20" Global Symposium for Regulators (Virtual Event, 2020)
The Regulatory Wheel of Change: Regulation for Digital Transformation

USTTI ITU Webinar: Behind the scenes look at emerging technologies
27-28 August 2020

Online

This PDF is provided by the International Telecommunication Union (ITU) Library & Archives Service from
an officially produced electronic file.

Ce PDF a été élaboré par le Service de la bibliotheque et des archives de I'Union internationale
des télécommunications (UIT) a partir d'une publication officielle sous forme électronique.

Este documento PDF lo facilita el Servicio de Biblioteca y Archivos de la Unién Internacional de
Telecomunicaciones (UIT) a partir de un archivo electrénico producido oficialmente.

ilo (o a5 (ITU) dlaisl Joall sbidl § oliganelly &Sall e (o dosio (PDF) dgigyiIgl &uill oin
Leowsy 53lo o8]

A PDF FAS PR L AS R (ITUD IS PR S e 5 s J it KU I 30 R Ay 3 34 F

Hacrosmmii haiin B hopmare PDF npenoctaBieH 6MOIMOTEUHO-apXUBHON CITy>K00H MeXIyHapo HOTO
coro3a atekTpocss3u (MCD) Ha ocHOBe 0(HUIMATIBHO CO3JaHHOTO 3JIEKTPOHHOTO (aiiia.

© International Telecommunication Union



Dynamic Spectrum
Sharing

Dr. Sibel Tombaz
Head of 5G High-band and Active Antenna Systems
Ericsson

\\



\

Key building blocks to realize 5G vision
“One network for multiple use cases & industries”

Capacity Latency
.. Coverage
& peak speeds & network slicing
Massive IoT Z\ ¥ “Crit] dl-i(@;T
s—— %)

™9

Fixed Wireless
Access’

New spectrum bands Low band 5G
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A complete 5G RAN network

An integrated high -performance network for all uses cases including MBB, FWA and Enterprise

5G Stand Alone plus...

1. Low-band for nationwide
coverage & indoor penetration

Mid-band for coverage &
capacity in metro areas

mmW for targeted high
capacity areas & services

All connected to a next gen 5G
Core with full automation,
exposure and service assurance

Low-band nationwide Mid-band metro mmW dense urban

capability

Fully coordinated multi-layer network for best performance and best flexibility to secure service differentiation

Sibel Tombaz | 2020-08-25 | Dynamic Spectrum Sharing | Ericsson Confidential | Page 3 of 21
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NR low band provides more than “nation-
wide 5G coverage”

Race to I NR vs. LTE:
1 I Peak Data Rate ( ) Mbps

Nation-wide ° SpeCtrC” NR Spectral Effici Gain (%) over LTE s Hij
: V igher rum
NR Efficiency & gher Spectru

Coverage o PY

‘SG = / Utilization

Latency

= More Flexible
Overhead (CCH, RS)

= Lower Latency

Software update 2 wide area coverage

Boost mid Stand-alone Dual mode core
and high coverage 5G EPC + 5GC = Low latency and
band secured with _ ; . network slicing
coverage 5G FDD Option 1 Option3 Option 2
with Carrier «ll Mid-band bands = Explore new use
Aggregation \l/ Reduced cases

Low FDD band network

ow ands ; .
with ESS complexity &&& = Voice over NR on
FDD bands

LTE LTE/NR NR
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1in 4 people in United States will switch for 5G

Share who would switch operator if their own operator does not switch on 5G and
somebody else does in the market

0% 10% 20% 30% 40% 50% 60%
Total

India

China

Indonesia

Brazil

Saudi Arabia
Thailand

United Arab Emirates

1in4

Argentina In United States would
Ttaly switch mobile broadband
ores provider within 6 months if

South Korea

Germany their own operator didn't
Ireland

United States o offer 5G.
Australia
Canada
Finland

United Kingdom 1 i n 1 @

Sifge;g;gr"; m [ would change immediately
Uruguay = I would wait maximum 6 months and then change would change immediately

Base: Smartphone users aged 15-69
Source: Ericsson ConsumerLab 5G Potential Study, May 2019
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Migration to Stand-Alone

Maximize network spectrum efficiency with Dynamic Spectrum Sharing

% of subs who access TDD
Mid-band

Dual Connectivity ! NR on mid-band TDD

NR/LTE on low-band FDD
with Ericsson Spectrum
Sharing

NR mid-band coverage baseline

1
. Dual Connectivity +9dB
1
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Migration to Stand-Alone

Maximize network spectrum efficiency with Dynamic Spectrum Sharing

7 of subs who access TOD
Mid-band

Carrier )
Aggregation NR on mid-band TDD

Ericsson innovation -
e5 interface

UL/DL ctrl l

NR/LTE on low-band FDD
with Ericsson Spectrum
Sharing

(‘I‘I’)

NR mid-band coverage baseline

Inter-band NR
Carrier Aggregation
+13-16dB
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Migration to Stand-Alone

Maximize network spectrum efficiency with Dynamic Spectrum Spectrum Sharing

Baseline - without DSS With DSS

TDD bands (3.5 GHz — 6 GHz) S ——
FDD Mid bands (1 GHz — 2.6 GHz) I t
Low bands (sub —1 GHz)

3.5GHz Extended Higher DL
Coverage User Throughput

Thanks to CA with FDD bands 3.5GHz BW available to more UE’s

Nationwide 5G Standalone
coverage Ready

Switch on 5G with SW upgrade SA low latency via SW upgrade

Sibel Tombaz | 2020-08-25 | Dynamic Spectrum Sharing | Ericsson Confidential | Page 8 of 21



Ways to enable 5G on FDD
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Dynamic Spectrum Sharing

What is Dynamic Spectrum Sharing

 Introduce 5G in existing 4G bands without
hard/static refarming spectrum

« Smooth and fast migration
» Lowest TCO for 5G introduction

 Shared infrastructure+ Spectrum

Sibel Tombaz | 2020-08-25 | Dynamic Spectrum Sharing | Ericsson Confidential | Page 10 of 21
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Dynamic Spectrum Sharing
How does it work

