Secure 5G

, The Eisenhower National Highway System for the Information Age
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‘Networks are the Dominant Competition Space

a is the Dominant Competitor

! China has achieved a dominant
p_ositlon in the manufacture and 20 Century
operation of network
infrastructure

* China is the dominant malicious
actor in the Information Domain

* We are losing, but...

21st Century




We are now moving from 4G to 5G
2. MUST take the opportunity to build
it securely and go...

» Otherwise, China will win
* Politically
* Economically
* Militarily




Do We Flip the Script?

{ ders has driven our most significant
WOT ’W‘M @
*  Without Eisenhower there would be no Isterstate

e Without Kenaedy there would be no space program
aspired leadership can build it
: *  Assets: Frequency Spectrum, Techmology and Talent
~ »  Government and rural broadband provide the business
* TYax reform is an accelerator

« Businesses and citizens will choose to join the
secure 5G Internet — If you build it they will come




..] IC rmatnon Domain Counter to Belt and Road
oint and coalition forces seamless Command and Control
* Prosperity

* Creates Millions of Jobs and Trillions in Economic Growth
» Rural broadband gets done first! 4G vs. 5G

« Arena of Allied Cooperation
« Build secure 5G at home and abroad
« Japanallin

« Information Age
« This is a requirement for American success




Primer

Today’s information space is complex. Data traverses cyberspace through a patchwork transport layer
constructed through an evolutionary process as technology matured. This data transport layer resides
and is enabled by an infrastructure overlaid by an even more complex cyber threat landscape.
Comprised of nefarious actors with varying levels of sophistication and an array of malicious intent, the
current cyber threat landscape challenges the ability to secure and ensure a reliable information space.
Measures to secure and protect data and information result in an ‘overhead’ that affects network
performance — they reduce throughput, increase latency, and result in an inherently inefficient and
unreliable construct. Additionally, the framework under which access and services are allocated is sub-
optimal, yielding incomplete and redundant competing networks. Without a concerted effort to
reframe and reimagine the information space, America will continue on the same trajectory ~ chasing
cyber adversaries in an information environment where security is a scarcity.

The advent of ‘secure’ network technology and the move to 5G presents an opportunity to create a
completely new framework to safely, securely, and reliably transport and share information. While ‘4G’
was an evolution of ‘3G,’ simply promising faster speeds, '5G’ is by no means simply a ‘faster 4G’ -
despite the chronological moniker. This next generation technology, combined with a concerted effort
by public and private entities, can position the United States to leap ahead of global competitors and
provide the American people with a secure and reliable infrastructure to build the 21* century
equivalent of the Eisenhower National Highway System - a single, inherently protected, information
transportation superhighway. To do so, it will take strong and focused leadership from USG along with
the collaboration of public and private entities to seize this opportunity afforded by the emerging
technologies to commit to building a secure 5G network within three years.

Such collaboration promises benefits for American commerce - spurring economic growth and strength;
national security - enabling innovation for more resilient and effective operations; and most
Impommly, the individual - providing American constituents the ability to know, see, and understand
how thelrdldul lnformation acts and is acted upon once it is released and transmitted. America is on
the edu of a pnchlne ~we can jump into the information age of the future today or continue falling in
the spiral of cyber-attacks.



Secure 56 -~ Flipping the Script
FACT: China is currently poised to lead the global deployment of 56

DISCUSSION. Huawei has used market dstorting pricing and preferential financing 10 dominate the
global market 1or telecommunications infrastructure, Chima sets aside up 1o 70 percent of its mobile

infrastructure market for Huawei and ZTE, only allowing Western vendors to compete for the
comainder. The magaitude of the Chinese market reserved to Muawel and ZTE alows the companies to
elfectively fund their R&D with domestic sales whike insulating the companies against global

Alrasteucture spendag down turms, The government has also extended an estimated $100 billion tine
of Credia to Husrwei 10 finance deals abroad. Combined with aggressive pricing, diplomat support, and
waspected payments to local officials, Huawel has quickly taken market share in the radio infrastructure
market as well as optical and routing, leaving them poised 1o take market leadership of 56

Huawel has gone from a market share in radio infrastructure of roughly 11 percent in 2011 10 a share
equal to or greater than Cricsson and Nokia, the two largest Western mobile infrastructure suppliers.
Similarly, In routing. Huawei more than doubled its market share in an 18-month period, and in several
areas or routing it has Caught of surpassed market leader Cisco. Ewope led 3G deployment, the US, led
4G, and with these market altering practices, the Chinese may be poised to lead in 5G Huawei.

