3.5 GHz CBRS:
Disrupting the
Disruptive
Spectrum

Market Study
Fourth Quarter 2017

ALIGR



ALIGR

3.5 GHz CBRS: Disrupting the
Disruptive Spectrum

Market Study

Published Fourth Quarter 2017
Version 2.0
Report Number: 042017-07

iGR

12400 W. Hwy 71
Suite 350 PMB 341
Austin TX 78738



Table of Contents

1Y o 13 1 - T o1 AR 1
EXECULIVE SUMMAIY ..c.uiieeiieeiiieecrieerieerteneeraserrnserenserenseressernssssassssnssssnssssnsssensesensesansenen 3
Figure A: Total Installed CBRS Nodes in the U.S., 2017-2022.......ccceeieieeeieieeeeeeeeeeeeeeeeeeeeeeeeeaens 6

1Y LY4 o T To o] (o - VAU RRPIRt 7
Basic Mobile Operator Network Archit@Cture......c.cccceeueereencrieenicereennernenneeeeeneneennnnns 8
Figure 1: Simple View of Backhaul and a Mobile Operator’s Network .......cccccceevvvvivcnnnninnennn. 8
Figure 2: Mobile Network Architecture with Fronthaul and Backhaul..........ccccccccovviiinnninnenen. 9

[Ia T of 1 oo NN 9
Citizens Broadband Radio Service (CBRS) OVErVIEW .......ccccceveereereeenecreennecreennceennneceenns 12
Figure 3: Overview Of CBRS BaNd .....cccoooeiiiiiiiiiceeeceeeeeeeeee e e e e e e e e e e e e e e e e e e eeeeeeeeeens 12
Lol =Y § LY 1 - S5 RN 13
Figure 4: Census Tracts, ChiCAZO0 .cooeeeeiiiiiiie i e e e e e e e e e e e e e e aeaaeeeeeeeeseaens 18
FIBUIE 5: U.S. COUNTIES iiiiiiiei ettt e e ettt e e e e e et e e e e e saa b e e e eaeeasaeeeeeeeannanes 18
Figure 6: Partial ECONOMIC AraS ...ccciiiiiiieeee et s e e e e e e e e e e eaeaaaaeaaeeeseseaens 19

