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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. This paper contains a study looking at modern characteristics and performances of Fixed Service links. 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. 
This paper contains a first study looking at modern characteristics and performances of Fixed Service links. 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.
This initial study, which will be followed by others as appropriate, justifies starting work towards a Preliminary Draft Revision of F.758, with the goal of modernizing its protection criteria based on technical evidence and Fixed Service link performances of the real modern world.

Supporting Material in relation to Recommendation F.758

There have been significant advances in modulation, forward error-correction coding (FEC) and radio technology since the 1990s. Contemporary fixed-service radios commonly employ adaptive coding and modulation (ACM) together with powerful FEC to maintain connectivity as available link margin varies. Commercial platforms now support multi-step ACM ladders from robust BPSK or QPSK — including ¼-rate and other stronger-FEC states — through 256QAM, 512QAM and 1024QAM, and on conventional microwave bands to 4096QAM. State-of-art LDPC codes are also being featured in commercial platforms. Consequently, a reduction in available margin may first result in transition to a lower-rate ACM state and reduced throughput rather than immediate link outage    
This study focuses on the long-term and short-term criteria contained in Recommendation F.758.
For long-term protection criteria in sharing studies, Table 5 of Recommendation ITU-R F.758-8 provides generic guidance on aggregate I/N. Table 5 gives I/N -10dB as a generally applicable aggregate long-term value above 3 GHz for co-primary sharing, subject to the sharing scenario and any additional apportionment required when multiple services contribute. In sharing and compatibility studies, long-term interference is usually characterized as the interference power that is exceeded by 20% of the time, at the victim receiver input.  Additionally, F.758-8 refers to Tables 3-4 for guidance in the choice of I/N values for use in determining an appropriate long-term interference power density.  
The availability performance (AP) degradations in Tables 3-4 (where rainfall is a dominant factor) are relative numbers.  As an example, Table 4 considers a 3km link at 23GHz. At rain-rate of 22 mm/hr, the nominal margin is listed as 7.6dB at 0.01%.  At I/N = -10dB the margin is reduced by ~0.5dB and the corresponding exceedance percentage is 0.01195%, which is simply a 0.00195% change in link availability in absolute terms (99.99% to   99.98805%). In Table 4, this result is documented as a relative degradation of 19.5%, making the link appear significantly more degraded in relative terms even when the absolute additional impairment is generally small. In the past few years there has been extensive and fruitful discussion in ITU-R (especially in WP4A) on the role and merit of absolute metrics vs old-school relative metrics, which have been proven to be misleading, unstable and deceptively volatile.  The same Recommendation shows why that 19.5% figure is unstable. Tables 3 and 4 apply identical I/N = −10 dB (approximately 0.5 dB reduction in fade margin) at 23 GHz, all at a 0.01% unavailability specification. On the 3 km, 22 mm/hr example the relative AP degradation is 19.5% (margin 7.6 dB). Lengthen the hop to 6 km (Table 3, same rain rate, same I/N) and the relative number falls to 10.3%. Use the wetter 32 mm/hr climate on the 3 km hop and it is 12.7% — so the drier climate is reported as the more degraded link.

This study performs a static link analysis similar to Tables 3 and 4 in F.758-8 but quantifies interference-to-noise ratio (I/N) at fixed-service (FS) receivers into the pragmatic metrics of change in margin and absolute change in link availability (also known as “absolute increase” in unavailability). For links with adaptive coding and modulation (ACM), relation between I/N and average throughput degradation is also quantified. Furthermore, FS links evaluated in this study are based on currently registered fixed-service links in the Comsearch database[footnoteRef:1]. [1:  https://www.comsearch.com/] 


FS link parameters
Registered links operating in E-band were categorized based on the capability of the radio equipment to support ACM.   Table 1 shows examples of ~3km link with ACM (left) and without ACM (right). 
[bookmark: _Ref238344944]Table 1
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Link-margin 
Link-margin at either Site 1 or Site 2 was obtained as follows, 
     (2)
where is the receiver threshold and  is the received signal level for the specific modulation and forward error correction code rate supported by the equipment. As an example, the margin for the 3.1km non-ACM link shown in Table 1 at Site 2 is  
dB.
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 vendor equipment datasheets where available to complement endpoint ACM thresholds and RSL values provided in the database. As an example in Table 1 ,   = 39.89dB and .
 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 2 records statistics of the examined links with ACM. Table 3 records statistics of links without ACM. 
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Figure 1
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[bookmark: _Ref238332130]Table 2:  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: _Ref238332171]Table 3: 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



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 

Attenuation due to Oxygen absorption is incorporated next in the total attenuation, such that 

In this case, the unavailability percentage for the no-ACM link in Table 1 is found to be 0.0035%.  The reduction in margin due to interference is calculated as follows

where I/N dB is the interference to noise ratio at the receiver.  At I/N = -10dB, the % unavailability for the non-ACM link is now 0.00361% representing an absolute increase in unavailability of 0.00011%. Table 4 documents link exceedance (in percentage) and absolute increase in unavailability non-ACM link example of Table 1.  Similar analysis is performed for the link with ACM and results reported in Table 5. 
 