(Il -
0 0 ¢ ¢
<

4G/5G BB

Ericsson Spectrum Sharing dynamically allocates spectrum
allocation to 4G and 5G based on instantaneous traffic in the cell

Frequency (RE)

28

|\
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Impact of static versus dynamic spectrum sharing

Dynamic Spectrum Sharing
Spectral Efficiency Gain
4 // Legacy LTE UE NR UE cGﬁaeﬁffﬁﬂfﬁé’fﬁfﬁﬁ‘fiﬂifmf pss

( Radio o
4G/SGBBJ1/ l l > | 6%
_6 00

Static Sharing Instant Sharing
LTE 15 MHz LTE 5 MHz NR 18 MHz LTE15MHz NR 15 MHz
No Sharing — LTE only LTE/NR Static L TE/NR Dynamic
Spectrum Sharing Spectrum Sharing

Dynamic Spectrum Sharing will allow “soft” re-farming
to NR with minimal impact to LTE performance
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Dynamic Spectrum Sharing
Stepl: Solve the puzzle

\

— In LTE-NR spectrum sharing two RATSs share the same

20

spectrum

— An “empty” LTE cell (an LTE cell without user data) is

40

not really empty

— NR provides some tools to solve this “LTE-NR signal 60

puzzle” but does not give the “recipe

80

— Ericsson spectrum sharing provides tools and

configurations to avoid collisions between LTE and NR

100

signals.

14 28 42 56

LTE EEESISESPRE:eLN PDCCH CRS
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Dynamic Spectrum Sharing

StepZ2: Dynamically allocate the remaining PRBs to LTE and NR User
| B = S =iE
== EEE S == ==
— In mixed-mode baseband configuration, Ericsson unique E ==
interface will be used to ensure coordination between o B e == : ==
LTE and NE schedulers =
— Objective 'E ==
To maintain inter-RAT fairness, compare scheduler or RB priorities E: % =
Could follow all rules of both RATs and produce best possible 7 - % :
outcome Ei
(( I Frequency

. . . L)
Legacy LTEUE  NRUE

M4G m5G Time
Sibel Tombaz | 2020-08-25 | Dynamic Spectrum Sharing | Ericsson Confidential | Page 14 of 21
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¢ 4 . s H ional Connect Z D S "G Ch rll Regional Connect Z
Ericsson Spectrum Sharing will revolutionize h&W# = SSa“Game Change =
operators deploy new technologies starting from 5G! QUALCOMM5GSUMMIT 2019

Swisscom Taps Ericsson Spectrum Sharing ’
Software to Achieve Nationwide 5G Coverage |
COMARCH o l
<] Y ® o oM n
walc eC
Q ne 'S Y
| Dynamac spectram shanng &= key to Venzoa's %G stoategy
- T
Blog: Why is operator interest in DSS on the rise?
[l v—e_me] ¢ - [
_ I
FierceWireless Ericsson’s dynamic spectrum sharing capabilities in our view give it a e\ JgenlLals
fovmaspd bl competitive advantage. We see this functionality as allowing telcos to save mc!.gs':t‘*“ﬂx‘
= substantially on costs related to spectrum usage. This helps telcos manage the w
Marek’s Take: Dynamic spectrum sharing may change the transition to full 5G in a cost effective manner, given that they do not have to buy Quakemm president speaks obout Dynamic Spectrum Shering:
5G deployment game | 7 new spectrum bands right away to make use of 5G ready equipment, but rather can ™~ hitos://erlcsson.shorepoint comysites/POL_LTE PLM Colloboration/compe
leverage bands that might otherwise have been used for 4G. Go/dman Sachs ‘QZN;']:“”!:E,??LM:NfLe,:\ffs:f,,,,m 5SS Demo 28191815.mpd
2020-63-17 | ESS Overview | Commerciat In Confidence | Page 15 Lt ) SRR L Oe e £l
World's first ESS call is achieved! Big breakthrough for wireless Regional Connect =

communication!

Breakthrough 5G data call using dynamic
spectrum sharing to accelerate
nationwide 5G deployments

Cost-effective and efficient solutions that enable a smooth transition from 4G
to 5G have been part of Ericsson and Qualcomm Technologies’ pioneering 5G
approach from day one. With Ericsson Spectrum Sharing and Qualcomm®
Snapdragon™ 5G Mobile Platforms, service providers can tap spectrum
currently used for 4G to launch nationwide 5G coverage with a simple
network software upgrade.

5 Networls  Sfyromcpectumshaneg ndtiorecete

https://www erxssoncom/en/news/2015/9/ /encsson-spectrym-sharing

2029-03-17 | ESS Overview | Lommeroa in Lonl ce | roge 1o

Swisscom - 1%t nationwide 5G coverage with 2100MHz (BE¢#T)FISt =

| First over-the-air ESS data call, Oct-31 |

| First intercontinental ESS data call, Nov-29 |

Propelling Swisscom 56
network-widelaunchto

provide »98% population
coverage end of 2019!

Key milestone for 5G nationwide with Swisscom
— Shared NRand LTE 2188MHz FDD carrier
— Qualcomm Snapdragon X5510DT device
—  Ericsson Dynamic Spectrum Sharing SW

Industry-unique, Ericsson/Swisscom innovation and

partnership for technology and performance
leadership

2023-43-17 | ESS Overview | Commeroial In Confidence | Poge 16

ESS connects 5G networks and devices from 2 continents

— Connects5G dotacall between Bern, Switzerlond & Gold
Coast, Australia

— Astepclosertocommercial Dynamic Spectrum Sharing
SW deploymentin the end of 2019

Partnership between Ericsson and industry leaders

OPPO, Qualcomm Technologies, Swisscom and
Telstra




GLOMO awards 2020

CTO Award & Best Mobile Technology Breakthrough Award for ESS

* Ericsson solution won the Overall Mobile Technology Award,
also known as the CTO Award as well as Best Mobile
Technology Breakthrough Award for this innovation due to
large contribution to the wireless industry

“What I love about it is that it will allow us to transition from one
technology to another utilizing the same spectrum band. This has
not been achievable until now,”

“This is a powerful enabler that will help accelerate the rollout of 5G
by maximizing the re-use of existing hardware, thus saving costs
while avoiding disruption to customer service, and helping to speed
time to revenue for both telcos and customers.”

