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I respectfully submit these comments in response to the Commission’s Notice of Inquiry (NOI) on 

Promoting Efficient Use of Spectrum through Improved Receiver Immunity Performance, a timely 

and much needed reevaluation of this topic given the current deliberations around spectrum sharing. 

As emphasized in the NOI, the demands for spectrum in the mid-bands (up to 24 GHz) and beyond to 

sub-THz, will continue to grow as the wide variety of wireless applications, not just those enabled by 

mobile cellular technology, continue to impact our society favorably. Since much of these spectrum 

bands are already allocated, spectrum sharing between dissimilar services will be increasingly 

adopted in future rulemaking leading to the potential of co-channel and adjacent channel interference 

that must be addressed by both transmitter and receiver specifications. 

 

I am a professor in the Department of Electrical Engineering and a member of the Wireless Institute 

at the University of Notre Dame1. I am also the Policy Outreach Director for SpectrumX, the nation’s 

first Spectrum Innovation Center funded by the National Science Foundation(NSF)2. The views 

expressed here are mine alone and do not necessarily represent those of my affiliated institutions. 

 
 
 
 
 
 

 
1 https://wireless.nd.edu/ 
2 https://www.spectrumx.org/ 



 

 

(1) Receiver performance parameters 

The NOI enquires about what specific parameters, e.g. selectivity, sensitivity, dynamic range, 

automatic RF gain control, shielding, modulation method, signal processing, should be considered in 

determining receiver performance.  

 

Modern wireless systems are usually characterized by their error rate performance: bit-error-rate 

(BER), block-error-rate (BLER) and/or packet-error-rate (PER). These metrics are a result of the 

transmission parameters (coding, modulation, transmission protocols such as hybrid automatic repeat 

request (HARQ) etc.), a combination of the above mentioned receiver parameters, and others, such as 

the receiver antenna configuration. Many devices today, even low-cost ones may use antenna 

diversity, antenna combining or, if Multiple-Input-Multiple-Output (MIMO) is used for transmission, 

MIMO receivers of varying complexity, from simple zero-forcing architectures to more complex 

maximum-likelihood receivers, with performance improvements resulting from increased 

complexity. Receiver implementations may make trade-offs among the various parameters, e.g. a 

particular receiver manufacturer may opt for a wider bandwidth front-end, but use advanced digital 

signal processing to deliver the same error-rate performance as another receiver manufacturer that 

opts to use a more selective front-end filter and less signal processing. Thus, considering a single 

parameter, or even a set of parameters that define receiver performance, especially in the face of 

adjacent-channel interference can be difficult, if not impossible. While it seems natural to focus on 

the front-end filter as the receiver component that is primarily responsible for eliminating out-of-

band (OOB) signals, there are multiple other ways that OOB can be addressed and the metric that 

should be used to determine receiver performance is the overall performance given a certain level of 

OOB interference. For a digital communication system, the performance metric  could be the BER, 

BLER or PER, for a system such as a radar altimeter this could be the error margin of the final 

output, in this case an altitude reading. 

 

Many wireless systems are compliant to standards developed by standard bodies such as IEEE 

802.11 or 3GPP, which also specify expected receiver performance in terms of error-rates without 

specifying implementations. These performance expectations are usually specified with agreed upon 

in-band channel models such as Additive White Gaussian Noise (AWGN) or Rayleigh multipath 

fading and rarely with adjacent channel interference models. 3GPP however does specify a level of   

– 15dBm of OOB that receivers should be able to tolerate, as noted in the NOI. Since it is becoming 

increasingly clear, as pointed out in the NOI, that future spectrum allocations will necessarily 



 

 

allocate services in bands with current or future neighboring services, standard bodies should 

routinely start evaluating system performance with adjacent channel interference models as a matter 

of course, much like is done today with in-band channel models, even if no system is currently 

allocated in an adjacent band. Such an approach is fairly general and would future proof any new 

system in a particular band from being interfered with by future services in adjacent bands, and 

would not require rulemaking to specify explicit receiver standards, but only an out-of-band signal 

level and model that the system should be able to tolerate, like 3GPP’s specification of –15 dBm.  

