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	Purpose/Objective: Submit studies to justify starting the work towards a new update of Recommendation F.758


	Abstract:   In the recent past the United States started a ground-breaking work at ITU level to take a fresh look at the key Recommendation for most relevant services. The vast majority of these Recommendations have either not been updated since the ‘90s or they were updated but keeping the same (or close to the same) protection criteria from the ‘90s. Recommendation F.758 is certainly part of that party. It is actually one of the very first Recommendations that started explicitly mentioning the “magic” numbers of -6 dB and -10 dB I/N.  The goal is to show technically sound evidence demonstrating how conservative are existing criteria in F.758, and also to consider modern Fixed Service links using Adaptive Coding and Modulation (ACM), which in the modern world should represent the vast majority of operated links. For links using ACM, certainly an I/N metric is inappropriate and antiquated, while a more modern, efficient and appropriate metric would be throughput degradation for long-term coupled with an absolute increase in unavailability for short-term. With respect to the links that still in 2026 do not use ACM, I/N can still be considered, but certainly a value of -10 dB I/N for 80% of the time is remarkably conservative, as these studies show, and should be modernized.    
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During this study cycle the United States initiative work on several fronts and for several services with a view to modernize key ITU-R Recommendations that either come from the ‘90s or contain protection criteria that have not been updated since the ‘90s. In general, given the tremendous advancements in technology of the past 30 years, it is necessary to take a fresh look at all these key Recommendation. Recommendation F.758 is certainly part of them. It is actually one of the very first Recommendations that started explicitly mentioning the most used criteria of -6 db and -10 dB I/N, which eventually started spreading to almost all services after 1997. 

The first draft contained a study based on similar static analysis that showed that the relative degradation framework of ITU-R F.758-8 can make interference effects appear more significant than the actual service impact, particularly for modern links.  The static analysis performed in the first draft on currently registered fixed-service links, equipped with modern radio capabilities, operating in E-band, indicated that the actual service impact to these links, in terms of absolute increase in link unavailability and additionally in terms of percentage degradation in average throughput for links with ACM was comparatively small.  In the second draft, we provided details of the weakest (E-band) links with and without ACM that were examined as part of the analysis in the first draft. In this draft, we repeat the static analysis applied previously to representative fixed-service links operating in Ku and Ka bands. 

 




 


 

 
 

E-band FS Link Characteristics

Summarized below are relevant parameters of over 1000, currently registered fixed-service links operating the in E-band[footnoteRef:1], that were considered in the first draft.  Figure 1 plots the CDF of margins of upwards of 1000 links with ACM (left) and without ACM (right).  Figure 2 shows the CDF of path lengths for the same set of links.  Table 1 records statistics of the examined links with ACM. Table 2  records statistics of links without ACM.  [1:  https://www.comsearch.com/] 



Figure 1
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[bookmark: _Ref240276344]Table 1:  ACM
	Parameter
	Mean
	Median 
	P90

	Margin (dB)
	43.4
	42.3
	55.1

	Path length (km)
	4.2
	3.3
	8.8

	R001 mm/hr
	34.3
	26.1
	53.1



[bookmark: _Ref240276357]Table 2: Non-ACM
	Parameter
	Mean
	Median 
	P90

	Margin (dB)
	41.7
	38.5
	58.4

	Path length (km)
	12.8
	11.5
	21.5

	R001 mm/hr
	40.1
	41.5
	42.3



As an illustrative example, Table 3 documents the parameters of two links with ACM. Path ID  43629 is the link that was displayed in the first draft. Path ID 44875 was found to be worst case among links considered in the first draft. 
TABLE 3
FS Link Parameters (ACM)
	Parameters
	Path ID 43629
	Path ID 44875

	 
	First-draft Table 1 ACM example
	Worst case ACM link

	Site 1
	Alfredo Andrews (VI)
	Gilbert (IA)

	Site 2  
	Blue Mountain (VI)
	Boone (IA)

