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6 GHz Regulatory Timeline

“Industry” FCC Issues NRPM

Proposal to FCC
_ _ Develop a Sustainable Spectrum
The proposal is to allow unlicensed use of the Strategy to increate spectrum

6 GHz band for Wi-Fi, both indoor and outdoor.  5¢ccess and flexible management.

FCC Report & Order*

Unlicensed spectrum use of the
entire 5925-7125 MHz band.
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*[FCC] REPORT AND ORDER AND FURTHER NOTICE OF PROPOSED RULEMAKING, Unlicensed Use of the 6 GHz Band, Expanding
Flexible Use in Mid-Band Spectrum Between 3.7 and 24 GHz, ET Docket No. 18-295 and GN Docket No. 17-183, Released: April 24, 2020.
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What Changed?

Two types of unlicensed transmitters were authorized: Standard
Power (SP) units operating under the control of an Automated
Frequency Coordination (AFC) system and Low Power (LP) units
only authorized inside buildings (“indoor”).*

The expectation is that the AFC systems will protect licensed
fixed point to point services. The unmanaged indoor Low Power
units represent a risk to licensed fixed services.

* A later Report and Order authorized Very Low Power (VLP) unlicensed transmitters. These are
expected to be worn and unlikely to be an interference issue.



Expected RLAN Maximum Transmit Powers

320 MHz channels are allowed but not yet defined
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Unlicensed Low Power Indoor RLAN Maximum Transmit Powers

RLAN Transmit Bandwidth (MHz)
Indoor Access Point EIRP (dBm)
Indoor Client Device EIRP (dBm)

Maximum Transmit Power into 30 MHz Channel

RLAN Transmit Bandwidth (MHz)
Indoor Access Point EIRP (dBm)
Indoor Client Device EIRP (dBm)

Upper 6 GHz
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Unlicensed Standard Power Indoor/Outdoor RLAN Maximum Transmit Powers

RLAN Transmit Bandwidth (MHz)
Indoor/Outdoor Access Point EIRP (dBm)

Fixed Indoor/Outdoor Client Device EIRP (dBm)
Mobile Indoor/Outdoor Client Device EIRP (dBm)

Maximum Transmit Power into 30 MHz Channel
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Transmit Power Activity Factor

Today RLANSs use one channel and Time Division Duplex (TDD) for data transmission in a point to multipoint architecture.
An Access Point is the center of the architecture with Client devices communicating with the Access Point.
The Access Point and Client take turns transmitting on the communications channel.
The average transmit power for each device is less than maximum transmit power.
The difference between maximum power and average power is termed Activity Factor (or Duty Cycle).
The FCC quotes results from a CableLabs simulation report*:
Activity Factor <7% for 99% of 500,000 RLANs
Activity Factor <2% for 95% of 500,000 RLANs
Activity Factor <1% for 90% of 500,000 RLANs
Activity Factor <0.4% for 50% of 500,000 RLANs
In the UK, the Activity Factor is generally taken as 1.97%**.
The reduction in effective transmit power would be 10 Log,(Activity Factor/100).
The FCC is of the opinion that effective transmit power should be used for interference estimates rather than peak
(maximum) transmit power.
Peak interference would “punch holes” in transported data but receivers would probably remain working.
RLANSs broadcast “beacons” at full power four times a second regardless of transmission activity.
The effect on networks of infrequent transmission peaks is not yet clear.

The effect of RLAN Activity Factor on Fixed Service operation is unknown

* 20191218_6GHz_InterferenceSimulation_final (CableLabs, Dec 18 2020).pdf
** Ofcom Report: Improving Spectrum Access for Wi-Fi / Spectrum Use in the 5 and 6 GHz Bands, 2020, Table A7.6, page 53 and Electronic Communication Committee (ECC of CEPT), Sharing and
compatibility studies related to Wireless Access Systems including Radio Local Area Networks (WAS/RLAN) in the frequency band 5925-6425 MHz, May 2019, Table 13, page 23.



FCC Licensed paths in the 6 GHz Band

(as of May 2025)
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In 2023:
Lower 6 GHz: 56,851 Simplex Paths
Upper 6 GHz: 27,348 Simplex Paths




So What Could go Wrong?

As the Commission stated in the 6 GHz Order, it “is not required to refrain from authorizing
services or unlicensed operations whenever there is any possibility of harmful interference.”*
Instead, “the Commission may authorize operations in a manner that reduces the possibility of
harmful interference to the minimum that the public interest requires.”* However, full compliance
“will not prevent harmful interference under all circumstances.”**

Clearly licensed system operators have no assurance they will be protected from unlicensed
transmitter harmful interference. They must determine their risk themselves and take
appropriate action.