Specific OOB signal levels and signal models will be specific to the frequency bands and services. 

 

Clearly, the above approach will not work for legacy systems that were designed in an era when the 

adjacent channel environment they faced was different than the one they could be subject to should 

an adjacent band be (re) allocated to a new service. However, such a rule, had it been in place when 

radar altimeters were allocated the 4.2 – 4.4 GHz band, may have averted the dispute today over C-

band allocations in 3.7 – 3.98 GHz: a full 220 MHz away. 

 

(2) RF Environment 

As noted in the NOI, the RF environment in which new entrants and incumbents operate governs the 

performance of both systems. The RF environment is determined both by the deployment 

characteristics and access protocol: the latter is often overlooked in interference analyses. Most 

modern wireless systems do not occupy the medium all the time: these are packetized systems and 

transmit in bursts as quickly as possible: this minimizes energy and also allows multiple users to 

share the channel. The only “always-on” signals are beacons and other synchronization signals and 

the number and repetition frequency of these signals have reduced. For example, 5G NR has fewer 

always-on synchronization signals than 4G: this reduces energy and also the interference profile 

when idle. From an adjacent channel interference viewpoint, this implies that the interference 

environment is not constant, even in the same location, but changes probabilistically depending on 

the level of activity. Further, the use of advanced antenna systems (AAS) creates a probabilistic 

spatial interference environment as well, which is not well modeled in current interference analyses. 

A unified framework and more complete space-time probabilistic model of interference of a wireless 

system that could potentially interfere with in-band or adjacent incumbents  is essential to truly 

understanding the RF interference model: such a model needs to be fully developed for evaluating 

interference potential between any two wireless systems. 

 



 

 

(3) Harmful interference 

All interference is not necessarily “harmful”. A “victim” receiver that has tens of dB of margin in a 

particular location may experience interference from a co-channel or adjacent channel signal 

resulting in, e.g., a 1 dB decrease in signal-to-noise-ratio (SNR): this is only harmful, if the 

performance of the receiver degrades, which in this case may be unlikely given the margin. Hence, 

interference should only be considered harmful in a particular environment if it results in a 

performance degradation in that environment as measured by the relevant performance metric. 

 

(4) Legacy systems 

Most legacy system receivers were designed and built for the adjacent channel environment that 

existed when they were allocated their frequency band. In order to understand the interference impact 

to legacy receivers when new, usually digital wireless systems, are allocated in an adjacent band, it is 

imperative that characteristics of both systems be disclosed fully to the Commission: a complete 

interference analysis cannot be done by just considering the impact on RF front-ends. Deployment 

considerations also need to be fully considered before assigning transmission parameters, such as 

transmitted power and transmit mask, to the new system. 

 

(5) Passive scientific receivers 

While the NOI focuses on receivers (active and passive) that may need to have performance 

standards for interference immunity, the class of passive receivers that are already ultra-sensitive, e.g. 

those used for scientific uses like radio astronomy and remote sensing present a different set of 

challenges with respect to the definition of harmful interference and the interference protection 

requirements from adjacent and co-channel wireless systems. Receiver standards will not protect 

such applications since these receivers will continue to improve in sensitivity to address new 

scientific questions: such receivers will continue to need protection via transmitter specifications that 

fully account for their unique performance needs and receiver processing e.g. the use of extended 

integration times and significant off-line post-processing to extract extremely weak information 

bearing signals from background nose and interference. 

 

(6) Conclusions 

Co-channel and adjacent interference between dissimilar systems will continue be one of the most 

important factors in future rulemaking as the Commission seeks new spectrum for allocating future 

wireless services. Rulemaking should fully consider both transmitter and receiver specifications of all 



 

 

potentially interfering and incumbent systems, via modeling, analysis, simulations and measurements 

where available. From my perspective, NSF-funded centers such as SpectrumX can and should 

contribute to these critical evaluation processes. 

 

Respectfully submitted, 

 

 

Monisha Ghosh 
Professor, Department of Electrical Engineering, 
University of Notre Dame 
202 Cushing Hall 
Notre Dame, IN 46556 
email: mghosh3@nd.edu 
 
June 27, 2022 
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