Notably, the FBI comtinues to monitor market activity and update its compendium of activities and risks
associated with Huawel and ZTE. Apart from the suggestions for a US. market strategy provided herein,
permanently tasking the FBI 1o work with other intelligence agencies to mondtor and regularly report to
Congress and the Administration on the market activities and risks of Chinese infrastructure vendors
would be valuable for national security.

FACT: US. telecommunications manufacturers have all but dsappeared,

DISCUSSION: Today, only a handful of companies are postured to play a role in globa! SG deployment;
Qualcomm, Cisco, Juniper, Nokia, Samsung, Ercsson, Huawel and ZTE.  Qualcomm makes chipsets for
mohicm'ﬁoawo m-ummmmmwmmmwm»
infrastructure. mmummmumumuwanmmmmm
services essential 1o mobile broadband. Notably, on the current trajectory, SG in the U.S. wilt debut on
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erything from automated cars and aircraft 1o sdvanced logistics and manufacturing to true Al
Mmmm Most communication on the network will move from mobile devices to
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The Challenge: Can we flip the script? Can the U.S. conduct 2 moonshot with secure 56 deployment,
and steal the kead position for doavimating the information domain?

Answer: Yes, but it wil take focuned and determined leadership and o commitment to bullding a
secwre | high-performance (capacity and coverage) 5G network faster than anyone is currently
predicting « § years.

DISCUSSION There are numeross major decisions that affect the answer 10 this question:

1 What type of network should we build « single-block, of multi-block?
& What spectrum can we make availlable ?
3

Can we standardize siting requirements?
Other ancillary questions effect the efficacy of the project

1. Can we rebuild a telecommunications manssdactunng base in the US.?
1. Can we ehcit ales and partners 8o butld with US.?
3. Can we ehicit alies and pariners to jointly grow these networks in the developing world?

Type of Network: Options - 1) Single-block; 2) Multi-block

Single Block If the US. were 1o build and run one physcal network using the My Band
spectrum it could lease Lime Back 10 carriers 10 308 4 & wervice. This would allow the aflocaton of a
large amount of bandwidth for the network by creating one block of spectrum in the Mid Band range.

Pros:

L. Speed - This would enable virteal metwork shices at the full capacty enabled by
comtining the Bandwidth that would rormally be alocated to each For example, in
the 3.7 10 4.2 GHz frequency range there is 500 MMz of spectrum avadable. That
MMNWWMM“MWloM
MDWMMM If 9% or most of this spectrum is
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s 2. Security - In the single block scenario, the network could be bullt with security s a
. ‘ _Wmmmmammmmm
- The network could ais0 be bealt for resdiency from physical attack or natural
. - disasters.
3. Speed of Deployment - mamwmwmumm
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Cons

1 New Paradigm — The carrent market sizuation involves imaey carriers who compete
at building retworks. The ungle block model would requine # single network that s
virtuaily shared by retail providers

Mitigation

1. Sence the single block network would only cover the Mid Band, other carniers could
Buadd High Band networks 10 the same exacting security requirements if they o
choose. This would allow for increased capacity in urban areas and thas product
ditferertiation. All carriers in this scenario could off the Mod Band network for
coverage alongside their own separately depioyed High Band networks. Note:
carriers are already looking at optians 10 free up the 17 1o 4.2 block for their own
use

Mults Biock: Carriers could busld and own the network based on 100 Mi: spectrum blocks
Pros

1. Less Commercial Daruption - Carriers already anticipate rolling out 56, But at a far
slower pace. Getting them to bulld and own the network will be an easier sell.

1. Less Bandwidth ~ Since there wil be numerows networks, the 500 MHz in the M
Band would have 10 be divided slowing network speeds.

2. The end-result wouldn't necessarily help the US leapfrog the rest of the world in 56

~ performance.