*[FCC]REPORTAND ORDER AND FURTHER NOTICE OF PROPOSED RULEMAKING, Unlicensed Use of the 6 GHz
Band, Expanding Flexible Use in Mid-Band Spectrum Between 3.7 and 24 GHz, ET Docket No. 18-295 and GN
Docket No. 17-183, Released: April 24, 2020, pages 56 and 57, para. 146.

**AT&T SERVICES, INC., vs FEDERAL COMMUNICATIONS COMMISSION AND UNITED STATES OF AMERICA, On
Petitions for Review of an Order of the Federal Communications Commission (argued before the United States Court
of Appeals for the District of Columbia Circuit), No. 20-1190, Decided December 28, 2021, page 9 A.



What is a Microwave path?

A duplex digital data connection by microwave radio from one location
to another (Also called a "link" or a "hop")

Path quality is defined as Fade Margin (FM)
Interference degradation is defined as Reduced Fade Margin (RFM)*
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* Since the interference power limit and receiver noise power are directly related to transmission

bandwidth, Reduced Fade Margin results are independent of receiver bandwidth. ®



Unlicensed Transmitter Potential
Degradations to Licensed Service

1. Worst Case Peak Interference - This is the interference that can limit path availability.
This potential interference was studied extensively during the Comment/Reply phase of
the discussion prior to the initial Report and Order.

2. Area Aggregate Interference - This is interference created by the accumulation of
interfering powers from thousands of interferers in front of the victim antenna. This
potential interference was generally ighored prior to the initial Report and Order.

3. Modulation Puncture — This is potential bursts due to peak interference during operation
of high QAM adaptive modulation. This potential interference has not been studied by
others.



1. Worst Case Peak Interference

This is the worst-case interference caused by an unlicensed transmitter in front of a victim antenna.
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Worst Case Peak Interference Can Be Estimated

240 6 GHz simplex paths to be evaluated
We will use this as our example case.

Southern California Edison
Service Area

Southern California Edison (SCE) contracted with Nokia USA who subcontracted Spatial
Datalyst to analyze the risk to SCE from unlicensed transmitters to their 7104 miles of 6
GHz licensed microwave paths

11



Where are the Interfering Buildings®

Interfering transmitters are assumed to be located in the top floor of remote buildings
Areas of Interest (AOls) define the location of probable interfering buildings

The Areas of Interest are Large.

Our calculations suggest an interfering building may be up to 50 miles in distance from the victim
receive antenna and 2 miles wide.

e Licensed MW Path e } 2 Miles

= 25 Miles

= /75 Miles
<

The typical AOl is 150 square miles and contains over 100,000 buildings.

Each of these potentially interfering buildings must be evaluated.

12



Potentially Interfering Buildings

Path with significant interference potential

FS signal path from transmitter
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FS = licensed Fixed Service microwave radio
BEL = Building Entry Loss
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Terrain Must be Evaluated for Obstruction

Using the same line, create
a terrain profile by sampling
ground elevations

Calculate terrain obstruction
loss for each point along the
line

Repeat this process for
every building in the AOI
(typically 50,000)
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N
S —

Terrain Elevation

Elevation Profile (structures not to scale)
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Example Path
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Mumber of Interference Paths
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Path Evaluation Criteria

TDM Radio Transmission IP / Adaptive Modulation
Constant Degradation Incremental Degradation

Low Risk: ifallFMRs <5 dB Low Risk: if allFMRs <5 dB

Medium Risk: if some FMRs <10 dB Medium Risk: ifsome 5dB <FMRs <15 dB
High Risk: if 5dB<FMR<10dB High Risk: if 10dB<FMR <15dB
and more than 3 instances. and more than 3 instances.
or or
High Risk: if FMRs > 10 dB High Risk: if FMRs > 15 dB

BEL = Building Entry Loss. Can be between 10 and 30 dB with 20 dB typical.

FMR = Fade Margin Reduction. Higher FMR affects path availability negatively.