PAL light-touch leasing / Secondary Market........cccceeeeeeieiiiiiiineeeeriieiiineeeenneesseeseeeeeeesnssseees 19
WWISPS ..eiiiiieieeieeeeeerieeerrnnneeseeesreeernnnssssssssserernnnnssssssssseeennnnssssssssseeesnnnsssssssssnesesnnssssnssssnnnennnn 20
ESC ANd SAS....cuiiiiieiiiiiieniiiiiieneesiienssestisassssttnasssstrsssssssssssssssssssssssssnsssssssnssssssnnssssssanssssssannss 21
Environmental Sensing Capability (ESC) .....uuureeiiiieiiiiiiiiiiiirieeeeeeeeeeeeeecrrrreeee e e e e e e e e esvaaeeeee s 21
Figure 7: Interaction of ESCand SAS ........ooi i e e e e e e e e e e e e e e e e e e eeeeeeeeeens 23
SPECTIUM ACCESS SYSTEM (SAS) ...ttt ee e e e e e e e e e e e e sarararreeeaeeeeeens 23
U IR Y AN [N =T - d oY o TP 24
CBRS DEVICES ...uiiireeniiirneniiienessiiieasssiriessssssiessssssssssssssseasssssssssssssssssssssssssssssssnsssssssnsssssssnnsssns 26
TabIE 1: CBSD CAt@EOIIES wuuuuuuuiiiieieieieiieeeeeeeeeeee ettt rre s e e e s e eeeeeeaeaeaaaesesesessesnees 26
NETWOIK DEVICES ..ceuvuiiiieniiiiiiiniiiiiitniiiiieneisiinaesssiimnesssiimsesssssasssssssssssssssssssssssanssssssansssssasnnss 27
ENA USEI DEVICES ..eeuuuiiiienniiiiienniiiinneisiienssssiinmssssiimssssssssssssssssssssssssssssssssssssssssnssssssanssssssanass 28
ROIIOUL DEIAYS ..ccuureunienieriinirrieirreneerenereanereassrenseseasesrasssrssssesnsssensessasessnsessnssssnssssansessnssssnsssen 28
Potential IMPAct Of CBRS......ccccceiiieeniertenniereeeneerrenniereenseerensesesnssessssssesssnssesssnssesssnnnes 30
Potential business MOdelS ........cciiiiuiiiiiiniiiiiiiiiiiiirrstrrnisrrenessstresesssssesssssssenessssaenens 31
In-building CBRS signal penetration ......cc.c.ccceeiveeiirencireeierieniienneienereanesrnsesenssssesserensessnssssnseses 33
Figure 9: In-building Penetration at Different FrequencCies.......cccceeeeieieieeeieieeeeeeeeeeeeeeeeeeeeeees 33
CBRS U.S. Market FOr@Cast ......cccceeerreeneerrenniereenneereenseereenseeseesseesessssssnssessesssessnssessenns 35
Table 2: Small Cells Total Addressable Market, 2017-2021 ........coeeviiiieiriiiieeiiiiiieeeeeeeeevaaaen, 35
Figure 10: Small Cells Total Addressable Market, 2017-2021 ......ccceeieieieeeieeeeeeeeeeeeeeeeeeeeeeeeens 36
Modeling Potential CBRS DeploymeENnts.......ccveueieeneireeiereenirenirenereaserrnseesnssssesserensessnssssnsses 36
WISPS GO FirSt ..ccuuuiiiieniiiiiinniiiiiineiiiinnessiiinesssiiesesssnmesesssssesssssssessssssssssssssssssssssssnssssssansssssans 37
Table 3: CBRS Nodes Deployed by WISPS, 2017-2022.......cuuuuuruuuiiiiiiieieieeeeeeeeeeeeeeeeeeeseeeeenens 38
Figure 11: CBRS Nodes Deployed by WISPS, 2017-2022 .....ouvuvuiuiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeenens 39

Non WISPs, Outdoor DeploymeENts ......cccceeeeiieenireencirencereenieennerenereasesrasessnssssessssensessnssssnssses 39
Table 4: CBRS Nodes Deployed by Non-WISPs, 2017-2022 (cumulative).........cccoeeeevrvveeeenn.. 40
Figure 12: CBRS Nodes Deployed by Non-WISPs, 2017-2022 (cumulative) .......ccccccuvvvveeeen... 41

4GR '

Distribution of this report outside of your company or organization is strictly prohibited.
Copyright © 2017 iGillottResearch Inc.



IN-BUIlAING CBRS ....cuuieeiiiiiniirieirrteerrenereanereassrenseseasessasssrssssssnsssensessasessnssssnssssnssssansessnssssnsssen 41

