U.S. Manufacturing
Buildings and
Factories: Cellular
In-building Wireless
Spending Forecast,
2020-2025

Market Study
Second Quarter 2021

ALIGR



ALIGR

U.S. Manufacturing Buildings
and Factories: Cellular In-
building Wireless Spending,
2020-2025

Market Study

Published Second Quarter 2021
Version 1.0
Report Number: 02Q2021-09

iGR

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



Table of Contents

Y ¢T3 4 Vot 1
EXECULIVE SUMMAIY cccuiiiiiiiiiiiieiiiiiieiiiiieiiiiseisinnsssiissssstisssssirssssssnesssssssssssssssssssssnssssss 3
Table A: Total Spending in Manufacturing Buildings by Spectrum, 2020-2025 ..........cc..c....... 3
Figure A: Total Spending in Manufacturing Buildings by Spectrum, 2020-2025...................... 4
What This IMEaANS.....ciiiieeeeeiiiiiiiiiiinnneiiieiiitenresnssssssesiteesssnsssssssssseesssnsssssssssssssssnnsssssssssssssnnnns 4
(1YL= 3 o T [ o -4V 6
R o 10 ol 6
2021 ReViS@d FOr@CaSt ...ccvvuuuerieiiiiiiirennniiiseiiiiiinennssssssssiiitessnssssssssssssesssssssssssssssssssnnsssssssssanes 6

[0 T2 1T 11 4T T 13RO TTTTO 7
Manufacturing & IBW.......cccieeeueiiiiiiiienniiiiiiinemmiiiiinemmmsiiimeesssssimmemsssimmsssssssssnn 8
802.15 aNd 802.11 ....cceeuuiiiineniirieneneireenesiereennsseseennseeseennsssseensssssesnnsssssnnssesssnnssessennssssannsanes 8
Reasons for limited deployment ........ccuvveeiiiiiiiiiiiiiiiiiiiiinnreecesennerrressneesssssssessessnssssssans 8
INAUSTIY 4.0 ...iiiiiiieeeeeiiiiiiiiineeneeseeritttesnnessssssssstmsesnnsssssssssssasssnsssssssssssssssnnssssssssssssesnnnnsssssss 9
Case Studies: 5G and ManUFfaCtUriNg........cccoiiiiiiimmniiiiiiiiiiiienseeriinersesssssessteessssssssssssssan 10
What is required for @ Smart FACtOry? ......ccciieeiiiiiiiiiiiiiiennssiieniiieeimnsseniieersssssssssssssssens 13
MaJOr CRallENEES...ccuueeiiiiiiiiiiiiiiiiiiiitrreeeesess st tresesnsssssssstsessnnssssssssssssessnnsssssssssssassnnnnssssns 14
SUMIMATY 1 euuiiieiireeiireeiireeirieirreireesiteasetrassraessrssssrssssrssssrsesstessssensssrasssrsessrssssrssssssnssssnssssnes 14
Technologies and Spectrum Behind Connected Manufacturing Buildings .................. 15
L5 C N 15
1211771 = OO P PP OPPRPPPPPON 16

L 2 I PR 16
00117 L PP 17

5G Services and USE CASES ceeeiiiiiiiiiiiiiiititieeee e e e e ettt et e e e e e e s sttt e e e e e e e e s e s sassbbeaeeaeaeeeeens 17
L0233 N 17
MMV AV .. ittt ree et rsessteassteasssrasssrasssrssssrsssersssssessssenssssnsssrnsssrssssrsnssnen 18
Outlook for the Manufacturing Building Cellular IBW Market.......cccccceeeiiirrrrnnnccinnnnens 19
Measuring Impact of COVID-19.......c.ciiiiemmeriiiiiiiiinienneiiiiiiiiieennssssissiimssnmssssssssssmssssssssssns 19
Table 1: Pandemic Influence on Building Categories .......cccccvevveiieeeeriiieee e 19
Current Trends and COVID Impact on Manufacturing Buildings ........c.ceeeeeeiiciiiiiinennnniicennnns 19
Impact of COVID-19 on Cellular IBW Forecast for Manufacturing Buildings............cccveeenan. 23
Cellular IBW Spending Forecast Methodology and Assumptions...........cccccceeecinnnennnees 25
Basic Pandemic ASSUMPLION .......uiiiiiiiiiiieiiiiiiiiiiiceeeeiiiiiinisesssssssssissiressnnsssssssssssssssnnsssssns 25
Buildings Methodology.......ccueuuuiiiiiiiiiiiiiiiiiniiiiieeeeeisinstrrseensesssssssssnessnnsssssssssssnsssnnsssssns 25
Table 2: Number of Buildings and Enclosed Floor Space, U.S. Manufacturing Sites............. 26
Figure 1: Number of Buildings and Enclosed Floor Space, U.S. Manufacturing Sites............ 27
Node Forecast MethodolOgyY.........ccciiiiiiimmeiiiiiiiiiiieemneiiiiiniiiieenneeesiissiiessnnesssssssssssssssnsssssns 27