17



Consider using adaptive modulation to
maintain desired availability

Relationship between FMR, path availabiliy and transmission bandwidth
N
Fade Margin Reduction (FMR, dB, >=0) : (5)
Reference Modulation: 1024 QAM | 512 QAM | 256 QAM | 128 QAM | 64 QAM | 32 QAM | 16 QAM | 4 QAM
Availability (%): 99.9968 | 99.9984 | 99.9992 | 99.9996 99.9998 99.9999/99.9999| 100.0000
Data Transport (Mb/s) for 30 MHz Channel: 209 187 164 139 116 97 77 34
Data Transport (Mb/s) for 10 MHz Channel: 73 67 60 b2 45 37 30 14
Data Transport (Mb/s) for 5 MHz Channel: 35 32 29 25 22 18 14 6
(Wavence radios)
—} This chart assumes 1024 QAM is designed for 99.999% availability with no external interference. 4-—

These charts illustrate the importance of robust initial path design.

Utilizing adaptive modulation, a relatively small level of interference has only a nominal impact to
transmission capacity while maintaining path availability.
A TDM radio would have reduced path availability for entire fransmission capacity.
18



Consider using adaptive modulation to
maintain desired availability

Relationship between FMR, path availabiliy and transmission bandwidth
N
Fade Margin Reduction (FMR, dB, >=0) : 10 ’
Reference Modulation: 1024 QAM | 512 QAM | 256 QAM | 128 QAM | 64 QAM | 32 QAM | 16 QAM | 4 QAM
Availability (%): 99.9900 | 99.9950 | 99.9975 | 99.9987 199.9994 99.9997|99.9998 | 100.0000
Data Transport (Mb/s) for 30 MHz Channel: 209 187 164 139 116 97 77 34
Data Transport (Mb/s) for 10 MHz Channel: 73 67 60 52 45 37 30 14
Data Transport (Mb/s) for 5 MHz Channel: 35 32 29 25 22 18 14 6
(Wavence radios)
—} This chart assumes 1024 QAM is designed for 99.999% availability with no externalinterference. <=

These charts illustrate the importance of robust initial path design.

Utilizing adaptive modulation, even with a stronger level of interference the link still maintains significant
transmission capacity while maintaining path availability.
A TDM radio would have tfransmission availability reduced an order of magnitude for all transmission
capacity. 19



Consider using adaptive modulation to

maintain desired availability

Relationship between FMR, path availabiliy and transmission bandwidth

SN
Fade Margin Reduction (FMR, dB, >=0) : (15 ’
Reference Modulation: 1024 QAM | 512 QAM | 256 QAM | 128 QAM | 64 QAM | 32 QAM | 16 QAM | 4 QAM I
Availability (%): 99.9684 | 99.9842 | 99.9921 | 99.9960 | 99.9980]99.999099.9995 99.9999|
Data Transport (Mb/s) for 30 MHz Channel: 209 187 164 139 116 97 77 34 |
Data Transport (Mb/s) for 10 MHz Channel: 73 67 60 52 45 37 30 14
Data Transport (Mb/s) for 5 MHz Channel: 35 32 29 25 22 18 14 6

(Wavence radios)

-3 This chart assumes 1024 QAM is designed for 99.999% availability with no external interference.

These charts illustrate the importance of robust initial path design.

<=

Utilizing adaptive modulation, even stronger level of interference still maintains significant fransmission
capacity while maintaining path availability.

20



Network Wide Worst-Case FMR
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2. Area Aggregate Interference

This is interference created by the accumulation of interfering powers from thousands of interferers
in front of the victim antenna.

Previously the Institute for Telecommunication Sciences (National Telecommunications and
Information Administration, U.S. Department of Commerce) at Boulder took measurements of
urban RF levels in the 5.8 GHz unlicensed band (5.725 - 5.850 GHz).

Measurement City Urban Mean RF Reduced Fade
Date Power (dBm) Margin (dB)
1993 Denver, CO -74 20.2
1995 Los Angles, CA -64 30.2
1993 San Diego, CA -59 35.2
1995 San Francisco, CA -74 20.2

The ITS data was upscaled to a 30 MHz measurement bandwidth and a 6-foot parabolic receive antenna.