Sibel Tombaz | 2020-08-25 | Dynamic Spectrum Sharing | Ericsson Confidential | Page 16 of 21
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Dynamic Spectrum Sharing

The power of “5G Switch”

Swisscom

90% pop coverage is achieved,
Dec. 2019
: ﬁ#’?ﬂ“" Rl "fw“' ,,,F |

‘\

Jesancon
oo

" ESS is key for a fast adoption of 5G. It's a win-win approach
for customers and operators. Customers benefit from 5G in no
time and operators use their precious spectrum in the most
efficient manner. We are proud to have been part of the ESS
journey from the very beginning. In the meantime, we already
reached nationwide coverage with 90 percent of the
population with 5G.” Christoph Aeschlimann, CTO of
Swisscom.

(Allgau)

Vodafone Ziggo
o . .
80% pop coverage is achieved,
April 2020
A"
Leeuwarden Groniongen
At
[ A28 ]
=N
Allg
o r
Amsterdam (225 L=
= =
«
h Netherlands
The Igague agnpiern f'\‘/
Rotteordam [Aa= Q/S*G‘/\/ 4
Az 3 [ra:]
: '\\ Dc
<1#/1\/25|ndgoven , Esaeno
Jge)s;r\, ~ Antwerp RN } Disseldorf
S T 43 © e
Ghoent =a 2
L-EIEH Bru%sels #ﬂl% ak Colggne
= Fisnk iAachen B%nr

"We are introducing 5G via 'spectrum sharing' in
our GigaNet. For example, customers in the
Netherlands can already experience the latest
mobile generation, because 5G is an evolution

that opens doors to new possibilities”

Jeroen Hoencamp CEO of VodafoneZiggo.

Sibel Tombaz | 2020-08-25 | Dynamic Spectrum Sharing | Ericsson Confidential | Page 17 of 21
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SmarTone

70% pop coverage is achieved,
May 2020

Network Coverage

Malls/Commercial towers
Highways

"Riding on its powerful LTE network and Ericsson’s
industry-leading Dynamic Spectrum Technology (DSS),
SmarTone’s 5G network features a speedy rollout with the

widest coverage across Hong Kong and a seamless
transition between 4G and 5G. This can ensure a stable and
smooth user experience and longer smartphone battery
performance” SmarTone news release
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Sharing for the best performance

A better way
Dynamic to build 5G

*  Re-use of spectrum

Spectru m *  Re-use of installed base
Nalelg ng *  Re-use of sites

Realize 5G vision Take the full

Highest spectrum efficiency d dVCI nt(] g e
Fastest — 1ms 5G/4G

spectrum sharing
Full eco-system support

5G wide area coverage

Boost coverage and capacity
with CA

Smooth migration to
standalone 5G

Sibel Tombaz | 2020-08-25 | Dynamic Spectrum Sharing | Ericsson Confidential | Page 18 of 21
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Federal
F@ Communications
Commission

Spectrum Planning at the FCC and
Emerging Technology Topics

Office of Engineering and Technology

USTTI
August 27, 2020

Note: The views expressed in this presentation are those of the author and may not
necessarily represent the views of the Federal Communications Commission



FCC FAST Plan

 FCCis pursuing a comprehensive
strategy to Facilitate 5G Technology

(the 5G FAST Plan)

 The Chairman's strategy includes

three key components:

— (1) pushing more spectrum into the

marketplace

— (2) updating infrastructure policy

— (3) modernizing outdated regulations

The FCC’s SG FAST Plan

Under Chairman Pai, fhe FOE s purwsing 2 comprebensive strabogy o Faciltate America's Superiority in 4G
Teckaclopy (e Gnmm Tha Chamas's ey nchde e ey compontes: (1) subin s
spectum to the policy; asd (3 od regulations.
Spectrum

The FOC is taking action to make additional spectnom available for 5G services
*  High-bard: Tha FCC has made auctioning high-band, millimater-w e spectru 2
s Tn

B ww\naama pcc\‘.mmhab'mml taget fir § amampm. Wakunoed covicags ad
oy chasacteiticn ke 2.5 GHz, 3.9 GHs, ad 1.7-4.2 Gz bands, we could
nnknw 844 m phutz n]-'blnﬁwiﬁdnpﬂmmu
+ Low-band The FCCis mplvﬂm(oﬂwhndpcﬂmmu!ﬁiﬂwwﬂ coverage) for 3G
erecen i sratad hamgon 5o o 600 M, S00 M st 300 AEi b
+  Unlizensed Rasopuizing that unlicensed spectrum will be important for £G, the agency is creating sew
opportunities for the met generation of Wi-Fi in the § GHz and ahove 93 GH band.

Infrastructure Policy
The FCC is updating infrastructare policy and encouraging the private sectos to invest in $G networks
. Mﬂn{mﬂﬂm&&uﬂmh?ﬁtwuwwnﬂ that will rediuce federal

requlatcry i azall-cal Eeeded for 5G (a1 oppored to larg
cell towers) ate halp to expand the reach af 36 for faster, more reliable wireless service.
Speeding Up Soare and Local Bevies of Small Celli: The FOC has reformed rules designed decades ago
to aeoommnedate waall cells. The reforms ban shor-sighted musicipal readblocks that have the effecs of
psmmd..uv_.mof.cm: e states and bocalities a reasonable deadling bo approve of
v smallecell siting applications.

Moderniring Outdated Regulation:
Tha FCC is modemizing cutdated regulations to promots SG backiaul and digital oppostusity for all Amaricass,

Bassoring Insernat Frosdom: To lead the world aGdul.mndSrz seads 1o amsourage investment
and izovation while protecting Internet openness and fresdom. The FCC adopted the Reztoring.

Intermat Fresdom Order, which sats 2 consistest wtional poley for Tatemat ot providers.

Tha FE‘C]ul pi.\ﬂldmnu the Mtachmant of new network
I and speed up the process for G backhau] deployment.

