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	Purpose/Objective: The purpose of this document is to address the topic of interference protection criteria for the various services under the purview of WP 5B as discussed in the plenary of the 36th meeting of WP 5B. 

	Abstract: This contribution seeks to address the ongoing debate of protection criteria in the various WGs, SWGs, and DGs. This paper is intended to be discussed at the proposed Ad-Hoc to plenary group. It will provide information to reinforce the existing protection criteria with the intent to propose a way forward to allow the progression and eventual elevation of Recommendations that are attached to the Chairman’s Report.  
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United States of America

	
CONSIDERATION OF INTERFERENCE PROTECTION CRITERIA FOR THE AERONAUTICAL MOBILE SERVICE AND RADIODETERMINATION SERVICE REFERENCED IN ITU-R M. SERIES RECOMMENDATIONS UNDER THE PURVIEW OF WP 5B

	


1	Introduction
During the last meeting of Working Party 5B, there were discussions in several Working Groups regarding the description of protection criteria to be implemented in the ITU-R Recommendations under its purview. This discussion has been ongoing for several meetings and continues to be unresolved. Document 5B/526 states that “During the course of WP 5B, there was discussion about harmonizing the resolves for ITU-R recommendations under the purview of WP 5B. A discussion was held at the Closing Plenary, and it was agreed at the next meeting of WP 5B to have an Ad hoc Plenary to resolve any issues with protection criteria in the recommendations under the purview of WP 5B”. The purpose of this document is to provide consideration of technical material to reinforce the existing protection criteria and propose a way forward to allow the progression and eventual elevation of Recommendations that are attached to the Chairman’s Report.  
2	Discussion
Document 5B/526 contains the summaries of each of the WG activities. In particular, the topic on protection criteria was discussed in 5B1 (Radiodetermination) and 5B2 (Aeronautical). The descriptions for those summaries are as follows:
5B1 (Radiodetermination):
“4.1.10	Protection criteria
During the meeting of WG 5B-1, six ITU-R Recommendations under revision were considered, in addition to Recommendation ITU-R M.2057 under review by WP 5A, and a joint session was held with WG 5A-3 to address a common issue identified across these documents, which is the protection criteria.
Some administrations expressed the view that the protection criteria should be associated with a percentage of time or probability of exceedance of the I/N = −6 dB threshold, particularly when Monte Carlo simulation methods are applied in sharing and compatibility studies. Other administrations maintained the view that the ITU-R recommended protection criterion of I/N = −6 dB remains appropriate as a deterministic reference value and does not require expression in terms of time percentage or probability of exceedance.
As a result, agreement was not reached on the proposed status upgrades of several draft revisions, due to the lack of consensus on the treatment of protection criteria. The meeting requested that this matter be reported to WP 5B for further consideration, with a view to developing a broader and harmonized approach applicable across these documents.”
5B2 (Aeronautical):
“4.2.3	General discussion on how protection is addressed in ITU-R Recommendations and Reports
There have been debates on how protection should be addressed in ITU-R Recommendations during the last WP 5B meetings (see for example, Document 5B/435, Chapter 4). There are different interpretations of the terminology “protection criteria”, historically used in WP 5B recommendations and associated to an I/N value. Views are expressed that the protection criteria, when expressed only as an I/N value, does not capture random parameters which may be encountered in some sharing and compatibility studies. 
In order to resolve the issue and progress with the recommendation in development or revision within WP 5B, several options have been explored:
–	changing the terminology (e.g., level of protection, permissible interference level, threshold interference level);
–	limiting the term “protection criteria” to minimum coupling loss calculation;
–	clarify in the recommendations that the methodology to perform the sharing and compatibility studies is not under the scope of the recommendation, therefore giving latitude to the WP in charge of the studies to define the relevant methodology in regard to the situation to be investigated.
It was finally decided to further develop the last option, and participants were invited to submit contributions at next WP 5B meeting to clarify that methodology for sharing and compatibility studies are not entirely addressed in the recommendation of the systems to be protected. However, it was emphasized that the definition of the protection criteria of the systems to be protected remains on the remit of the WP in charge of the service in which these systems operate.”
This discussion has taken place across multiple WGs, SWGs, and DGs, to the point where various proposals can be found in almost every relevant attachment to the chairman’s report. To date, the list of relevant documents include:
· Revision to Recommendation ITU-R M.1644 (Annex 1.3)
· WDPN Recommendation ITU-R M.[15.4-15.7_GHZ_ARNS] (Annex 1.5) 
· WDPN Recommendation ITU-R M.[24.45-24.65_GHZ_ARNS] (Annex 1.6) 
· Revision to Recommendation ITU-R M.1462 (Annex 1.8)
· Revision to Recommendation ITU-R M.1638 (Annex 1.11) 
· WDPN Recommendation ITU-R M.[ARNS-AM(R)S-AMS(R)S 960-1215 MHZ] (Annex 2.1) 
· Revision to Recommendation ITU-R M.2116 (Annex 2.3)
· Revision to Recommendation ITU-R M.2089 (Annex 2.4)
· WDPN Recommendation ITU-R M.[AMS CHARACTERISTICS_1 780-1 850 MHZ] (Annex 2.5) 
· WDPN Recommendation ITU-R M.[AM(R)S_AMS(R)S_CHAR_5GHZ] (Annex 2.6) 
Therefore, it is necessary to develop an agreed upon text that could be applicable to all ITU-R Recommendations under the purview of WP 5B. WP 5B is responsible for both the Radiodetermination Service and the Aeronautical Mobile service, and to date most of the in-force Recommendations include text that indicates the protection criteria is an Interference to Noise (I/N) ratio of -6 dB. There is no associated percentage of time or probability of exceedance with this value. 
The following sections provide the definition of interference to noise ratio and logic behind the usage of such a metric to be used for the various services under the purview of WP 5B. 
2.1 	Interference to Noise Ratio 
2	Interference to Noise Ratio 
The interference-to-noise ratio at the receiver input is expressed as I/N. In linear format I/N = -6 dB becomes: 
. 				(1)
Thus, the effective noise power at the receiver input becomes:
Neff = N + I = N × (1 + I/N) 						(2)
At protection limit of I/N = -6 dB, 
Neff ≈ 1.25 × N 							(3)
The corresponding SNR (Signal to Noise Ratio) loss is: 
		(4)
This 1 dB SNR degradation is recognised within the ITU-R as the maximum tolerable degradation for many radiodetermination and mobile systems. 
A useful way to express performance degradation is to compare the effective noise power (Neff) to the original noise power (N). When expressed in decibels, this ratio stands for the increase in the effective receiver noise figure caused by interference. This increase directly corresponds to the rise in the Minimum Detectable Signal (MDS) required.
Figure 1 illustrates the relationship between the interference-to-noise ratio I/N and the resulting increase in (I+N)/N in decibels. A 0.5 to 1.0 dB increase in MDS is considered operationally significant.
Figure-1
Increase in Receiver Noise Figure versus I/N Approximations
[image: ]
From Figure 1:
1. At I/N = -9.5 dB: The effective noise increases by approximately 0.5 dB.
1. At I/N = -6 dB: The effective noise increases by approximately 1.0 dB.