3 n—;-hm»mmmm“mmwum«m«
cariers, incumbent satelite users and 3 of the eanth station users (ncluding
;Hmwmwmmnum Given the ordinary
length of regulatory proceedings necessary to accomplish this and the skely kegal
 challenges from the satellite companies and Eanh station users, the spectrum is
wnbikely 10 be availlable in the next five years. Clearing and/or repacking 10 make
spectrum available would be uneven and could potentially leave areas of the
country, including rural areas where the satellite services are widely used, without
spettrum avadable to underpin a 5G network for as much as 7-10 years. Thisa
 potentially fatal challenge of the math-block, multi-caerier network approach in the
3.7-4.2 GHz band

'mmmummr.cmmmmwhmm
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spectrum at 28 GHz. ATAT is looking to the FCC to offer more spectry "
nationwide SG network. Spectrum sales can take as long 3 7 ye "" e
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this reason alone SG will not be boilt in the U.S.. 0r a1 the very least It will be one of the LSt nations 10
Ity deploy. Nevertheless, tested speeds in this frequency band has shown meltigle Gps 10 the device

t.m- f('(:s Currently looking at the Mid Band for possitile 5G use The Mid Rand range they are looking at
;;”i :: 7 GHz None of the previously mentioned equipment manufacturess are currently bullding for

» Band, but could have a solution in 6-8 months’ time bated 0n commaments to make spectrum
availsbie for Lirge-scale deployments. There are some US. equipment compunies who are working »
this area, so the US, could still claim a lead in the technology. Mid Band would allow for 3 much less
dense network since it is choser in geographical kiyout 10 currently deployed networks. All of the current
G towers could be wsed for rollaut along with an additional 20 percent more towers, reducing the
deployment imelines. A 100 MHz block of spectrum gives you arcwnd 300 Mbps, and a 500 MKz block
Eives you multiphe Gbps at the device. The only cactier that currestly owns spectnam in the Mid Band is
Sprint with a 100 MHz block of spectrem at 2.5 Gy,

Low Band pravides good coverage, but will not give true 5G speed or bw latency. Cutrently onty 600
MHz is designated for 5G, and the only nationwide spectrum block is owned by T-Mobile. 5G
deployment will most likely encompass low, mid and hgh Band spectrum for both coverage and
capacity. Because of the long distance and penetration cagability in Low Band, this spectrum will be
used to extend coverage areas 10 more remote locations.

To recap, only three carners currently have nationwide spoctrum for 5G deployment:

1 w-mwmmnmummm
2. Sprint = Mid Band (2.5 GHz a1 100 MHz spectrum block)
3. T-Mobile - Low Band (600 Mitz at “20 MH2 spectrum block)

As it stands today we could see that Verizon aill be the only one with true 5G capabslity i teems of
speed {capadity). Sprint and T-Mobile will provide coverage. Typically, the carriers have fought for both
coverage and Capacity, and this will lkely be the case. This means either more spectrum wil have to be
made available at Mid and Hgh Bands, or expect Verizon 10 dominate the 5G market in the US. with

selectve coverage.
Options - 1) Mid Band; 2) High Band

MG Band: If the FCC were 10 make 3.7-4 2 GHz available for 56 use and we were t0 buld the
ietwork with the full 500 MH block of spectrum (or the vast majority of it), then we could deploy & true
mmwtmmuwmmsmwemmmmmmmmum.n
we parceled cut the spectium n 100 M blocks this would allow carriers t0 do the same for coverage,
bt it would not defiver the full potential of peak speeds a3 single block of spectrum. It might be possible
wmauamumummwwmomwmnmumua
single block Either way, physics dictates that mid band is the only spectrum range that aliows you to
build 2 petwork in 3 years, offering high performance in terms of both coverage and capacity.

Proa

1. Fast Deployment ~ Opening the mid tand WMMW%@*
fast wnce hess sites are reguired for nationwide coverage,
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2. 5G Speeds ~ If the full block of spectrum is used to bulld one network, the nesulling
network would generate workd-leadng 5G speeds

L. Curremt Spectrum Owners - There are currently comenerciad and federal users of
this spectrum who will have to be moved elsewhere. The good news & that most ae
sateline operatory of radars. The satelite operators can easily mave 1o fder, and
thaal-use spectrum sharing could work in those siteations that won't allow for the
Customer 10 move. Nevertheless a3 is the case with all spectrum reallocation, expect
Current spectrum owners to argue for the status quo. [Nokia Comment: This s
subject 1o significant disagreement, with satellite operators and some of ther
broadcast customers arguing that the weskness of the downlink signal will make
detection and interference avoidance wung current sharing tochnologies imposuble.
We believe that there is a path 10 releasing the full SOOMN: over » phased approach
and with a strong sales efloret 1o the incumbents, 4K wideo becoming prevalent wil
make some of this easser 1o navigate. )

High Band: Snce we already have ane carrier with sufficient spectrum available for deployment
in High Band, there is no rush for further spectrum. ATAT wants to buy spectrum to deploy a natiomwide
mwkwtb‘(tbm_wl\nm

Pros:
1 Competition ~ Making more High Band avatable allows for more carriers that can
provide tree 5G speeds, but does not pet the nationwide network Budt any faster.
1. 5G Speeds — An 800 M block of spectrum is avadable and would generate true 56
spreds n selecied awas.
Cons.

