distortion products far enough below the required received signal level) to recover the desired signal at the minimum expected received signal level (RSL).  In addition, WAIC receivers should have a minimal front end filter out-of-band rejection roll-off of at least 20 dB/decade in frequency offset relative to the band edges.

3. ACTION BY THE MEETING 
3.1 The meeting is invited to:

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

b) endorse the proposed line of action in paragraphs 2.4 and 2.5;
c) agree that AVSI continue its work on this proposal, with a view to finalization during the next meeting of the WG. 
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