Omg-Touch Maky-Eoody:

equipment ta utility

Spesding the IP Transiricn: The FOC has revised its rules to make # easier for companies to invest in

nen.gemeration networis and wrvices insead of e fading sermerks of n o past

entiize mrent & edﬂﬂb«mmi the FCC updated

My bifting rate agulation whvere appropriah

- Ssanple Chain [ngegrity: The FCC has propased to prevest taxpayer dollars fmm'h-m.uud ko
equipaent of Wit Som compasies that poie 3 sational vecunty theeat to the mtepnity of Ameican

ks ox th supply chazm.

"Forward-thinking spectrum policy, modern infrastructure policy, and
market-based network regulation form the heart of our strategy for realizing

the promise of the 5G future.

" - FCC Chairman Pai




Mid-band:

Unlicensed

FCC Spectrum Actions for 5G Use

High-band.

28 GHz band auction (27.5 GHz —28.35 GHz; 2 x 425) Completed January 2019
24 GHz band auction 103 (24.25 — 24.45; 25.25 -25.75 GHz; 7 x100) Completed May 2019

37 GHz, 39 GHz, and 47 GHz (concluded auction 103 March 2020, largest in American history,
releasing 3,400 megahertz of spectrum into the commercial marketplace )

Working to free up additional 2.75 gigahertz of 5G spectrum in the 26 and 42 GHz bands

2.5 GHz, 3.5 GHz, and 3.7-4.2 GHz bands

Targeted changes to 600 MHz, 800 MHz, and 900 MHz bands to improve use of
low band spectrum for 5G services

Creating opportunities for Wi-Fi in the 6 GHz, 61-71 GHz and above 95 GHz
bands; also taking a fresh and comprehensive look at the 5.9 GHz (5.850-5.925
GHz) band that has been reserved for use by Dedicated Short-Range
Communications (DSRC)



https://www.fcc.gov/auction/101
https://docs.fcc.gov/public/attachments/DOC-353228A1.pdf
https://docs.fcc.gohttps/docs.fcc.gov/public/attachments/DOC-353229A1.pdf
https://docs.fcc.govhttps/docs.fcc.gov/public/attachments/DOC-351388A1.pdf
https://www.fcc.gov/document/fcc-seeks-transform-25-ghz-band-nextgen-5g-connectivity
https://www.fcc.gov/document/fcc-acts-increase-investment-and-deployment-35-ghz-band-0
https://www.fcc.gov/document/fcc-proposes-expand-flexible-use-mid-band-spectrum
https://www.fcc.gov/document/fcc-proposes-expand-flexible-use-mid-band-spectrum
https://www.fcc.gov/document/fcc-proposes-expand-flexible-use-mid-band-spectrum
https://www.fcc.gov/document/auction-1002-long-form-applications-granted-3
https://www.fcc.gov/general/800-mhz-spectrum
https://www.fcc.gov/document/900-mhz-notice-inquiry
https://www.fcc.gov/document/fcc-proposes-more-spectrum-unlicensed-use-0
https://www.fcc.gov/document/fcc-proposes-open-spectrum-horizons-new-services-technologies

Spectrum Management

* Decisions should consider
— Efficient spectrum use
— Interference protection
— New technology introduction

— Harmonization

* And consider spectrum sharing

— where risk of interference is minimal or uses
are compatible and can be coordinated
* Frequency separation - power and emission limits
* Geographic separation — coordination zones
* Power deltas — non-restricted bands
* Time separation — manage authorized emitters



TV Incentive Auction (600 MHz)

TV Broadcast Ten Phase Transition Plan

Paired Spectrum Specfrum Mobile Downlink Mobile Uplink

Blocks Repurposed

T8 (N 2|\20(24(226|228(29(30]30|323(43%|% 700 MHz UL

Avdailable for White Space

Devices
Licensed _  Unlicensed _
—i" Mies © ° Microphones ™
e o
Transition Schedule S § k=
_5_;_ = 6 megahertz | =
E = WSD ~
April 13, 2017: FCC Released Construction Permit Filing Window =
Incentive Auction Closing and " 1 i
Channel Reassignment Public Notice Gonstructlon Femytiing +— 11 Megahﬂ'tz e
B Planning & Construction
FCC luly 12, 2017 B Testing Period
M Phase Completion Date
September 14, 2018
Phase 1 R -+ 02 Orders & NPRMs
Phase 2 I
Phase 3 _ June 21, 2019 s Expanded Reimbursement for LPTV/Translator/FM Report and Order (March 15, 2019)
# Expanded Incentive-Auction Reimbursements NPRM and Order (Aug. 3, 2018)
Phase R <
: # 2017 Channel Sharing Report and Order (Mar. 23, 2017)
Phase 5 Iy sevtemoer 6. 2013 ® White Space Push Notification Waiver (Dec. 23, 2016)
Phase 6 _ October 18, 2019 ® | PTV Report & Order and Further Notice of Proposed Rulemaking (Dec. 17, 2015)
Phase 7 R 0 ® IS Third Report & Orcer (Oct. 26, 2015
1 » Commencing Operations Report & Order (Oct. 22, 2015)
Phase 3 _ Marehds 2020 # Channel Sharing Second Order on Reconsideration (Oct. 21, 2015)
Phase 9 I s 220 ® Vacant Channel Notice of Proposed Rulemaking (June 16, 2015)
Phase 10 I s e * Part 15 Report & Order (Aug. 11, 2015)
41317 4/13/18 4/13/19 a/13/20 # Wireless Microphone Report and Order (Aug. 11, 2015)
# Mobile Spectrum Holdings Order on Reconsideration (Aug. 11, 2015)

# Updating Part 1 Competitive Bidding Rules Report & Order (July 21, 2015)
# Channel Sharing Reconsideration and Notice of Proposed Rulemaking (June 12, 2015)
J u Iy 2020 , FCC An nounces Re paCk Of TV ® |ncentive Auction Second Order on Reconsideration (june 19, 2015)

# [SIX Second Report & Order (Oct. 17, 2014)

Statlons from thelr pre'aUCtlon Channels haS # Updating Part 1 Competitive Bidding Rules Notice of Proposed Rulemaking (Oct. 10, 2014)
been SUCCGSSfU"y Completed, Spectru m # Mobile Spectrum Holdings Order (June 2, 2014)

# |ncentive Auction Report & Order (June 2, 2014)

Open for W| releSS after 39 months ® |ncentive Auction Notice of Proposed Rulemaking (Oct. 2, 2012)




White Spaces

Concept:
— Data base of protected areas
— Device contacts data base

— Device operates on permitted
frequencies

Permitted in 600 MHz TV band

Channel 37 acts as guard band
between mobile systems and
broadcast stations

— No additional guard band
for use by white space
devices

See https://lwww.fcc.gov/general/white-space

- Key Bridge
- LSTelcol

>

6--

Rural example

Can leverage schools, libraries, In rural America white spaces signals
or other anchor instiwtions with can trevel over long distances,
high-capacity connections to panetratz natural and man-mads
provide brosdband solutions. obstacles, and cover communities.