Table 5: CBRS Nodes in Commercial Buildings, 2017-2022 (cumulative).........cccoeeeevvvvveenn.. 43
Figure 13: CBRS Nodes in Commercial Buildings, 2017-2022.......cccceieieieeeieeeeeeeeeeeeeeeeeeeeeeenens 43
RESIAENTIal CBRS........cceiiiieiirieirreeerreeereenereanerrnneseasesrnsssresssesssssensessasessnsssenssssassssansessnssssnsssen 44
Table 6: Residential CBRS NOdES, 2017-2022......uuuieiiiiiiiiiieeeieeiiiieeeeeeeeiieeeeeeeearn e e s eeeaaaaees 44
Figure 14: CBRS Nodes — Actual Deployments, 2017-2022 (cumulative) .........cccoeeeeuvvvveneenn.. 45
SUMMIATY cieiiieiiieiiieireereitensienstassrassesssesssessrnssrnssssssesssnsssnsesnssssssesssasssnsssnssssssasssnsssnsesnsssnssnnss 45
Table 7: Total CBRS Nodes Deployed, 2017-2022 (cumulative) ......ccccevvveeeeeeeeeeeeenccnnreeeenen. 45
Figure 15: Total CBRS Nodes Deployed, 2017-2022........uuuururueurmuniiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeens 46
CBRS VENdOr Profil@s.......ciceeeieiieenieiieenierienniereeeneerrenseereenseessesssesesssessssssssssssssessnssssenns 47
ATrSPaAN NEEWOIKS ...cceeiieeiieiiiiicrric et teeiereeerreeesrnseseeneerensereasssensesensessasssrassssenssensessnsessnns 47
7Y 1o ] -1 « 1= O 50
AMEIICAN TOWEN ..c.uuieeeireenirennereenerreseetnseseensereasersasssrnsssassssassessasssensssenssssnssssssssssnsessnsessnsessnne 51
AT T ..eiiiiiiieeeeeeeeerrererrnnnesseeesreeernnnssssssssseeerrnnsssssssssseeesnnnssssssssseeesnnnssssssssssensnnnsssssssssnnnennnn 53
2 7 111 =] | L3RS 57
2 7011 = o XU RN 59
[0r=] o1 L= - | L3 U 62
Charter CommUNICAtIONS, INC..cuieuiiniiieiiiiiiiiieirieireeeteereereieenttensressraseenssenssesssssernsesnsssnssanens 64
1 of o RN 67
(0013 Tor- T3 A 0o Td's T T -1 4 3 S 70
COMMSCOPE euiieiiiniieiireiieniieniteneratretteestessrassrnssssssesssasssnsernssssssesssasssnsssnssssssssssnsssnsssnsssnssnnss 73
Lo o Y T - 1 4 S 75
T ot 3 o] TP RN 77
EXtENET SYStOMS .. cuieiiiiiiiiiiiiitiren e ree e e reecsasesssasesasssnssesstasssasssnsssnssasssnsssnsssnssansns 80
Federated Wireless....cccciiiiieiireiireeiereeereenereneeseesesresssrnesseenssrensessnsessassssnssssnssssansessnssssnsesen 82
Fujitsu Network CommuUNICAtiONS...c..cciveiiieiireiiieniireecerieerenerensereasesrnssernssssesssrensessnssssnsenes 84
HUGWI ceeuieeiieiiiiiiiiiiititicrecrerees e reeretsseseestaestasssassesssassrasssnssesssasssasssnssssssasssnsssnsssnssansss 86
1] 1 =] RN 89
[T 28 1o o =133 RN 90
LiZAd0 NEEWOIKS...cuuieiiriiiiriirtiiireeereeereenereneereenesreseereesseenssrensessasessnsesenssssnssssnnsessnssssnsasen 94
1Y Y=Y 1 T RN 96
NOKIQ NEEWOIKS...ccuuiieeieiieitriirrenerrenereaereanerensereasesrasssrssssesnssrensessnsessnsssnssssnssssnnsessnssssnsasen 97
QUAICOMM ... it reeereeeereeerreeeerenereaserensssrnssensesrasssrsssssensssensessnsessnsssenssssnnsesansenennnns 102
Ris@ Broadband .........cccciveeiiiieiiieniiieiierreeirieereeserennereaserrnsssensessassersssssensssensessnsessassssnsnssnnne 103
RUCKUS WiF@IESS...ceuuieeneirieiiienirenerennertnnesrneseeserensereasessnsssensessassernsssssnsssensessnsessnsssennnssnnne 105
SAMSUNG ElECEIONICS ..cuuieniiiieiiiiieiireeiireniereaerreeetrenerenssresnernensrensssensessnsessnsssenssssnnsesensensnnnss 109
R X1 oo 1 411 4 1 111
SPIAdErCloUd Wireless.....cuucieeuiireeiireniirenierenereenirreserensesresersosseensssensessnsessnsssensssssnsessnsessnnsss 113
1] T 1 1 RS 118
LI 1 Lo <11 =3 U 1 U 119
Telrad NEtWOTIKS ...cceuiieeiiiiiiticrrece ettt reeereanereesesrnsssenssseesserensereasssensssensessnsssrnsnssnnnssnnne 120
LU 00 [T F- T 121
AV T 7o o OIS 123
4 I oo T s ToT - 14 [o T FU RN 124
DEfiNItIONS ceuueeieeeieieiniieieeeiettenertteeeeteenseetennseerensseseenssesssnssesesnssssssnssesssnssssssnssesssnnne 129
(L= =T - | NS 129

4GR ?

