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CHALLENGES

133,000+ 22 Million MHz+ Finite Spectrum Finite
Licensed Paths of Spectrum Available Locations
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MICROWAVE SPECTRUM USAGE

TOTAL BANDWIDTH (MHz) COORDINATED BY YEAR
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1,000,000
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= 5.1 GHz (5925-6425 MHz): 500 MHz 5.7 GHz (6525-6875 MHz): 350 MHz

11 GHz (10700-11700 MHz): 1 GHz 18 GHz (17.7-18.14 & 19.3-19.7 GHz): 840 MHz

23 GHz (21200-23600 MHz): 2.4 GHz
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MICROWAVE SPECTRUM USAGE

LICENSED PATHS BY FREQUENCY BAND

é

=11GHz =18GHz

m23GHz =6.1GHz =6.7 GHz
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MICROWAVE PATHS IN THE U.S. — 6 GHZ BAND

Q 6 GHz Terrestrial Microwave Paths
g (Licensed, Applied and Proposed)
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Puerto Rico & US
Virgin Islands

Alaska 5 Hawaii
v Esri, HERE, Garmin, (c) OpenStreetMap contributors, and the GIS user community.
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MICROWAVE PATHS IN THE U.S. — 11 GHZ BAND

Alaska

11 GHz Terrestrial Microwave Paths
(Licensed, Applied and Proposed)

Hawaii
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Puerto Rico & US

Virgin Islands

Esri, HERE, Garmin, (c) OpenStreetMap contributors, and the GIS user community
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MICROWAVE PATHS IN THE U.S. — 18 & 23 GHZ BAND

18 GHz Terrestrial Microwave Paths
(Licensed, Applied and Proposed)
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Esri, HERE, Garmin, (c) OpenStreetMap contributors, and the GIS user. community

Alaska

23 GHz Terrestrial Microwave Paths
(Licensed, Applied and Proposed)
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Esri, HERE, Garmin, (c) OpenStreetMap contributors, and the GIS user community.
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SOURCES OF INTERFERENCE

Satellite

Earth
Station




FREQUENCY PLANNING | INTERFERENCE MITIGATION METHODS

CONSIDER
MAXIMIZE FREQUENCY / TAKE ADVANTAGE

TERRAIN OPTIMIZE POLARIZATION OF AUTOMATIC
BLOCKAGE HI-LO PLAN OFFSET POWER CONTROL

[ RESERVED ]

i

6 GHz

[

TRY DIFFERENT / EXPLORE COORDINATED
MULTIPLE ANTENNA CHANNEL
FREQUENCY BANDS UPGRADES RELINQUISHMENT

o omsearch
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FREQUENCY PLANNING| FREQUENCY SELECTION
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Freq Plan - J1 | 11225.0000 | 11265.0000 | 11305.0000 | 11345.0000 | 11385.0000 | 11425.0000 | 11485.0000 | 11505.0000 | 11545.0000 | 11585.0000 | 11625.0000 | 11665.0000

= Clear by line of sight (LOS)
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= Doesn’t meet interference objective = e
s |usv-ss8 X B | x ||| X% | B ALAC IR 1B W
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= Co-channel bucking

Freq Plan - Q1| 10735.0000 | 10775.0000 | 10815.0000 | 10855.0000 | 10895.0000 | 10935.0000 | 10875.0000 | 11015.0000 | 11055.0000 | 11095.0000 | 11135.0000 | 11175.0000
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FREQUENCY COORDINATION AND LICENSING

Coordination Area
keyhole within 5 degrees
of antenna main beam azimuth

Coordination Recipients
licensed, applied and proposed microwave
and earth station systems

Frequency | Radius Keyhole
(GHz) ) (mi)

<15 125 250

>15 80 150
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LOOKING FORWARD CHALLENGE

How do we continue to increase path density
and throughput as environmental congestion
gets worse?

o comsearch
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POSSIBLE SOLUTIONS

v v v/ v
Wider Improve Increase Revise
Channel Antenna Bit ATPC
Bandwidths Standards Efficiency Rules

v/

Seek Out /
Share New
Spectrum

o comsearch



grcomsearch. CURRENT STANDARDS

W company

Largest Channel Smallest Antenna

Band (GHz) MH2) )
< I O A
6.7 30 3
BANDWIDTHS

18 80 1
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grcomsearch. PROPOSED STANDARDS

W company

Largest Channel Smallest Antenna
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« 23 GHz has the most spectrum allocated
@ but is the least used of the core bands
— 6,300 links

— 2.4 GHz total bandwidth
— 82% of channels are in one half of the band

WIDER CHANNEL
BANDWIDTHS -

23 GHz « Consider dissecting the lesser used portions
of the band to allow 200 - 300 MHz wide

channels
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Pattern Comparison: 5925-6875 MHz, 38.8 dBi Gain

IMPROVE ANTENNA
STANDARDS

AT N

60 / \
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/ \

Discrimination (dB)
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o O

-180 -150 -120 -90 -60 -30 O 30 60 90 120 150 180
Angle (deg)

—FCCCat A ——FCC Cat B1 —ETSI Class 4 —JSX6-6W
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IMPROVE ANTENNA
STANDARDS

Larger Dishes
VS
Increased Power
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DESIGN CONSIDERATION

Tendency to use higher power radios with
smaller antennas to meet availability
objectives

Users favor small antennas for expense,
tower loading, etc.

Issue: Greater off-axis EIRP than using
larger antennas with lower transmitter power

Can reduce spectrum reuse



grcomsearch. DESIGN CONSIDERATION
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EIRP for Equal Fade Margin
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\VAS -180 -150 -120 -90 -60 -30 O 30 60 90 120 150 180
Increased Power Angle (deg)
= |JSX6-6W (38.8 dBi) Antennas + 27.6 dBm Transmitter = SHPX3-6WB (33.6 dBi) Antennas + 38 dBm Transmitter
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INCREASE BIT
EFFICIENCY

Present FCC efficiency requirements up to
4.4 bps/Hz

Current radios use ACM profiles > 8 bps/Hz
(4096 QAM)

Industry may recommend, FCC may require,
efficiency 6 bps/Hz or greater

Emphasis on improved efficiency for wider
channels



« Use of high-order modulation profiles may
require ATPC to react with only shallow path
fading

« New NSMA Recommendation WG3.25.013
REVISE ATPC “Additional Method to Demonstrate
RULES Compliance with ATPC Time Percentage
Guidelines™ enhances possibility of ATPC
advantage for shallow fade depths
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Future Spectrum Possibilities
 Remove non-BAS restrictions on 6875 — 7125 MHz
 Remove narrowband language where it makes sense

« Sharing with Federal Fixed Service links

— 8 GHz: 7750 — 8500 MHz
— 15 GHz: 14.5-15.35 GHz

SEEK OUT/SHARE « Higher Frequency Bands:
NEW SPECTRUM — W-Band: 92 — 114.25 GHz (non-contiguous) "
— D-Band: 130 — 174.8 GHz (non-contiguous)
il N I BH_ I S e
92GHz 114GHz 130GHz 174.8GHz

[11 92 — 94 GHz and 94.1 — 95 GHz already allocated in Part 101 subpart Q
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Gregory Macey
Manager, Microwave

gmacey@comsearch.com

www.comsearch.com
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