4 omwthcoummolmugmmumuwm
guidelnes, the buildout in the Ngh-band could span several years thereby handing
over 5G leadership 1O other coumtries,

Can We Standardize Siting Requirements?: Options ~ 1) USG Secured; 2) Industry Secured

USG Owned I USG secures the netwark, then much Mee the Eisenhowee Highway System
mational secunty becomes an mntmwwm*mmmlm
facing assault. of & Gty wall meant 10 keep out bandits, l"”mh“'ﬂlmm
network is requered to creste a mmm*mmwﬂnm
1he benefa of two large oceans for our WMWMMMMUh

rformation domain e

Current efforts 1o build 5G networks in the United mmm* 0ca
For example, ENcsson is smﬂh‘mm‘ﬂdl“m e eat
mumcipality has unique processes hmuwn fepic '
drawngs. different pole mounts, and/or dferent sesth lic e
municipatibes want wchmafu.lhum“m = ) nse




s that a 3 year deployment time is not achievable without a nationwide standard for sting. Texas has

alreacdty determned that statewide standards this will be regueed 1o get timely deployment in their
sMiate

Pros:
1 Fast Deployment - The ability 10 wie national security 1o force nationwide
standardaation of sting requirements.
Coms
2. Nooe.

Mndustry Secured: If carriers secure the network, it may stitl be possitde to wwoke national
secunity for standardization. Otherwise, it mary be possibile for Industry to convince states 10 agree 10 @
standardized process. At a minknum, Carriers and equipment manufacturers could agree to a set of
wting standards, NIST may provide an option whereby USG could set the standards for siting, and
carriers would build 1o that standard.

Pros:

1 MMM“WMMMNWWuwMW
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nt, but 3t the very least we can expect an interest in deploying & secure 5G retwork with

: ent from & trusted supply chain. Importantly, this will allow for a counter 1o China's econamic
;;w&mmmmmummmmmmmm
ﬂnﬁhmumumhmammmmmnmmwmmmm
'mﬁ' the fong term effect to be a lessening of Muawei's global market dominasce.
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This is currently unknown. If it were possible 1o assemble such » coaltion, M"“m
Our secure SG networks in emergng markets. Jowt developmental finance eforts could be me Y, \
provide a one-s1op shop for emerging market telecomenunications peojects. Anather S

e to have certam allies and partrers focus on certain regions for development. Eventually, §
could help moculate developng countnes aganat Chinese neo-colonial behavior,




Actions we must take regardiess of the pamth forward:

1. Dewvelop standards for 50 degloyment

1 Network Security Standards
o These will Be used 10 buikd a network that Is mherently secure. While

this will not efiminate all cyber security chatienges, @ will fundamentally
alter the cyber threat Bndscape 1 other words, it returns the
advantage 1o the deferse
1 Infrastructure Standards
o These will be used 1o buld the physical network infrastructure. First Net
mmmmummwmwmmm
MMMWNM:M!W.MM%M
3. Wireless Standardy
ommmmqmwmmwmm-on
mummmmwwwwwm
The g00d news i that the industry group 3GPP has agreed on version 15
mmﬂhawmmnﬂmmﬂom

Firancing
mmulﬂdﬁmwm-puummmmmw

exports due 10 a strengthen wnliivi """" ievestment spending Since it refes o
private ¢ rbk-‘.vﬁs.Q'Z’;;‘ " ad s debt. While the business modets for secure 5G are
il mm:.,x .,'-_;ffc !!ni'bnlwumau»mmmm
true vabve. The aetwork wil be transtormative for society similar 10 the @hone. Samdarly, marry of the
< M "uhwmuwlmmmhm
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mummwnuwmﬁwwmw That said,
: _ WQMMWWMﬂmmmm
‘;' _‘“' oyment should be used a5 2 Catalyst for uniocking fiber deployment across the nation. An
endorce 1 »wm«muqmmmmmmmm
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mmm-‘ummnmwmmovmm labor. Yh.sameﬂmmumﬂm,