4GR '

Quoting information from an iGillottResearch publication: external — any iGillottResearch information that is to be used in
press releases, sales presentations, marketing materials, advertising, or promotional materials requires prior written approval from
iGillottResearch. iGillottResearch reserves the right to deny approval of external usage for any reason. Internal-quoting individual sentences and
paragraphs for use in your company’s internal communications activities does not require permission from iGillottResearch. The use of large
portions or the reproduction of any iGillottResearch document in its entirety does require prior written approval and may have some financial
implications.

Copyright © 2021 iGillottResearch, Inc. Reproduction is forbidden unless authorized.
FOR INFORMATION PLEASE CONTACT IAIN GILLOTT (512) 263-5682



Technology-specific forecast assUMPLIONS ......cceeuiiiiieiiiiiieiiiiieiriiireneeerreeeeereennseereennseeseens 28

Network Build Spending MethodolOgy .........ccciiiiiiiimeeiiiiiiiiiiieeneniiiiiiiiieenneesssnnenneessssssssns 30
Operational Spending MethodolOgY ........ccciiiiiiiimmiiiiiiiiiiiieniceniinirseeeessesrineesssssssssssssen 31
Cellular IBW Spending Forecast — Manufacturing Buildings .......cccccceeiiiirinnnniiiiiinnnnnn. 33
SUD 6 GHZ BANAS......cciiiiiiiiinnniieiiiiiiirennesiseeiitinssnssssssssssittessnssssssssssessssnsssssssssssassssnnsssssssssans 33
NETWOTK BUII.....eeiieieeiiiiiee ettt e e e et e e e s sbte e e e s sntaeeesssnbaneessansrneeessnns 33
Table 3: Sub 6 GHz Network Build Spending by Manufacturing Subsector, 2020-2025 ....... 33
Figure 2: Sub 6 GHz Network Build Spending, 2020-2025.........cccoociiiieiriiieeeeeiiieeeeeeiieeee e 34
Figure 3: Sub 6 GHz Network Build Spending by Manufacturing Subsector, 2020-2025 ...... 34
(0] o 1T =Y o] o - PSP PPP 34
Table 4: Sub 6 GHz Operational Spending by Manufacturing Subsector, 2020-2025 ........... 35
Figure 4: Sub 6 GHz Operational Spending, 2020-2025 .......cccceeeiviiiireeeiiieee e esiree e 35
Figure 5: Sub 6 GHz Operational Spending by Manufacturing Subsector, 2020-2025.......... 36
Total SUD 6 GHZ SPENAING ...evveiiiiiiiiiee ettt et e e e e e e s s sbee e e e s snreeeeennsees 36
Table 5: Total Sub 6 GHz Spending for Manufacturing Buildings, 2020-2025...........cc.......... 36
Figure 6: Total Sub 6 GHz Spending for Manufacturing Buildings, 2020-2025.............cc....... 37
OB RS ... iiiiiieiieeiseeesesesseesssesssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssnnes 37
NETWOTK BUII.....eeeieiee ettt e e st e e e s sbae e e e s snbaeeesssnbaneeessnsrneeesnnns 37
Table 6: CBRS Network Build Spending by Manufacturing Subsector, 2020-2025 ............... 37
Figure 7: CBRS Network Build Spending, 2020-2025........cccccviireiriiiereeiiiieeeeesiieeeeesveneeeennns 38
Figure 8: CBRS Network Build Spending by Manufacturing Subsector, 2020-2025 .............. 39
(0] o 1T =Y o] s - PSSP PPP 39
Table 7: CBRS Operational Spending by Manufacturing Subsector, 2020-2025 ................... 39
Figure 9: CBRS Operational Spending, 2020-2025 .........ccoiviiiiieeiriiieeeerciieeeessieeeeessnnneeesnans 40
Figure 10: CBRS Operational Spending by Manufacturing Subsector, 2020-2025................. 41
TOtal CBRS SPENAING...uttiiiiiiiiiie ettt ettt ettt e et e e e e st e e e s st e e e e sabeeee s ssabteaeessnsreeeeesnnsees 41
Table 8: Total CBRS Spending for Manufacturing Buildings, 2020-2025..........cccccoeevveeeennnee. 41
Figure 11: Total CBRS Spending for Manufacturing Buildings, 2020-2025..........ccccceevveeennns 42
MMV AV .. ittt ettt raetrsessteassteasssrasssrasssrssssrssssrsesssessstenssssnsssrasssrsessrsnssnen 42
NETWOTK BUII.....eeiieieeciieiee ettt e e et e e e s sbte e e e s sntaeeesssnbaneeesansrneeessnns 42
Table 9: mmWave Network Build Spending by Manufacturing Subsector, 2020-2025 ........ 42
Figure 12: mmWave Network Build Spending, 2020-2025 .........cccovereeriiieeeeiiciiieeeeniieeeeenans 43
Figure 13: mmWave Network Build Spending by Manufacturing Subsector, 2020-2025.....44
(0] o 1T =Y o] s - PSSP PPP 44
Table 10: mmWave Operational Spending by Manufacturing Subsector, 2020-2025........... 44
Figure 14: mmWave Operational Spending, 2020-2025 .........ccoevvcvreeeeriiiieeeeiiiieeeeeniineeesnans 45
Figure 15: mmWave Operational Spending by Manufacturing Subsector, 2020-2025......... 46
Total MMWaAVE SPENAING ....evvieiiiiiiiie et e e et e e e et e e s s sbte e e e s snteaeeesnnrees 46
Table 11: Total mmWave Spending for Manufacturing Buildings, 2020-2025...................... 46
Figure 16: Total mmWave Spending for Manufacturing Buildings, 2020-2025 .................... 47
Total Spending for Manufacturing BUuildings .........ccciiiiiiimmeiiiiiiiiiinienniiiniieeneeeneee. 47
Table 12: Total Spending in Manufacturing Buildings by Spectrum, 2020-2025................... 47
Figure 17: Total Spending in Manufacturing Buildings by Spectrum, 2020-2025 ................. 48

