Global RAN
Infrastructure
Spending Forecast,
2017-2027: RAN in
the U.S., Europe and
Asia Pacific

Market Study
Second Quarter, 2018

ALIGR



ALIGR

Global RAN Infrastructure Spending
Forecast, 2017-2027: RAN in the
U.S., Europe and Asia Pacific

Market Study

Published Second Quarter, 2018
Version 1.0
Report Number: 02Q2018-07

iGR

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



Table of Contents

LY <13 4 Yot 1
EXECULIVE SUMMAIY ..c.uiieeiieeiiieecrieerieerteneeraserrnserenserenseressernssssassssnssssnssssnsssensesensesansenen 3
Figure A: RAN Infrastructure Build Spending by Region, 2017-2027 (SM)....cccovevvvrevcrerernnen. 5
Figure B: RAN Infrastructure Build Spending by Generation, 2017-2027 (SM)....cccceevvvreenneen. 6

1Y LY4 o T To o] (o - Y AP RPRt 7
NEetWOIrk MOodel ........ciiiiieiiiiiiiiiiiiiiireinireis s ieseesssresssssrenssssssenssssssensssssssnsssssssnssssns 7
Current Model ASSUMPLIONS .....ciiveeiiiiieeiiiiieniiiiieniiiiesiiiiessieiressosirensssssssssssssssssssssssnssssns 8
5G Model ASSUMPLIONS....ciiiieiiiiiieiiiiineiiiiiensiiiiensiiitesisiressesiresossrensssssssnsssssssnsssssssnssssss 9
Variance from mobile operator financial disclosures ........cccccciiveeiiiiieeiiiiienniiiiennennenn. 10
Basic Mobile Operator Network ArchiteCture.....cc.cceeeeeeerreeniereennrcerennereenneereenereennnes 12
Figure 1: Basic Components of Cellular Voice/Data NetWOrk .......ccceeevveveeeiiiiieieeiiiiieeecens 12
IMIIIVIO ... ceeietceeeeeeeees s s e eeeennsssssesssseeeesnnnsssssssseneeennnssssssssseeeennnnssssssssseneennnnssssssssnnneennnnnnnnn 14
MASSIVE IMIIIVIO .....cuuiiieiiiiiniiiieiiiieiiieniieesinsssinassirasssrasssrsessrsssstesssssssssrssssssssssassssassssssssssnssses 15
VA AT LT o Y=Y ot d T 4o T 16
L7 Y 1 = PP 19
Figure 2: Typical MacrOCEll Site....cueeeeeiii i e e e e e e e e e e e e e e e e eeeeeereeens 21
EXPanding Cell Sit€ CAPaCity ...uuucceeiieiiieiii i e e e e e e e e e e e e e e e e e e eeeeaeaeaees 21
3GPP Releases and Standards.......cccccceeiiiiieeeiiiiiiiineiiiiiiiieeseeen. 23
3GPP RelEaSE 11 ......iiieeeiiiineeiiiiineeiiieenssiiienssiiieasssesieasssssssnsssssssssssssssssssssssnsssssssnssssssannsssns 23
3GPP ReIEASE 12 ......iiieeeiiiineniiiiineeiiiieenssiiieesssiiiesssesisasssssssssssssssssssssssssssssssssssssssnssssssannsssns 23
3GPP RelEaSe 13 ......iiiieeiiiiineeiiiiieeeiiiiennsiiieenssiiiessssesieasssssssssssssssssssssssnsssssssnsssssssnssssssannsssns 25
3GPP ReIEASE 14-16 ....cccuuiiiinenniiiinnniiiiennssiiienssiiiiesnserisasssossssnssssssssssssssssssssssssssssssnnssssssnnsssns 28
Carrier AZEregation .......cccciceiiiieiiiiiiiiecrreneerterereetrennerensesnnsesrnsssenssresssrensssensssensessnsessnsessnne 28
Figure 3: Carrier Aggregation, LTE-AdVANCEA.........coevvvviiiiiiiiiiiiciieieieee e e e e e e e e e e eeeeeeeeeeeeeens 29
COMP ... eieeeeeeeeeeeee s e rereennessseessseeeernnnsssssssseeeesnnnssssssssseeeesnnnssssssssseeesnnnnsssssssseneesnnnnnnnsnsnnns 30
Figure 4: OVErVIEW Of COMP ....ueeiceee e s e e e e e e e e e e e e e eeaaeeeeaeeeseeens 30