Sanders, F. H. & Lawrence, V. S., Broadband Spectrum Survey at Denver, Colorado. NTIA Report 95-321, U. S. Department of Commerce, Wash. D.C., September 1995.
Sanders, F. H., Ransey, B. J. & Lawrence, V. S., Broadband Spectrum Survey at Los Angeles, California. NTIA Report 97-336, U. S. Department of Commerce, Wash. D.C., May 1997.
Sanders, F. H., Ransey, B. J. & Lawrence, V. S., Broadband Spectrum Survey at San Diego, California. NTIA Report 97-334, U. S. Department of Commerce, Wash. D.C., December,1996.
Sanders, F. H., Ransey, B. J. & Lawrence, V. S., Broadband Spectrum Survey at San Francisco, California. NTIA Report 99-367, U. S. Department of Commerce, Wash. D.C., July 1999.
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Area Aggregate Interference

Aggregate interference may be estimated by summing all estimated interference power
10(dBm/10)
times the probability of interference channel (assumed wide band) on the licensed channel
(320 MHz / 1200 MHz)

times the (peak to average) activity factor (represented as a fraction) for a larger number of random
powers.

The FCC* (based upon a CableLabs report) suggests the activity factor should be 0.4%. This result
was an average over 24 hours. AT&T and Critical Infrastructure Industries** suggest an activity
factor of 4% would be more realistic.

*[FCC]REPORTAND ORDER AND FURTHER NOTICE OF PROPOSED RULEMAKING, Unlicensed Use of the 6 GHz
Band, Expanding Flexible Use in Mid-Band Spectrum Between 3.7 and 24 GHz, ET Docket No. 18-295 and GN
Docket No. 17-183, Released: April 24, 2020, pages 38, 45, 51, 55, 61, 62, 84 and 87, paras. 101, 121, 131, 141, 156,
161, 222 and 230.

**AT&T SERVICES, INC. EX PARTE, Unlicensed Use of the 6 GHz Band, ET Docket No. 18-295; Expanding Flexible Use
in Mid-Band Spectrum Between 3.7 and 24 GHz, GN Docket No. 17-183, January 23, 2020, page 10.
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Network Wide Aggregate Power
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Network Wide Aggregate Power
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3. Modulation Puncture

Unlicensed transmitter activity is highly sporadic. High power unlicensed transmission bursts can
cause receive radio errors (or frame losses) before the radio receiver can respond and move to a
lower level (and more interference resistant) QAM. For high level QAMs often used in adaptive
modulation, this can cause sporadic frame hits.

Moving to a lower level QAM should resolve this issue, but this condition needs to be predicted.

26



Receiver Co-Channel T/I

Increasing Received Power (dBm)

M

Co-Channel T/1 (dB)*

l—l—\

[]

I Receiver BER =106
(without interference)

Coordinated Receiver Front End Received Signal Power
Interference Noise Power At Receiver Threshold
Receiver Power

* ANSI/TIA-10-A Standard, Interference Criteria for Microwave Systems, pgs. 61 - 82, April 2023.
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QAM Required Protection

Increasing Received Power (dBm)

M

Co-Channel C/I1 =T/l - 6(dB)

l—l—\

T T

Interference Typical (unfaded)
Causing Receiver Received Signal Power
BER=10°
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Probability (%) of Modulation Puncture

Assuming worst case interference predicted in the SCE network

-25 ) 2 1 1 1 0 0

0 0 0
-30 14 11 14 2 1 1 1 0 0 0
-35 28 24 16 11 7 2 1 1 0 0
-40 42 39 32 25 16 11 7 2 1 0
-45 56 91 44 40 32 24 16 11 5 1
-50 62 58 S7 53 44 39 32 24 14 2

-55 67 65 63 59 S7 91 44 39 28 11
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A Modest Proposal*

Unlicensed transmitters can cause erratic frame losses without the receiver protecting transmission.
Itis proposed a receiver feature be added to disable the highest level bidirectional QAM under the following
circumstances:

The receiver has detected a user defined number of frame losses in a user defined time period
while the received signal level is well above threshold.

The QAM level shall be returned to operation after a user defined period of time.

Multiple QAM levels could be disabled.

* This proposal bears some resemblance to the Internet Engineering Task Force (IETF) Request for Comments
(RFC) 5880 Bidirectional Forwarding Detection (BFD) used by routers to quickly manage dual transmission paths.

31



1.

2.

Unlicensed Transmitter Potential
Degradations to Licensed Service

Worst Case Peak Interference - This is the interference that can limit path availability.
This potential interference was studied extensively during the Comment/Reply phase of
the discussion prior to the initial Report and Order.

Area Aggregate Interference —This is interference created by the accumulation of
interfering powers from thousands of interferers in front of the victim antenna. This
potential interference was generally ighored prior to the initial Report and Order.

Modulation Puncture - This is potential bursts due to peak interference during operation

of high QAM adaptive modulation. This potential interference has not been studied by
others.

The impact of the Wi-Fi beacon is as yet undetermined.
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