Distribution of this report outside of your company or organization is strictly prohibited.
Copyright © 2017 iGillottResearch Inc.



D EVICE TYPES . reunirrunereenerrenerransrenserenserrasssrnsssenssssensessassssnsssenssssassessnssssnsssensessnssssnassesnssssnse L2
SBIVICES «.uieenerrenerieirennirenerenserraserenseseesseressersasssensssensessnsssrsssssnssssensessnsessasssenssssnssesansessasees 130

NetWOork TEChNOIOZY...c.ciieeiiiieeiieeiereeerrierrieereenerennereeseernsesenssressersnsssensssensessnsssssassssnssssnse 31

Y e T0 ) ] U K 1

[0 1T ol =11 1 1 1= SRR A 1.1

4GR ’

Distribution of this report outside of your company or organization is strictly prohibited.
Copyright © 2017 iGillottResearch Inc.



Abstract

In April 2015 the U.S. Federal Communications Commission (FCC) established the
Citizens Broadband Radio Service (CBRS) for shared wireless broadband use of
the 3550-3700 MHz band (commonly called the 3.5 GHz Band).

In late October 2017, and in response to months of petitions and comments on
the April 2015 rules, the FCC announced a Notice of Proposed Rulemaking
(NPRM) asking for public comment on multiple aspects of the proposed rules.

Most in the industry expected the FCC to issue a final rulemaking on CBRS rather
than what it did — basically delay the final rules for several months. This has
injected a great deal of uncertainty around what the final CBRS will actually be.

There are several major areas on which the FCC is asking for comment:
=  Geographic size of the Priority Access License (PAL) leases

= Term length of the PALs

= Renewability of the PALs.

Whatever the FCC decides on these above issues will not only affect the potential
auction price of the PALs, but may also impact (to a greater or lesser extent) what
types of entities (carriers, private businesses, school districts, etc.) are able to
enter the auction and have a hope of winning licenses (relative to what the
original rulemaking might have enabled).

In iGR’s opinion, the 150 MHz of CBRS has the potential to disrupt the mobile
operator's grip on cellular voice and data services by enabling new players —
enterprises, schools and universities, hotels and hospitals — to build and operate
their own private LTE networks. In addition, it should also enable existing 3.5 GHz
license holders —wireless ISPs —to expand their products and services. And, finally,
CBRS could enable wired broadband providers to disrupt mobile operators’
market share via the residential market.

This market study, which is an update to the market study published in the second
quarter of 2017, provides an explanation of how the CBRS licensing scheme works,
how the technology elements of the new band work, and the implications of both
on the potential adoption of CBRS as another tool in the toolkit to address
demand for bandwidth. It also provides a forecast from 2017 to 2022 of the total
number of CBRS nodes expected to be deployed in the U.S. The forecasted
number of nodes is categorized by Outdoor WISP, Outdoor nonWISP, Inside
Commercial, and Inside Residential.

Key questions addressed in this study:
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=  What is CBRS?

=  What are the different license types of CBRS?

= How does the licensing scheme work? What is the potential impact?

=  Who are the likely adopters of CBRS?

=  What is the current state of the CBRS market?

= How many CBRS nodes of the following categories — outdoor WISP, outdoor
nonWISP, inside commercial, and inside residential — are expected to be
deployed in the U.S. between 2017 and 20227

This market study is recommended for:

= Mobile operators, particularly those servicing the U.S. market

= Mobile backhaul providers, including telcos and cable MSOs

=  Wired and wireless backhaul vendors and solution providers

= Mobile OEMs, particularly those servicing the U.S. market

=  Wired and wireless infrastructure vendors, particularly those servicing the
U.S. market

=  Financial and investment analysts.
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