0 [ T e =Y [ 31
Figure 5: Example of Intercell INterferenCe.........oooveeeeeveeeiiiicccccrereeeee e, 32
Figure 6: Example of Coordinated Resource Blocks via ICIC ........ceeeieieieeeieieeeeiiiieeeeeeeeeeeeeees 32
Figure 7: Blanking of subframes in €ICIC ..........coooiiiiiieiiiiirrrerer e e e e e e e e e e e e e e e e eeeeeeeens 33
What iS5G . .iiieeiiiiiiiiiieiiiiiiiieeniiesiteeensssisseenssssssssttsnsssssssssssssssssssssssnsssssssssssnnnssnns 34
Potential Requirements Of 5G......cccceiiieeiiieiirniieenetrenierneserensrenessasesrnsessnssssassesensessnssssnssses 34
5G NetWOrk NEES ......ccoiiiiieuniiiiiiiienniiiiiiiieneiiiiiieesssiiisiimsssssisssssssssssssssssssssssssssssns 37
Y 1= 4 VT o T N LT =T K 37
Challenges Along the ROad t0 5G.......ccciieeiirieiiieeiiennerennertnscernsssenssresserenserensssensessnsessnssssnns 37
What will the first 5G Nnetworks 100k like? .......cceceiiiiieeiiiiiiniiiiiicniiiieiereeeserrenesenee 38
MIMO & BEaMFOIMING ..cccuniiieiiieniiienirenereenerranereesesrasceressseenssrensessasessassssnssssassssansessnssssnsssen 38
Figure 8: Beamforming and MIMO...........cooiiiiiiiiieeeeeeeeeeeeee e e e e e e e e e e e e e e e e e e e eeeeeeeeeens 39
FIBUIE 9: 2X2 IMIIMOD ... ittt e e e e ettt e e e e e et aaae e e e e eaa b e e eeaaeasaaeeeeeeesnnanes 40
IMU-IMIIIMIO ... . occeeeeeeeceessesreeeneesseeessseeeesnnssssssssseseeennnssssssssssseesnnnssssssssseseennnnsssssssssnneennnnnnnns 42

Distribution of this report outside of your company or organization is strictly prohibited. Copyright © 2018
iGillottResearch Inc.



Figure 10: Conceptual view of MU-MIMO .........ooooiiiiiiiiiiiiiiiicrreseseeeee e e e e e e e eeeeeeeeeeeeeeeeens
Figure 11: Another take on MU-MIMO .........ccooiiiiiiiiiieeeieie e ere e e e e e e e e e e e e e e e e eeeeeeeeeeeens
Massive MIMO and MMWaVe......cccuiiiiireeiiiinneiniimnessiiimnessiisssssiimssssiiesssssssessssssssssssssssnsss
Figure 12: Analog and Digital Beamforming for mmWave........ccccceeeieieieiiinieiiiiiiiiieeeeeeeeeeeeee
Figure 13: Prototype Massive MIMO Antenna, Lund University....ccccccceeeeeeeeeieiiiiiiiienieeeeene,
Figure 14: Other Massive MIMO ANtenNa DESIZNS ....cevvvvririiriiiiiiiiiieiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeens
Figure 15: Massive MIMO Antenna DeSigNSs / SYStEMS ....coovvvviiiiiiiieieeeeeieeeeeeereee e eereeee e e

L T=F 100 o] o 3 011 1 V- RN
Figure 16: Conceptual view of Analog and Digital Beamforming.....ccccccceeeeeeiiiiiiiiiiinininneeenn,
Figure 17: Inter-relation of Beamforming and MIMO ...........uuuuiiiiiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeeeeens
Use of MIMO and Beamforming .......cccivveeiiiiiineiiiiiineniniinneiniinmessiienesiiesesimessssssesesssssessss
What the Industry is Doing to Prepare for 5G ........ccccceveeeeereennereeenneerennnecreenseesensseceenns
[ 1= LY o= 1 4 T
IN-DUIIAING COVEIAZE «.cueiieeirieiireiireeereeertenereeeeseesesreseereessrenssrensessasessnsssenssssnssssansesensssnsasen
D-RAN aNd C-RAN .......uuciiiiiiieecceeeeeeistrreennnessssssseseeennnssssssssssseeennnsssssssssseeennnnsssssssssnnesnnnnnnnns
L0 PP
LTE Release 12 and Release 13.......c.ccciiiieeiiiiinneiiiiineiininnesssiinsesssiiessssssiessssssssssssssssnsssssssnnss
Front-/Backhaul in the 5G WOrld............iiiiieeeneiiiiiieeeeeeiiieeeeenenecesseessssssssssesssssssssssees
The FUNCEIONAl SPHit ... cceiiieiieeiieeic ittt rreeereeereae e reaseseasesrnsnsrnssssensesensessnsesrnsssennssnannes
Table 1: CPRI/ORI Interface Specifications and projected bit-rates for RRH Links................