	Frequency  (GHz)  
	83.5
	83.5

	Path length (km)
	2.81
	24.69

	FS antenna maximum receive gain (dBi)
	44.6
	51.06

	Site 1 latitude
	17.736083° N
	42.118639° N

	Site 1 longitude
	64.781639° W
	93.599333° W

	Site 2 latitude
	17.754917° N
	42.061778° N

	Site 2 longitude
	64.799389° W
	93.887806° W

	Receiver noise figure (dB)
	7.89
	10

	Antenna height AGL Site 1 (m)
	4.15
	50.29

	Antenna height AGL Site 2 (m)
	15.24
	33.53

	Ground AMSL Site 1 (m)
	38.95
	312.39

	Ground AMSL Site 2 (m)
	325.8
	342.53

	Antenna AMSL Site 1 (m)
	43.1
	362.68

	Antenna AMSL Site 2 (m)
	341.0
	376.06

	ACM min / max modulation (listing)
	QPSK / 256 QAM
	QPSK / 128 QAM

	Channel / emission (listing)
	250 MHz / 250MD7W
	2000 MHz / 2G00D7W

	ACM min-mod RSL (listing) (dBm)
	−34.10
	−40.06

	ACM max-mod RSL (listing) (dBm)
	−42.10
	−48.06

	Threshold / required RSL highest mode (listing) (dBm)
	−55.5
	−50.5

	RSS QPSK (Aviat WTM 4800, BER 10⁻⁶) (dBm)
	−74.0
	−65.5

	Margin QPSK = min-mod RSL − RSS_QPSK (dB)
	39.90
	25.44

	Margin highest mode = max-mod RSL − Threshold (dB)
	13.40
	2.44




Table 4 documents two links without ACM. Path ID 30870 was listed in the first draft and Path ID 6972    was found to be worst case link among the non-ACM links examined in the first draft. 

[bookmark: _Ref240176729]TABLE 4
FS Link Parameters (No ACM)

	Parameters
	Path ID 30870
	Path ID 6972

	Role
	First-draft Table 1 no-ACM example
	Worst no-ACM link  

	Site 1
	755W (NJ)
	SWDL (PA)

	Site  2
	Hilton (NJ)
	WLMSPTPA3 (PA)

	Frequency(GHz) (Receiver at Site2)
	71.5   
	84.125   

	Path length (km)
	3.18
	118.57

	FS antenna maximum receive gain (dBi)
	54.0
	50.8

	Site 1 latitude
	40.777278° N
	40.199253° N

	Site 1 longitude
	74.069333° W
	77.430528° W

	Site 2 latitude
	40.753083° N
	41.233122° N

	Site 2 longitude
	74.045167° W
	77.079700° W

	Receiver noise figure (dB)
	8
	7

	Antenna height AGL Site 1 (m)
	19.81
	36.58

	Antenna height AGL Site 2 (m)
	61.87
	36.58

	Ground AMSL Site 1 (m)
	2.01
	164.68

	Ground AMSL Site 2 (m)
	1.62
	168.6

	Antenna AMSL Site 1 (m)
	21.8
	201.3

	Antenna AMSL Site 2 (m)
	63.5
	205.2

	R0.01 (ITU-R P.837) Site 1 (mm/h)
	41.5
	39.4

	R0.01 (ITU-R P.837) Site 2 (mm/h)
	41.4
	36.4

	Selected RSL (listing) (dBm)
	−6.89
	−47.71

	Threshold / required RSL (listing) (dBm)
	−60.0
	−66.0

	Margin = Selected RSL − Threshold (dB)
	53.11
	18.29

	Baseline p_ex (rain only) (%)
	0.0035
	1.45

	Equipment / emission
	E-LINK LLEAP
	E-LINK 1000Q / 1G00G1W

	Modulation / data rate
	QPSK
	QPSK / 1250 Mbit/s






Ku and Ka-band FS Link Characteristics

Details on registered Ku and Ka band fixed-service links were obtained from https://wireless2.fcc.gov/UlsApp/UlsSearch/searchLicense.jsp. 
As an illustrative example, Table 3 documents the parameters of two fixed service links, operating in Ku-band and Ka-band, respectively.   
[bookmark: _Ref240176554]TABLE 1
FS Link Parameters 
	Parameters
	Call Sign WQYU458
	Call Sign WQUB840  