[bookmark: _Ref238343764]Table 4: Non-ACM (Rain + O2)
	I/N (dB)
	Margin (dB)
	% exceedance
	% Availability
	Delta Availability

	-Inf (no interference)
	53.11366083
	0.003510401
	99.9964896
	0

	-10
	52.69973398
	0.003619375
	99.99638063
	0.000108974

	-9
	52.59869141
	0.003646467
	99.99635353
	0.000136066

	-8
	52.47474049
	0.003679973
	99.99632003
	0.000169572

	-7
	52.32356333
	0.003721192
	99.99627881
	0.000210791

	-6
	52.14043289
	0.003771861
	99.99622814
	0.00026146

	-5
	51.92035035
	0.003833567
	99.99616643
	0.000323166

	-4
	51.6582562
	0.003908302
	99.9960917
	0.000397901

	-3
	51.3493122
	0.003998168
	99.99600183
	0.000487767

	-2
	50.9892348
	0.004105696
	99.9958943
	0.000595295

	-1
	50.57464192
	0.004232886
	99.99576711
	0.000722485

	0
	50.10336087
	0.004382229
	99.99561777
	0.000871828

	1
	49.57464192
	0.004556041
	99.99544396
	0.00104564

	2
	48.9892348
	0.004756429
	99.99524357
	0.001246028

	3
	48.3493122
	0.004985876
	99.99501412
	0.001475476

	4
	47.6582562
	0.005246264
	99.99475374
	0.001735863

	5
	46.92035035
	0.005539605
	99.9944604
	0.002029204

	6
	46.14043289
	0.005868234
	99.99413177
	0.002357834


 
[bookmark: _Ref238344836]Table 5: ACM (Rain +O2)
	I/N (dB)
	Margin (dB)
	% exceedance
	% Availability
	Delta Availability

	-Inf (no interference)
	39.89826545
	0.022146128
	99.97785387
	0

	-10
	39.4843386
	0.022733163
	99.97726684
	0.000587035

	-9
	39.38329603
	0.022878756
	99.97712124
	0.000732628

	-8
	39.25934511
	0.02305949
	99.97694051
	0.000913363

	-7
	39.10816795
	0.023281921
	99.97671808
	0.001135793

	-6
	38.92503751
	0.023555471
	99.97644453
	0.001409343

	-5
	38.70495497
	0.023888696
	99.9761113
	0.001742568

	-4
	38.44286082
	0.024293168
	99.97570683
	0.00214704

	-3
	38.13391683
	0.024780944
	99.97521906
	0.002634817

	-2
	37.77383942
	0.025364034
	99.97463597
	0.003217906

	-1
	37.35924654
	0.026056752
	99.97394325
	0.003910624

	0
	36.88796549
	0.026871643
	99.97312836
	0.004725515

	1
	36.35924654
	0.027824144
	99.97217586
	0.005678017

	2
	35.77383942
	0.028928322
	99.97107168
	0.006782194

	3
	35.13391683
	0.030196523
	99.96980348
	0.008050395

	4
	34.44286082
	0.031645565
	99.96835444
	0.009499437

	5
	33.70495497
	0.033288861
	99.96671114
	0.011142734

	6
	32.92503751
	0.035143237
	99.96485676
	0.012997109



Average throughput and percentage degradation in throughput for links with ACM
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 6 using the exemplary link from Table 1. 
[bookmark: _Ref238351654]Table 6: ACM (Rain+ O2)
	I/N (dB)
	Average Throughput (Mbps)
	% Degradation in Throughput

	-100
	1498.850021
	0

	-10
	1498.799658
	0.003360138

	-9
	1498.786865
	0.004213626

	-8
	1498.770876
	0.005280405

	-7
	1498.750991
	0.006607091

	-6
	1498.726202
	0.008260907

	-5
	1498.695466
	0.01031155

	-4
	1498.657365
	0.012853612

	-3
	1498.610272
	0.015995503

	-2
	1498.552139
	0.01987404

	-1
	1498.480435
	0.024657941

	0
	1498.39212
	0.03055018

	1
	1498.283123
	0.037822213

	2
	1498.148196
	0.046824262

	3
	1497.980327
	0.058024077

	4
	1497.769522
	0.072088536

	5
	1497.501068
	0.089999197

	6
	1497.152497
	0.113255065




Summary

Table 5 of ITU-R F.758-8 identifies a long-term protection criterion of aggregate I/N of -10dB for FS links operating above 3GHz. This is based on static link analysis using hypothetical links in Tables 3-4 of F.758-8 that translate interference induced fade margin reduction to degradation in availability performance. However, these degradations are expressed in relative terms with respect to the baseline availability performance and mask the relatively minor degradation to link availability. 