=T of . PP TTOTRPPRRS
Figure 18: eCPRI System and Interface Definition...........uuuviiiiiiiiiiiiiiiiieee e,
Figure 19: @CPRI FUNCLIONAl SPIItS coeeeeiieeee e e e e e e e e e e e e e e e e e e e e eeeeeens
Fronthaul Lite ....ciiveeriiiiieeiiiiiiiiiiiiniciiineeisiinnesisiineessstinsesssssesssssssesssssssensssssssnsssssannsssssasnnns
N7 24 T= 1
Figure 20: NGIF DiaSram ...uuu ittt e e e e e ettt e e e e e et aaee e e e e eaaba e e e eeeessaaeeeeeeesnnnnss
Figure 21: Splitting the PrOCESSING ccoeveieeeeee e e e e e e e e e e e e e e e e e e e e e eeeeeeaeeens
5G New Radio gNB and Functional Split Options.....ccccceecerreeiirieiriencirencereencreeereeerenneernseennes
Figure 22: Examples of CU-DU Functional Split Configurations ......ccccceeeeeeeeeiiiiiiiiiiiiiiiiienenn,
IN-band front/DackRaul .......ceeeuiiriieeiiriireiiriireiirrrreirersesseseesssseseesasssssessssssesssssssessassssesnans
RAN Infrastructure Build Cost FOrecast.......cccceeriiiiiininnniiiiiinennniiiinineessiinninesssnn
Methodology and ASSUMPRIONS ......ceuiieeiiieiiieiiiieiireecerientreeerenereasesrnsesensessessesessessnssssnsases
U.S. RAN Infrastructure Build SPending .......ccceueieeeiirieiirieiiieeniienereeneeresesenseseenerensereasseensnes
Table 2a: U.S. RAN Infrastructure Build Spending, 2017-2022 (SM) ..cuvevvveeevieeeeiee e,
Table 2b: U.S. RAN Infrastructure Build Spending, 2023-2027 (SM)......coovuvvevveeeeieeeereeeene
Figure 23: U.S. RAN Infrastructure Build Spending, 2017-2027 (SM).....coovvvvevrereveeeeereeenne
U.S. RAN Infrastructure Build Spending by Generation ........ccccceeereeerreeiiieecirencerencreencnennene.
Table 3a: U.S. RAN Infrastructure Build Spending by Generation, 2017-2022 (SM).............
Table 3b: U.S. RAN Infrastructure Build Spending by Generation, 2023-2027 (SM).............
Figure 24: U.S. RAN Infrastructure Build Spending by Generation, 2017-2027 (SM)............
Figure 25: U.S. RAN Infrastructure Build Spending by Generation, 2017-2027(%) ...............
Europe RAN Infrastructure Build SPending......ccccceucereeiirieiiieeiiieeiereeerreecrreeeeeencerenserensenensne
Table 4a: Europe RAN Infrastructure Build Spending, 2017-2022 (SM)...ccoeovvuveevveeevneeenne.
Table 4b: Europe RAN Infrastructure Build Spending, 2023-2027 (SM)...cvevvvvvvvevveeeeneeenee.

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 © 2018 iGillottResearch, Inc. Reproduction is forbidden unless authorized.
FOR INFORMATION PLEASE CONTACT IAIN GILLOTT (512) 263-5682.



Figure 26: Europe RAN Infrastructure Build Spending, 2017-2027 (SM) ....ccovvvvvevueeeenenenne. 75

Europe RAN Infrastructure Build Spending by Generation ........cccceeeeerreiiieeciienccreecreencrennnne. 75
Table 5a: Europe RAN Infrastructure Build Spending by Generation, 2017-2022 (SM)......... 76
Table 5b: Europe RAN Infrastructure Build Spending by Generation, 2023-2027 (SM)........ 76
Figure 27: Europe RAN Infrastructure Build Spending by Generation, 2017-2027 (SM) ...... 76
Figure 28: Europe RAN Infrastructure Build Spending by Generation, 2017-2027(%)........... 77

Asia Pacific RAN Infrastructure Build Spending ........ccoceuereeiiieiiiecrienciriecereenrnenerennessnseennes 77
Table 6a: Asia Pacific RAN Infrastructure Build Spending, 2017-2022 (SM) .....coovvuvveeverennee. 78
Table 6b: Asia Pacific RAN Infrastructure Build Spending, 2023-2027 (SM) .....ooovvuvvevvnnennee. 78
Figure 29: Asia Pacific RAN Infrastructure Build Spending by Component, 2017-2027 (SM)78

Asia Pacific RAN Infrastructure Build Spending by Generation .........cccceveecereeireecreencreennnnee. 78