See https://www.microsoft.com/en-us/
airband/technology


https://www.fcc.gov/general/white-space
https://www.fcc.gov/general/white-space
https://www.fcc.gov/general/white-space

White Space

* Further Notice of Proposed
Rulemaking (February 2020)

Seeks comment on:
— Higher radiated power in rural areas
—  Examining permitting higher-power WSD operations on 15t adjacent TV channel
— Increasing HAAT limit for fixed WSD operation to 500 Meters in rural areas

J.T)
— Adjusting rules to support narrowband loT A

—  Permitting geofenced fixed WSD operations and fixed WSD operations on movable “\Ns Q

platforms within geofenced areas

e March 2019 — R&0O & Order on
Reconsideration:

— Regquires all fixed white space devices to incorporate geolocation capability and
automatically transmit to database
. External source permitted

@

Database

*  Antenna height still permitted to be entered manually
—  Clarifies that device operator is responsible party

* Improve the accuracy and reliability of the white space databases
— Increased antenna AGL from 30m to 100m in rural areas
— Resolves certain outstanding white space reconsideration issues



700 MHz & 800 MHz

H FirstNet 800 MHz Re-banding

See https://www.fcc.gov/general/
800-mhz-spectrum

https://www.firstnet.gov

Nationwide broadband network for first responders Vepa o
Commercial
758 768 775 788 798 805
| | | | | |
Public Safety Allocation Public Safety Allocation ) = 700 iz and Band .
,
Commercial Allocation
Broadband G | Narrowband Broadband G| Narrowband
B B
~
Ch62 ‘ Ch 63\L Ch 64 | Ch 65 ‘ Ch 66 Ch67 ‘ Ch 68 ‘ Ch 69 Mobile and Contro
758 764 770 776 782 788 794 800 806 808 809 824
NPSPA o
--------------- N Lo
¢ FirstNet :

i License

» Over 600,000 device connections being used by more
than 7’250 pUb“C Safety agenCieS POST-RECONFIGURATION BAND PLAN

» All 50 states, five U.S. territories and Washington,

D.C.. have “opted in’ * 800 MHz re-banding near completion after many

years
* Small number of systems need retuning near shared
border with Mexico

* 29 licenses in Texas,
* 14 in California and
 2in New Mexico



900 MHz Realighment

Notice of Proposed Rulemaking
adopted
March 2019

Proposes to realign the 896-
901/935-940 MHz Band

3x3 MHz Private Enterprise Broadband
(PEBB)

Relocate site-licensed business/Industrial
land transportation licensees to 1.5
megahertz and 0.5 megahertz segments

Voluntary license exchange process;
alternatively an overlay or incentive
auction

Under voluntary process, PEBB licenses
would be limited to existing licensees
holding all 20 geographically licensed SMR
blocks

Technical rules include definition of
unacceptable interference (modelled after
800 MHz rules)

933.0

935.0
941.0

o
=3
3

MAS |
NOI - WT 17-200

Air T g

A B/ILT - SMR NB PRIVATE ENTERPRSE BROADBAND | 3|cn

Ground 117 Site Channels 3X3 MHz - CMA & Counties l 200k

} |l |

L T I
Communication

e o =] =] =] =) =] ©
p:S & > 4 2 g 2 S
o el @ a0 o S 8 S

L ]

900MHz B/ILT - SMR BAND

~500 existing B/ILT licenses with ~ 2700 sites



1300 — 1350 MHz

The band 1300-1350
MHz is used by Federal
agencies for operating
various types of long-
range radar systems that
perform missions critical
to safe and reliable air
traffic control (ATC) in
the national airspace,
border surveillance,
early warning missile
detection, and drug
interdiction. FAA is
studying under
Spectrum Research
Fund

Spectrum Efficient National Surveillance

Radar (SENSR)

The Spectrum Efficient National
Surveillance Radar (SENSR) is a cross-
agency program formed by FAA and
three other partner agencies to assess
the feasibility of vacating and auctioning
a band of Government-owned radio
frequency valued in the billions of
dollars. Proceeds from the auction will
be used to finance the deployment of a
new system to meet the needs of all
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four agencies, providing surveillance for air traffic, weather, law enforcement, and
national defense. The three partner agencies include Department of Defense
(DoD), Department of Homeland Security (DHS), and the National Oceanic and
Atmospheric Administration (NOAA). In August 2018, NOAA removed a key
weather requirement and largely withdrew from the program, remaining in an

advisory role.

SENSR is currently assessing the technical solutions, which will culminate in an
investment decision in 2021 in support of the 2024 auction.

See: https://www.faa.gov/air_traffic/technology/sensr/




1675 —-1680 MHz

WEATHER WATCHERS

The US government’s Geostationary Operational Environmental Satellite (GOES) system monitors atmospheric and
surface conditions in the continental United States — collecting data that power the country’s weather forecasts.