	 
	Ku-band link
	Ka-band link

	Site 1
	COUGAR MT 
	CHEYENNE SUB

	Site 2  
	CITY CENTER 
	CHEYENNE 

	Frequency (GHz)  
	11.135
	18.080

	Path length (km)
	10.3409
	10.421072

	FS antenna maximum receive gain (dBi)
	34.7
	38.9

	Site 1 latitude
	47.5415
	41.113417

	Site 1 longitude
	-122.1092
	-104.814139

	Site 2 latitude
	47.6149
	41.168139

	Site 2 longitude
	−122.1936
	-104.713306

	Antenna height AGL Site 1 (m)
	45.7
	15.2

	Antenna height AGL Site 2 (m)
	109.7
	22

	Ground AMSL Site 1 (m)
	445.5
	1867.5

	Ground AMSL Site 2 (m)
	50.1
	1860.1

	ACM min / max modulation (listing)
	QPSK/256QAM
	QPSK/256QAM

	Channel / emission (listing)
	36M3D1D
	36M3D1D

	Min-Mod EIRP (dBm) (listing)
	54.2
	62.9

	Max-Mod EIRP (dBm) (listing)
	54.2
	55.9

	RSL min-Mod (dBm) 
	-44.77
	-36.15

	RSL max-MOD (dBm)
	-44.77
	-43.15

	RSS QPSK (Cambium Networks, LTD Model: PTP11800B/ PTP-18800-B, BER 10⁻⁶) (dBm)
	−85.2
	−85.2

	RSS 256QAM (Cambium Networks, LTD Model: PTP11800B/ PTP-18800-B, BER 10⁻⁶) (dBm)
	−67.1
	−67.1

	Margin QPSK = min-mod RSL − RSS_QPSK (dB)
	40.43
	49.05

	Margin highest mode = max-mod RSL − RSS_256QAM (dB)
	22.33
	23.95

	Rain rate R_001 (mm/hr)
	26.23
	24.29




Link-margin 
Link-margin at either Site 1 or Site 2 was obtained as follows, 
     (2)
where is the receiver threshold (obtained from the equipment datasheet) and  is the received signal level for the specific modulation and forward error correction code rate supported by the equipment. The RSL is calculated from the (listed in ULS), Gain (listed in ULS) and the free-space path loss (FSPL), as follows: 



The margin (dB) at the lowest ACM mode (QPSK) is as follows:
.

The margin (dB) at the highest ACM mode (256QAM) is:
.

For ACM radios, a set of margins {} can be defined corresponding to ACM states supported by the radio equipment. Each state typically corresponds to a particular choice of modulation and forward error correction rate. Here, the link-availability is determined by the margin of the lowest ACM state (i.e., ACM min modulation).  For ACM radios,   calculations in this study reference receiver sensitivity levels (RSS) from vendor equipment datasheets where available. 


Absolute change in availability 
If the available propagation margin is , the baseline rain-induced unavailability percentage  is obtained from the rain-attenuation curve using the relation 

Only rain attenuation is considered in this analysis for Ku and Ka links, such that the total attenuation is 
.
The reduction in margin due to interference is calculated as follows

where I/N dB is the interference to noise ratio at the receiver.  As an example, given the rain-rate for this location (26.23 mm/hr), the rain attenuation at  (99.99% availability) is 5.93dB, similarly, at  (99.999% availability) is 11.95dB and at  (99.9999% availability) is 18.5dB. The margin for a particular mode represents the headroom at the receiver relative to the minimum signal-to-noise ratio required to decode that mode. The corresponding minimum signal level is obtained from vendor data sheets and is labelled as RSS in Table 1. In the absence of external interference, this margin can be translated to a baseline availability using the rain attenuation calculated for the path. For instance, if the margin was at least 18.5dB, in the absence of interference the availability would be 99.9999%. As a comparison, the margin for the highest mode for this link was found to be 22.33dB and for lowest mode was found to be 40.43dB. External interference, modelled conservatively here as an aggregate I/N value at the receiver will reduce the margin (e.g., 1dB for -6dB I/N). For instance, at I/N = -6dB, the margin for highest mode reduces from 22.33dB to 21.33dB, still above the exemplary value of 18.5dB for 99.9999% availability. 