In compatibility studies between incumbent radars or aeronautical mobile systems and broadband systems, a persistent misconception is that interference may exceed these established thresholds for a small percentage of time without causing operational harm. When modelling dynamic networks, temporal parameters (such as Time Division Duplexing) and user activity factors must not be used to calculate a time-averaged aggregate power. Instead, these factors must be applied in Monte Carlo simulations to figure out the instantaneous number of active transmitters during a "frozen-time" snapshot. The aggregate interference from these active devices, accounting for their specific antenna directivity, must be evaluated as an instantaneous peak against the radar protection criterion. While Cumulative Distribution Functions (CDFs) are useful for modelling the probability of various spatial network geometries, they cannot be used to justify time-based exceedance allowances for radar and aeronautical mobile systems. 
3	Proposal
As discussed in the 5B2 (Aeronautical) report, there are three main options to be considered:
–	changing the terminology (e.g., level of protection, permissible interference level, threshold interference level);
This option is preferable due to the capability of minimal edits throughout the open documents listed above. WP 5B should align the protection criteria text to the best extent possible.  
–	limiting the term “protection criteria” to minimum coupling loss calculation;
This option is not acceptable given the nature of dynamic analyses that need to be undertaken for current sharing and compatibility studies. This option undermines the protection criteria in general because it implies a separate undefined criteria should be used in the absence of a MCL analysis. 
–	clarify in the recommendations that the methodology to perform the sharing and compatibility studies is not under the scope of the recommendation, therefore giving latitude to the WP in charge of the studies to define the relevant methodology in regard to the situation to be investigated.
This option is not acceptable because ITU-R Recommendations should not undermine the protection criteria that it is recommending. Giving latitude to the WP in charge of conducting sharing studies does not solve the issue of interpreting results of individual studies and this practice should not be endorsed in every Recommendation under WP 5B purview.  

For the reasons stated above, the United States proposes the following block of text for each ITU-R Recommendation “recommends” under the purview of WP 5B:
“that an aggregate interfering signal power to [radar/aeronautical mobile] receiver noise power level, I/N of −6 dB should be used as the required protection level for the [radiodetermination/mobile] systems contained in Annex X, and that this I/N represents the net protection level if multiple interferers are present;”
TBD
2.2 	Radiodetermination Service 
TBD 
2.3 	Aeronautical Mobile Service
TBD 
3	Proposal
TBD
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