',’ GOES-West 9 GOES-East
&

137° West Raw instrument data ‘Rebroadcast” data % 75° West

" ) Includes measurements Transmitted for use in
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f across 16 spectral bands, aviation, commercial
from visible to infrared, weather media, energy — -
plus data on lightning anyee / ]
tspace weather. ind

NOAA satellite Remote backup facility Wallops command and Non-NOAA users
operations facility Fairmont, West Virginia data-acquisition station Capture GOES data
Suitland, Maryland Secondary data Wallops, Virginia for emergency
Processes data and receiver Primary location for management and

produces weather forecasts receiving GOES data weather forecasting
(*Green highlighting added by counsel to show components not affected by sharing of 1675-1680 MHz) enature

President’s FY2020 budget
proposed that the Commission
“either auction or use fee
authority to assign spectrum
frequencies between 1675-1680
megahertz for flexible use by
2020, subject to sharing
arrangements with Federal
weather satellites.”

The 1675-1680 MHz band is
currently used for weather
forecasting services.

* NPRM adopted May 2019

* Proposes to reallocate the 1675-1680 MHz band on a co-primary basis for terrestrial
fixed and mobile (except aeronautical mobile) use on a shared basis with existing

federal users.

* Seeks comment on how to implement a sharing framework that would create
opportunities for commercial operations in this band while also protecting incumbent

federal users




2.5 GHz (2496-2690 MHz)

Constitutes largest band of contiguous spectrum below 3 GHz

— Prime spectrum for advanced mobile, including 5G
— Home to Broadband Radio Service (BRS) and Educational Broadband Service (EBS)

Band Plan for the 2.5 GHz spectrum in the US

1 MHz guard band Y EBS (site licenses)

EBS Licensed Areas

Report and Order adopted July 2019:
— Priority filing window for rural Tribal Nations to address community needs
— Remaining unassigned spectrum to be made available via auction
— Auction a 100-megahertz and 16.5-megahertz block on countywide basis
— Construction deadlines — 4 year interim; 8 year final
— Eliminate eligibility and usage restrictions; as well as leading restrictions
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— All in-force private agreements remain unaffected



3100 - 3550 MHz Band

e Mobile Now Act

By March 23, 2020 requires a report
evaluating the feasibility of allowing
commercial wireless services, licensed or
unlicensed, to share use of the frequencies
between 3100 megahertz and 3550
megahertz.

e NTIA Action

Identified 3450-3550 MHz band for study
as having greatest potential for
repurposing

e FCC Action

December 2019, NPRM proposes to
remove the existing non-federal secondary
radiolocation and amateur allocations in
the 3.3-3.55 GHz band and to relocate
incumbent non-federal operations out of
the band

February 2019, Public Notice issued a
temporary freeze on applications for new
or expanded Radiolocation Service
operations in the 3100-3550 MHz
frequency band.

NTIA Identifies 3450-3550 MHz for Study as
Potential Band for Wireless Broadband Use

February 26, 2018 by David J. Red!, Assistant Secretary for Communications and [nformation and NTIA
Administrator

Americans rely on broadband Internet access to stay connected, to conduct business, to
interact with the government, and for entertainment. Our nation’s broadband needs are
increasingly wireless. Whether it's 5G wireless technologies that promise to deliver
dramatic increases in wireless broadband speeds and bandwidth, or the unlicensed
technologies we place in our homes, businesses, and communities, wireless broadband
technologies are paving the way for transformative changes that will improve health care,
advance manufacturing and benefit public safety.

America is the world's leader in Wi-Fi and 4G LTE and we have claimed an early lead in
bringing 5G to reality. It's essential to American competitiveness that we maintain our
leadership in all of these areas. This is a Commerce Department priority under Secretary

fe PUBLIC NOTICE

Federal Communications Commission
44512+ SL’ SW. MNews Mldlil Information 202 / 418-0500
n i

. : hitps:/hwww.fec gov
Washington, D.C. 20854 e e e

DA 19-105
February 22, 2019

TEMPORARY FREEZE ON NON-FEDERAL APPLICATIONS IN THE 3100-3550 MHZ BAND

WT Docket No. 19-39

By this Public Notice, the Wireless Telecommunications Bureau (Bureau), announces a
[ ded 90

Background
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Commission and the head of each aff
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Citizen’s Broadband Radio Service (3.5 GHz)

Spectrum
Access System

=
Citizens Broadband Radio Service Spectrum -
Database | <= i
Federal | pmy @) | Fixed m () ¢
spectrum ﬁ Navy Ship Radars Non-Federal FSSES = Satellite Spectrum
. . Management FSS
allocations Service Py @)
;@ Federal Ground-Based Radar e I:
Environmental
3550 MHz 3600 3650 3700 MHz Sensing

Capability

Where We Are In The Process
* Rules revised in Oct. 2018- - Licensing areas, license terms, emissions mask, etc.
Incumbent

Access « 5 approved wave 1 Spectrum Access System (SAS) Administrators, 1 more pending.

»  Completed Initial Commercial Deployments (ICDs) for all 5 approved wave 1 SASs, one

Priority
Access

more pending
General Authorized « Three tested and approved Environmental Sensor Capabilities (ESC) system and

Access

deployments
»  Certified many (100+) base stations and end user devices
Spectrum sharing

across three tiers » Thousands of base stations deployed all as GAA

»  PAL auction ongoing since July, 2020




3700 — 4200 GHz (C-Band)

FCC adopted Report and Order in March
2020
— makes 280 Megahertz available for 5G

— allocates 3.7-4.0 GHz band for mobile use

» 280 megahertz (3.7-3.98 GHz band) will be
for ereless services Wlth 20 megahertz @'l'. 3x20 MHz ?n 46 of the top 50 PEAs (Zavail_able within 18 months (“Early Tranche”);
gu a rd ba n d 9x20 MHz in 49 of the top 50 PEAs () available after 36 months

* satellite operations will be repacked into the o 9% 20 MHz in PEAs 51 to 411 (™ available after 36 months
upper 200 megahertz of the band

— spectrum will be transitioned to flexible use
no later than December 5, 2025. Deis s ot ;
* Public auction scheduled for December 2020
« incumbent fixed microwave services o | TOPRTRTOR aew

Fixed Satellite Service (Downlink)

licensees to relocate their point-to-point links
to other bands by December 5, 2023

— technical considerations (ES protection,
OOBE, power, etc.)
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4.9 GHz (4940 — 4990 MHz)