4GR 2

Quoting information from an iGillottResearch publication: external — any iGillottResearch information that is to be used in
press releases, sales presentations, marketing materials, advertising, or promotional materials requires prior written approval from
iGillottResearch. iGillottResearch reserves the right to deny approval of external usage for any reason. Internal-quoting individual sentences and
paragraphs for use in your company’s internal communications activities does not require permission from iGillottResearch. The use of large
portions or the reproduction of any iGillottResearch document in its entirety does require prior written approval and may have some financial
implications.

Copyright © 2021 iGillottResearch, Inc. Reproduction is forbidden unless authorized.
FOR INFORMATION PLEASE CONTACT IAIN GILLOTT (512) 263-5682



Figure 18: Total Spending in Manufacturing Buildings, 2020-2025
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Abstract

LGR

There are many thousands of U.S. manufacturing buildings, such as factories,
assembly plants and mills. With the advent of 5G New Radio (NR) as the next “G”
in the evolution of cellular technologies, 5G, whether it is deployed on sub 6 GHz,
CBRS or mmWave spectrum, is seen as a way to enable the factory floor with very
high throughput, ultra-reliable and low latency cellular solutions. This is seen as
the path toward the “smart factory.”

This market study provides a revised forecast of the cellular in-building wireless
(IBW) market for manufacturing buildings. iGR found that due to the pandemic,
the IBW market for 2020 and beyond is significantly different than it was
previously. The 2021 revised forecast was modeled with:

e New data and assumptions regarding the (ongoing) COVID-19 pandemic

e Information gathered from conversations with multiple solution providers in
the IBW market.

Included in the market study is a five-year forecast for both network build
spending and operational spending for the deployment of cellular IBW in U.S.
manufacturing buildings in the sub 6 GHz, CBRS, and mmWave bands.

Key questions addressed in this study:

=  What is a manufacturing building or factory? What applications and services
are enabled in a manufacturing building?

= How has COVID-19 impacted the IBW market for manufacturing buildings?

=  How much will be spent to build and operate sub 6 GHz, CBRS and mmWave
IBW systems in U.S. manufacturing buildings from 2020 to 20257

=  What technologies are required for a smart manufacturing building?

=  What are 5G, CBRS, and mmWave, some of the technologies and spectrums
that will support cellular IBW?

This market study is recommended for:

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