Table 2 documents link exceedance (in percentage) and absolute increase in unavailability Ku-band link example of Table 1, where exceedance floor is set to 0.0001% due to the large margins, but the actual availability is close to 100%

Similar analysis is performed for the Ka-band link and results reported in Table 3. 


TABLE 2 KU-LINK 
	I/N (dB)
	Margin (dB)
	% exceedance
	% Availability
	Delta Availability

	-Inf (no interference)
	40.43
	
	99.9999
	0

	-10
	40.0161
	
	99.9999
	0

	-9
	39.915
	
	99.9999
	0

	-8
	39.7911
	
	99.9999
	0

	-7
	39.6399
	
	99.9999
	0

	-6
	39.4568
	
	99.9999
	0

	-5
	39.2367
	
	99.9999
	0

	-4
	38.9746
	
	99.9999
	0

	-3
	38.6657
	
	99.9999
	0

	-2
	38.3056
	
	99.9999
	0

	-1
	37.891
	
	99.9999
	0

	0
	37.4197
	
	99.9999
	0




TABLE 3: KA LINK
	I/N (dB)
	Margin (dB)
	% exceedance
	% Availability
	Delta Availability

	-Inf (no interference)
	49.0478
	
	99.9999
	0

	-10
	48.6339
	
	99.9999
	0

	-9
	48.5328
	
	99.9999
	0

	-8
	48.4089
	
	99.9999
	0

	-7
	48.2577
	
	99.9999
	0

	-6
	48.0746
	
	99.9999
	0

	-5
	47.8545
	
	99.9999
	0

	-4
	47.5924
	
	99.9999
	0

	-3
	47.2834
	
	99.9999
	0

	-2
	46.9234
	
	99.9999
	0

	-1
	46.5088
	
	99.9999
	0

	0
	46.0375
	
	99.9999
	0




Average throughput and percentage degradation in throughput  
For links with ACM, the possible operational states vary from the most robust (using lowest cardinality modulation and most robust forward error correction code rate supported by the radio equipment) to the highest data rate (using highest cardinality modulation and less robust forward error correction code rate).  The dwell probability at each ACM state can be calculated using the difference in exceedance probabilities of that state and the preceding ACM state. The average throughput degradation as function of I/N is tabulated in   TABLE 4 using the exemplary Ku-band link from Table 1. Due to very robust margin built into the link, the links spends most of its time at the highest mode (256QAM), a nominal reduction in margin due to I/N (e.g., 1dB or even 3dB) keeps the link at 256QAM. Similar analysis is reported in TABLE 5 for the Ka-band link.

[bookmark: _Ref241725784]TABLE 4: KU LINK
	I/N (dB)
	Average Throughput (Mbps)
	% Degradation in Throughput

	−100
	236.609990
	0

	−10
	236.609988
	7.46E−07

	−9
	236.609988
	9.46E−07

	−8
	236.609987
	1.20E−06

	−7
	236.609986
	1.53E−06

	−6
	236.609985
	1.96E−06

	−5
	236.609984
	2.52E−06

	−4
	236.609982
	3.24E−06

	−3
	236.609980
	4.19E−06

	−2
	236.609977
	5.45E−06

	−1
	236.609973
	7.14E−06

	0
	236.609967
	9.42E−06






[bookmark: _Ref241725939]TABLE 5: KA LINK
	I/N (dB)
	Average Throughput (Mbps)
	% Degradation in Throughput

	-100
	236.699191
	0.00E+00

	-10
	236.699127
	2.71E-05

	-9
	236.699111
	3.41E-05

	-8
	236.69909
	4.27E-05

	-7
	236.699065
	5.35E-05

	-6
	236.699033
	6.69E-05

	-5
	236.698993
	8.36E-05

	-4
	236.698944
	1.04E-04

	-3
	236.698883
	1.30E-04

	-2
	236.698808
	1.62E-04

	-1
	236.698716
	2.01E-04

	0
	236.698602
	2.49E-04




Summary

The static analysis method presented for E, Ku and Ka band fixed-service links. These quantify the impact of interference to the absolute change in unavailability and percentage degradation in throughput in modern fixed service links 
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