This study has re-examined the static interference analysis in the context of currently registered FS links incorporating modern radio capabilities. The static analysis in this study analysis has quantified impact of aggregate I/N into performance metrics of absolute increase in link unavailability and additionally in terms of percentage degradation in average throughput for links with ACM. The results of this study clearly show the level of protection that F.758 grants FS links today. Without any doubt, it should be possible to modernize these criteria based on modern FS links characteristics and performance. Moreover, there is clearly a need to study FS links using ACM, and determine long-term and short-term protection criteria suitable for them. For the long-term, certainly an I/N metric is inappropriate and antiquate. On the contrary, throughput degradation appears to be more suitable and appropriate.
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Type ACM No ACM

Path ID 43629 30870

Registration ID 230727COMS00009 MM0019043

Call Sign WRVP858 WRER925

Latitude Site 1 17.736083 40.777278

Longitude Site 1 -64.781639 -74.069333

Latitude Site 2 17.754917 40.805167

Longitude Site 2 -64.799389 -74.078

Path Length 2.808721218 3.182283495

Ground Elevation Site 1 38.95 2.01

Ground Elevation Site 2 325.8 1.62

Antenna Manufacturer 1 RFS mWave Industries, LLC

Antenna Model 1 SB1-W800C FCC HRP3-800

Gain 1 44.6 54

Beamwidth 1 0.8 0.3

RCAGL Site 1 4.15 19.81

Antenna Manufacturer 2 RFS mWave Industries, LLC

Antenna Model 2 SB1-W800C FCC HRP3-800

Gain 2 44.6 54

Beamwidth 2 0.8 0.3

RCAGL Site 2 15.24 61.87

Equipment Manufacturer 1 Aviat Networks, Inc. E-Band Communications Corporation

Equipment Model 1 WTM4800-250M-ACM          E-LINK LLEAP             

Equipment Model Description 1 WTM 4800 Multi-Band 256QAM-QPSK LLEAP

Emission Designator 1 250MD7W    1G00G1W   

Modulation 1 256 QAM              QPSK                

ACM Min Modulation 1 QPSK

ACM Max Modulation 1 256 QAM

Data Rate 1 1500 1250

Threshold Site 1 -55.5 -60

Receive Noise Figure Site 1 7.89 8

Equipment Manufacturer 2 Aviat Networks, Inc. E-Band Communications Corporation

Equipment Model 2 WTM4800-250M-ACM          E-LINK LLEAP             

Equipment Model Description 2 WTM 4800 Multi-Band 256QAM-QPSK LLEAP

Emission Designator 2 250MD7W    1G00G1W   

Modulation 2 256 QAM              QPSK                

ACM Min Modulation 2 QPSK

ACM Max Modulation 2 256 QAM

Data Rate 2 1500 1250

Threshold Site 2 -55.5 -60

Receive Noise Figure Site 2 7.89 8

ATPC Flag Site 1 0 0

ATPC Nom Power 1

Power Site 1 16.5 26

ATPC Max Power 1

ACM Min Mod Power 1 16.5

ACM Max Mod Power 1 8.5

ATPC Flag Site 2 0 0

ATPC Nom Power 2

Power Site 2 16.5 26

ATPC Max Power 2

ACM Min Mod Power 2 16.5

ACM Max Mod Power 2 8.5

Tx Loss 1 0

Rx Loss 1 0

Common Loss 1 0 0

Tx Loss 2 0

Rx Loss 2 0

Common Loss 2 0 0

ATPC Nom RSL 1

Selected RSL Site 1 -34.10173455 -6.886339173

ATPC Max RSL 1

ACM Min Mod RSL 1 -34.10173455

ACM Max Mod RSL 1 -42.10173455

ATPC Nom RSL 2

Selected RSL Site 2 -34.10173455 -6.886339173

ATPC Max RSL 2

ACM Min Mod RSL 2 -34.10173455

ACM Max Mod RSL 2 -42.10173455

Center Freq Site 1 83500 71500

Polarization Site 1 V V

Center Freq Site 2 73500 81500

Polarization Site 2 V V
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