Table 7a: Asia Pacific RAN Infrastructure Build Spending by Generation, 2017-2022 (SM) .79
Table 7b: Asia Pacific RAN Infrastructure Build Spending by Generation, 2023-2027 (SM) .79
Figure 30: Asia Pacific RAN Infrastructure Build Spending by Generation, 2017-2027 (SM) 80
Figure 31: Asia Pacific RAN Infrastructure Build Spending by Generation, 2017-2027(%)....80

RAN VeNdOor Profil@S.......cccceeieeeeiiieenierienniereeeneeerenneereenseessenseesesnssesssnssesssnssesssnssesssnnnes 81
Y 14 1o 1 - T U 81

Y 4 Lol =1 1 | 83
Y © o1 S 85
BlUE DANUDBE ... .cce e ceeccei ettt rreeeereeereenereanesenseseasesrasssresssssnssrensessasessnsssenssssnssssansesenssnsnnanen 87
1= o - RN 89
(8007472 4 1o olo ] o 1= RN 91
T ot 3 o] TP RN 93
Fujitsu Network CommuUNICAtiONS...c..cieeuiiieniireiiieniireeeerientrenerenereasesrnsssenssssesssrensessnssnsnseses 97

L LT YT 100
11 1 =] 103
JIVIA Wir@IESS o ucennnieenireenertenirteeerteneerennereosseensssensessasessnsssenssssassssensessassssnsssensessnssssnsnssnnnssnnne 106

1Y Y=Y o T U 107
[\ o PPN 110

[\ =Y 2 - U 113
NOKIQ NEEWOIKS....ccuiieeneiiieiirieiirenierenerteneerneeseeserensereasersnsssensessassernsssssnsssensessnsessnssssnnnssnnne 115

[ & T [V 119
SAMSUNG El@CEIONICS ..cuuieeiiiiiiiiiieiiteeiireniereaerrenttreserennesresnereessrensssensessasesrnsssenssssensesensensnnnns 122
TeXas INSEIUMENLES ....cuuiieiiiiiiiiiiiiieeieerieeeitees e tentresseesteestassrasssassesssassrnsssnssesssasssnssrnnns 125
VAV certeiiieiienereeerrneeerneertenerensereasesrasssensessnssernssssessssenssesensessnssssnsssenssssansensnssssnsssenssssnnsnnnn 126

[0 T=Y 1311 oY T 131
DLy T dTeY o I - | o] [T PURPPUPPR Nt 131

F Y o T 101 A [ - SN 151
[0 1Tl =11y 1 1= U 151

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 © 2018 iGillottResearch, Inc. Reproduction is forbidden unless authorized.
FOR INFORMATION PLEASE CONTACT IAIN GILLOTT (512) 263-5682.



Abstract

The first part of the evolution to 5G involves the RAN (Radio Access Network) with
the deployment of the first part of the 3GPP Release 15 standard called 5G NR (New
Radio). The next step will be to deploy the new packet core and subsequent 3GPP
releases. Historically, the majority of build and operating spending on the mobile
network has been for the RAN and this is not expected to change as 5G is deployed.

5G RAN will also involve new spectrum, specifically in the mmWave and 3.5 GHz
bands. While 5G is not defined by the spectrum used, iGR expects that 5G will
eventually be deployed in all spectrum bands currently used today for LTE. RAN build
spending will therefore continue until at least the middle of next decade, as the
industry upgrades the current 4G LTE to 5G and implements new spectrum bands
with 5G.

But this migration will not be without challenges for the industry. As well as the move
to cloud RAN (C-RAN), increased use of small cells and virtualized solutions, the
mobile operators are also increasing the use of off-the-shelf hardware and open RAN
solutions. This will significantly impact the amount spent on 5G RAN, the current
vendors and the opportunities for new market entrants.

This market study presents a summary of iGR’s RAN research, including build
spending in the U.S., Europe and Asia Pacific.

Key questions addressed in this market study include:

=  What are the various 3GPP standards leading up to 5G and what are they likely
to contain for the RAN?

=  What is 5G? How is it defined and/or viewed right now? When will 5G be
deployed?

=  What are some of the goals and use cases for 5G?

= How will U.S. mobile operators get from their 4G LTE networks of today to
tomorrow’s 5G networks?

= What are the key RAN technologies that will enable 5G, such as Massive MIMO
and beamforming?

= How bigisthe LTE and 5G RAN infrastructure opportunity in the U.S., Europe and
Asia Pacific in the next ten years?

= How is the RAN infrastructure spending split between 4G and 5G in the U.S,,
Europe and Asia Pacific in the next ten years?
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= What is the expected impact of eCPRI and other enhancements to the Radio-
baseband interface?

=  Whatis the expected impact of open RAN?

=  Who are some of the major vendors that will support LTE and 5G RAN over the
next ten years?

Who should read this report?

= Mobile operators

= Infrastructure OEMs

=  Small cell product and solution vendors

= Financial analysts and investors.
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