to get in front of in order to develop new sources of training. Department of Education can take
In developing training peograms that ensure an adequate supply of skitied labor. Uke mum. )




transtion 1o the iInfarmation era will tegure increased mvestment in both STEM edutaton »S wed s

mcreased funding for research and development

Alr and Space 5G

Foe a Truly reshient SG network, serious consideration should be grven 1o creating air and space layers.
Certain equipment manufacturers have exploced an aw Liyer using arline traffic to create 8 mesh
retwork for air to air and akr to ground 5G capabiity. Commercial space providers are working on
comiellations of satelites which would provide the capability for altermative backhaul options.
Eventually, these constellations could provide service 10 mobile devices for remote locations or
Ctaes/disaster stuations. With air and space layers, coverage could extend internationally provading

service for both government and private sector connectivity.

Rural Broadband
By intiaty locusing on rural broadband, the metwork would guarantee a revenue stream while further
business models develop. There & at least one offer 1o build a nural broadband capability under a carmer

built and owned netwark model. This capability would provide 100 Mbps speeds to approximately 80
percent of rural customers, or somewhere around 24 million homes. If the network were single block,

the speeds would be greater, This capability could easly be built within the first term.
Why build a [secure) SG network in three years?

On September 15, 2017 the Secretary of Defense named information a joint function, The memaorandum
states:

“The mammuwamm the widespread availability of
m«umwummdwmmm impacted operations
mwmmotmm' '

"o MMMMmmalmulmmmm
Mmmmwmmm slandes and defame the innocent, prey on the
weak and plant the seeds for total darkness in the event of all-out war. There is no more pressing need

,j._‘tﬂlnmmm

gumm Womwmmbnmm&mmﬂumm

eft unsaid is the fact those cyber warriors for the most part are Jooking after DoD
o _'.)onhmumowumwmmmbmumm The vaunted F-35 is incapable
being used 10 its full potential, because the data rates on our current networks prechude the full use
s dat mmamummmmmmmeummmnmmmaum

m unweiled his National Security Strategy on December 18, 2017, In it he portrayed the
-;Mul&mtwn wish it 1o be. Embedded witha the strategy was a short but powerful phrase:
“We will improve America’s digital infrastructure by deploying a secure SG Internet capabiity
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nationwede ~ This wiss not an afterthougM, nor was it an additionsl itemn 10 answer SOme CONSLIeNCY. "
was meant to be foundational

Rebedding the Internet

The comeg 5G revoluton represents the first great leap inta the information age. Rt i5 a change more
ke the wrvention of the Gutenbeeg Press than the move from 3G 10 4G. Mare setwork traffec will be
sediated to machine to machine communication than ever before. 5G will transform industries by
ushenng in exponentially expanded system capacity, higher data rates, lower latency, hghet relabiity,
and kower power consumption, The impact will be pervasive throughout the economy where almast i
secloe O mwﬁl.ommmmmmmmmm

ndustries 10 name a few will transform, creating mitkons of new jobis and bilions if not trillkons in
CCONOMC growlih

The transformative natuee of G is its abilty to enable the Massive Internet of Things. Techaology and
spectrum capacity enable connectivity fa beyond current capabulities. Beam forming, multiple-inpent and
rultiple- wm(MdMWMﬂMMMMtMM

Ve ",,,Mlmmmcmmmufs
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 States ace not deterred from attacking our democracy by indicting their otizens or sanctioning thew
co an -mwofen'ottemnunomt’wmtoaMtMtdeMMhm
 owerwhelm our system. Rather, cyber attacks must be met at 3 minimum on 3 one-10-one basks. An
‘.Mulour ciizens aad companies should be met with a fierce respomse that forces the state sctor in

| QUesTion 10 rethink the value of IBOT acthaty in 1he Information domain, mmwmuu
with active defense m mad. As we earned in the wars in Iraq and Atghanstan the first step in assert

control over chaos i 10 Lake away arcerymity. A network that identifies the adversary and
ateack is hundamental requirement of the iformation age
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The Joint Force