Sixth NPRM adopted March 2018
Proposals to encourage greater use and

investment in band
— goal to promoting increased public safety use of the N
band, protecting users from harmful interference NEAIC
and opening the spectrum to additional uses Aaee] NPT Recommended Revised Bandplan
Provide for limited aeronautical and robotic

AR /
Seek comment on encouraging adoption of -, A _

luntarv technical standard Ground & (| CIIPS S peisnlial spomea iy
voluntary technical standards BRI coprinery || S ool ascess b

Five 1 MHz Two z i
. . . . Channsls Chaﬁr:?l-ls Six 5 MHz Channels

Permit increasing channel aggregation up to
40 mega hertz Plan also includes provisions for channel aggregation

Elevate point-to-point and point-to-
multipoint use on some channels to primary
status

Expand eligibility to critical infrastructure
users



5030-5091 MHz Band

e Aerospace Industries Association Petition for Rulemaking; February
2018

e Recommends licensing procedures and service rules for UAS Control
and Non-Payload Communications (CNPC) links

Individual licensing for UAS operators
Restrict UAS operation to safety-of-life (non-payload) communications

Establish frequency assignment mechanism to dynamically assign frequencies to
licensed pilots-in-command (PICs)

Flexible rules to encourage future UAS development

Modify Frequency Allocation Table to provide for CNPC links and establish
protection zones around microwave landing system stations

License under aviation rules

* Aerospace industry in-favor of proposals

e Cellular industry recommends flexibility so that other operators
outside of traditional aviation licensees could provide service to UAS
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5.9 GHz Band

December 2019, Commission
proposes fresh look at the 5.9 GHz
(5.850-5.925 GHz) band

— For past two decades, entire 75 megahertz
has been reserved for Dedicated Short-
. . 5.850 5.855 5.865 5.875 5.885 5.895
Range Communications (DSRC) use ——
NPRM proposes to designate lower
Control
45 megahertz for unlicensed use - Channe e

5.905 5.915 5.925

Public Safety
Public Safety

panasay

Dedicated Short Range
Communications (DSRC) Channel Plan

— 45 megahertz can be combined with
existing unlicensed operations to provide
high-throughput broadband applications
on channels up to 160 megahertz wide

Proposes to dedicate remaining 30

megahertz for transportation and .
vehicle safety-related communication |z

Public C-V2X

Safety

Alasay

— proposes to provide Cellular Vehicle to
Everything (C-V2X), access to the upper 20 C-V2X Waiver Petition to use 20 megahertz channel at top of band

megahertz of the band (ET 18-357)

— seeks comment on whether to retain the
remaining 10 megahertz for use by DSRC
systems or to dedicate it for C-V2X



6 GHz Band

April 2020 - Commission adopted rules to
make 1,200 megahertz in 5.925-7.125
GHz available for unlicensed use

— Promotes next generation of Wi-Fi, and Baod GH) | plocuions | inthis NPRMY Diyices
growth of the Internet of Things s;asears | POV [ pams | StodwiRowAsasio
— Increases amount of spectrum available sussa | POGERTY | Rawe | owRelcmRE
for Wi-Fi by nearly a factor of five sy | Fed Davies U-NIL? SwndandPuwoc Acoges:Fol
Authorizes indoor low-power operations 68757125 | Moble Serie i Low-Power Access Point
over full 1,200 megahertz and standard- =
power devices in 850 megahertz using an U-NII-5 / U-NII-7 would rely on Automated
automated frequency coordination system Frequency Coordination (AFC)

— AFCto prevent standard power access
points from operating where they could
cause interference to incumbent services

L=1
= Q-
o .
Further Notice of Proposed Rulemaking N B operationst Fved service
= B Local Television Transmission Senvice
— seeks comment to permit very low-power S B o ailaryserdce
devices to operate across the 6 GHz band .
*  tosupport high data rate applications including =
high-performance, wearable, augmented-reality and
virtual-reality devices §
— seeks comment on increasing the power at
which low-power indoor access points may °
operate. 5.925 | 6.875 |
| uans |i~r||—{5 vz | U ;




mmWave Bands Overview

Spectrum Allocations Service Rules
2.55 gigahertz for mobilﬁ Upper Microwave \

sLicensed Bands (Total 3.85 GHz): Flexible Use Service
24.25-24.45 GHz
24.75-25.25 GHz (UMFUS)
27.5-28.35 GHz *  Geographic Area Licensing
37-38.6 GHz *  Various Area Sizes
38.6-40 GHz *  BandPlan
47.2-48.2 GHz *  License Term

*Unlicensed Use: *  Technical rules
64-71 GHz (added to 57 — 64 *  Performance Requirements

GHZ) and Above 95 MHz ° Overlay Auctions
(21.2 gigahertz in four band

Often Associated with “5G”




Granted
incumbent
fixed
licensees
authority to
offer mobile
service; led
to market
transactions

First Report and Order Bands - 2016

64-71 GHz

27.5-28.35 GHz 37-38.6 GHz 38.6-40 GHz 64-71 GHz

850 MHz 1600 MHz 1400 MHz 7000 MHz

Terrestrial Licensed for fixed Yes (no current use) Licensed for fixed
Allocation operations, with about operations, with about

Yes (no current use)

75% of the population 50% of the population
covered by existing covered by existing
licenses; remaining licenses; the remaining !_owe.rIGOO MHz .
licenses in inventory licenses are in identified for sharing
inventory. between Federal
Government and
Federal No Radio Astronomy / Fixed Satellite Service / Earth Exploratjga Private Sector - -
Allocation Space Research in 37-  Mobile Satellite Service Satelli invited comment on
38 GHz @ 3 sites; in 39.5-40 (militar sharing method
oY Fixed/Mobile/Satellite

Federal Fixed/Mobile, i
37-38.6 GHz @
14 locations

Yes (Uplink)

)

Yes (no current use Yes (no current use)

Yes (no current use)

Licensed Licensed Licensed Unlicensed

Satellite/terrestrial
sharing accomplished
by well defined
protections & rights

Concluded January, 2019 Incentive auction Incentive auction
$700M Gross Bids for Ended March 2020 Ended March 2020
2,965 Licenses
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Second Report and Order Bands -2017