Using current acquisition processes, DoD is sure to be left behind in the information domain. Bulidng »
secure resfient layered and global 5G network will transform how the Joint Force operates and allow for
the full use of Gata Intensive weapons systems e Aegn, P 8, F-35 and 821 Currently, stovepiped
Communicaton prograens not only create eauly identifiable targets, but they often over promise and
under delver in capabiity, cost and speed of deployment. Lach service or component seeks 3 differemt
path, and ineffectiual workarounds are the morm for integration. in the Air Force alone, efforts to get the
22 and 735 1o commemicate require purpose bult gateways. An advanced resilient and secure
Petwork that Is shared with the public will aliow Federal communications to blend in with other traffic
NCreasing security, improving joint synergy and reducing program costs. Contimeng 10 ride 0N OUr WA
retworks is ke bulldng two Esenhower National Highway systerms, one for civdian traffic and one for
miktary traffic. We covkdn’t affoed that in the 1950s physical domawn, and we can't aford i the 21*
Century smformation domain,

The Al Arms Race

uwemuaummmmmummmrmmmm
the mmmpmmA!mm CM2025 will peovide indigenous innovation
a0 industries including Artificial steligence, robotics,
rw. Data is the of of the 21" century and China has built
et 'dmmmm;m
710 a “great ocean” of data. The current
na's favor as companies bke Google build Al research centers
. ‘-A" 1ta scientists mine the data (ours and theirs) withoet
hwbmmmwum
5_,.\. ,ﬁ *t.q 1 for nuciear weapons, China's 217 Century
.A:,Q,Hﬁ,b Be Mnmnuummmum
naly being rolied o 1 in China to esure indwidal and corporate compliance
vels of sock Muwmwmwummm
rmatio M“mhmmmnam

”“lem high-performance, world-leading $G network platform by
' _f_):j' ’*‘" e first term. Covering the Top XXX metro areas in the country, this platform will enable
C{jjf"‘ arder INNovation on a scale that no other country i currently planning towards. In order to do 50,
' mmmmnm The best network from a technical,
nimmwummvscmammmwm
Ject success. Stal achievable, but with more ritk 10 cost and schedule are multiple carrier bullt and
d networks. To ensure SUCCEss, we must mochvdﬂt:)MeB?dJGNamm
: \ Mquwmmm the wireless, network and Nr&tmmmmﬂ
m siting requirements and advance the rationwide deployment of fiber, “Mm
,“IDWN manufacturers our ntent 10 buld a secure supply chain. For the greatest effec

.

 must ehcit alkes to cooperatively buld semiar networks i thelr countries and Mm







Appenda 1 - Secure 56 Stratege Principles

Mission Statement: First nation in the warld 1o deploy sad operate a secure high-performance SG
Internet for information dominance in the 21° Century,

Project Goals:
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3. Recomtituting the IT industrial Base
Market
Thete are three potential models for deployment:

1 Segle Block, USG Secured
2. Smgle Block, industry Secured

AN
"a & ok dd

mw I~ 2 wireless G network with a blend of fiber and wireless backhaul
(c i = an air layer utilizing airkine carriers and other public/private UAS =~
3. Space - A space-basad backhaul




Specding un Deploy

Potential Remedies

Remnowe ity 0 SBanrwce Mcl’ ROW sharing or crests
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fis 3 Bandwidth Beathonshpe t Network Ve '

RF Channel Peak Data Rate Average Data
Width (MHz) (Gb/s) Rate (Gb/s)
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Low, Mid, High Band Comparison
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Appendix § ~ 5G New Radwo (NR) Coverage and Capacity
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Appendix 6 - Current U.S, 5G State of Play

< hwxfwu%wmw‘a\s LR Y
T ol '.q; Arovagrname s
E <V
B || Et oo e gadktintupareeic
At

3'.\...'}'\;- 8 'sx. P 2 Y g N
o

3, = 4".\\."'L'(J< = e g,
» , ATV ¢ ,\- S I 6"'?'----. ]




7 - Project Timeline
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Appendix 8 - Possible Industry Reactions:

AT&T: Mixed =>Will support faster/cheaper 5G buildout but will resist any disruption to its

satellite business from mid-band spectrum clearing
Verizon: Mixed =>Will support faster/cheaper 5G bulldout but will perceive aspects of the

proposal as marginalizing its advantage on spectrum and fiber assets
Sprint: Mixed =>Has strong 2.5 GHz spectrum position already but would welcome more level

playing field with T/VZ
T-Mobile: Strong support =>lacks rich spectrum for nationwide 5G and would welcome more
level paying fieldwith TNZ
Comcast&Charter: Neutral to Negative =>Fixe e

core high speed htcmetmf"‘ a
CenturyLink: Neutral to Suppx
less reliance thmcableon
Google: Ntmnlm 0C

satellite Indusw v: Nega \
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Huawei's road to number #1 is not solely driven by China
2010-16 LTE market share
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