Frequency 24.25-24.45 GHz and 24.75-25.25 GHz 47.2-48.2 GHz
Bandwidth 700 MHz 1000 MHz
Terrestrial Lower segment is licensed for two types of fixed Yes (no current use)
Allocation operations: 24 GHz service and Digital Electronic Messaging

Service (DEMS). 5 active 24 GHz licenses, and 38 active
DEMS licenses; remaining licenses in inventory

Federal No No

Allocation

Satellite Yes, 24.75-25.25 GHz band segment is non-Federal Yes (no current use and the Commission designated
Allocation allocated for FSS (Earth-to-space) this band for terrestrial use)

Licensing Scheme Licensed Licensed

Auction Concluded 28 May 2019 Auction ended March 2020

Over $2B Gross Bids for 2,904 Licenses

Commission invited comment on 25.25-27.5 GHz (26 GHz) and 42.0 — 42.5 GHz
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Satellite Services

* Satellite services will have a complementary
role in the 5G ecosystem

Proposed constellations of satellites in NGSO orbits offer
Internet and other advanced services

Ensured core MMW spectrum for satellite systems
(48.2-50.2 GHz and 40-42 GHz bands).

Allowed flexibility in FCC’s earth station siting rules in the
28 GHz and 39 GHz bands.

Adopted FSS earth station siting criteria in the 24GHz

band and permitted individually licensed FSS earth
stations in the 50.4-51.4 GHz band.

e Space Month — November 2018:

Approved four separate petitions from companies seeking
to initiate

or expand services for low-earth-orbit satellite
constellations

Authorized Galileo Global Navigation System service in
U.S.

Proposed to update rules for orbital debris
Proposed additional rules to facilitate E-SIMs
Proposed further streamlining of satellite licensing rules

Media Cont

Neil Grace, co)mo:os
Neil grace@fee gov

For Immediate Release

FCC BOOSTS SATELLITE BROADBAND CONNECTIVITY
AND COMPETITION IN THE UNITED STATES

seeking
(NGBO] sah]l\hes These
in the United States, expanding global

speed broadband availability and compatition in tha markstplac

fmque ey b te s previonsly ssborized MOS0 constellation The Co
oo Space with sdditions Qsdbility to preide ot divese geogeap
capacit o uppart 3 wide g of broatband aad

users in the United States and globally

I m Oxder and Declraory Bling, the Comnmiesion grantd Raplr's requestfoc 115, mat
access w conditio v ffex global

14.0-14.5 Gz frequency bands. Kepler's prope
licensed by Canada

Commission also sranted LecSat's raquest
itions in the 17 5186GH:,1!B]94GH; 19.6- 026}[ 27.
¥ bands, wing s ofNGSO
Sacil satallite broadband
e i the i S Iuh\L s at, m::lud.mghlgh speed comne o ity for entrprises nd
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Mid

High

Spectrum Harmonization

Under
Study

CBRS

Proposed
C-Band —DL

Proposed

Sharing by Unlicensed

\

3450 MHz 3550 MHz

3700 MHz

4200 MHz 5925 MHz

7125 MHz

J

31.8-33.4GHz"

24.25-27.5 QHZ

roc Iml:l

27.5- 28 35

24.25 - 24, 45 GHz
& 24.75 - 25.25
GHz :

37- 38 6 GHz

40.5-42.5GHz* 47-47.2GHz"

WRC-
191.13

37-405
GHz 5 43 5 GH§H747| 2-50.2 GHz

I]

45.5-47 50.4 - $ZGGHZ

= Requires Mobile
Service Allocation

\
\
\

66 — 76 GHz

i :
142 -42.5 :

.38 6 — 40 GHz GHz 4752 -48.2

1GHz

57-64GHz 64 —71 GHz

Existing Unlicensed

unlicensed

\

81 - 86 GHz :
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Spectrum Horizons: Above 95 GHz

Rules to expand access above 95 GHz
adopted 15 March 2019

Much of the spectrum

Total of 21.2 GHz for unlicensed use above 95 GHz is
— 116-123 GHz aIIocatSe:r\tioCrep;asswe
— 174.8-182 GHz
— 185-190 GHz
— 244-246 GHz

Similar to 60 GHz band rules, High
absorption bands enable sharing with

passive services Achieve Fiber Capacity
— Earth Exploration Satellite Service
— Space Research Service Innovations

— Radio Astronomy Service
New type of experimental licenses > 95
GHz

— Longer license terms (10 years)
— Ability to sell devices



Experimental
Licensing

Experimental licensing plays a key
role in facilitating innovative new
products and services while
protecting incumbent services against
harmful interference.

Experimental licenses enable trials of
new technologies like 5G. The FCC
typically grants more than 2,000
experimental licenses a year.

The FCC has a streamlined
experimental licensing process for
universities, research labs, health care
facilities, and equipment
manufacturers that frequently
conduct trials at a specific location.




Approaches to Spectrum Sharing

Approach

Sharing Options

Applications / Services

Coordination

3G /4G /5G
Subscribe to commercial carrier
Spectrum through secondary markets
Private LTE

70/80/90 GHz

Secondary Markets

Leasing /
Partitioning / Disaggregation

Unlicensed Use N Non-Interference Basis Wi-Fi
Wi-Fi / U-NII/ Bluetooth / Zigbee —
/ LoRa / etc. Wi-Fi (w/ DFS)
Some unlicensed options
LAA/LTE-U . Whitespace*
37-37.6 GHz band Static
60 GHz band
6 GHz*
License by rule /
License Lite Dynamic CBRS*
70/80/90 GHz |
401-406 MHz (Medical Implants)
LTE-U/LAA
Traditional Licensing LBT

Network Slicing and Virtualization

*Hybrid Solutions
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Vertical Markets

Produce similar products or
provide similar services

Often compete with each other

Companies that identify themselves in a

narrow industry or group of companies

Buy and use similar goods and services

Examples Have similar spectrum requirements

Entertainment/Sports
Limitless ways to define

Healthcare
Defense
Transportation
Manufacturing
Education
Finance

Spectrum needs generally are outside scope of commercial carriers regarding coverage and reliability
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Thank Youl!
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