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not in any respect preclude any member or nonmember of BICSI from manufacturing or selling products not
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This standard does not purport to address all safety issues or applicable regulatory requirements associated with its
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conjunction with the use of this standard. Where differences occur, those items listed within the codes or
regulations of the AHJ supersede any requirement or recommendation of this standard.

All warranties, express or implied, are disclaimed, including without limitation, any and all warranties concerning
the accuracy of the contents, its fitness or appropriateness for a particular purpose or use, its merchantability and
its non-infringement of any third party’s intellectual property rights. BICSI expressly disclaims any and all
responsibilities for the accuracy of the contents and makes no representations or warranties regarding the content’s
compliance with any applicable statute, rule, or regulation.

BICSI shall not be liable for any and all damages, direct or indirect, arising from or relating to any use of the
contents contained herein, including without limitation any and all indirect, special, incidental, or consequential
damages (including damages for loss of business, loss of profits, litigation, or the like), whether based upon breach
of contract, breach of warranty, tort (including negligence), product liability or otherwise, even if advised of the
possibility of such damages. The foregoing negation of damages is a fundamental element of the use of the
contents hereof, and these contents would not be published by BICSI without such limitations.



Distributed Antenna System (DAS) Design and Implementation Best Practices

1.1
1.1.1

1.2
1.3

21

4.1
4.2
4.3

5.1
5.2
53

6.1

6.1.1
6.1.2
6.1.3
6.1.4

6.2

6.2.1
6.2.2
6.2.3

6.3

6.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.3.6

6.4

6.4.1
6.4.2
6.4.3

6.5

6.5.1
6.5.2
6.5.3
6.5.4

TABLE OF CONTENTS

P REF A CE ... e e Xi
INEFOAUCTION .t e et e e e e e e e e e e e e e 1
Overview 1
Trends ATECtING DAS ...ttt b ettt ettt s ae e s bt e bt et et eatesbeenbeen 2
Purpose 3
Categories of Criteria 3
101 1= SN 3
Limitations 3
Required Standards and DOCUMENTS .........oovviiiiiiiiiiiiiiiiieieieeeeeie e 5
Definitions, Acronyms, Abbreviations, and Units of Measurement.............ccccccee..... 7
Definitions 7
Acronyms and Abbreviations 10
Units of Measurement 11
Regulatory and Safety.........cooiiiiiiiii e e 13
Local Code Requirements 13
Local DAS Requirements 13
Personnel Safety Requirements 13
Distributed Antenna Systems and COMPONENTS.........uuiiiieeiiiiiiiiiiiie e 15
Types of DAS 15
O VETVIBW ...ttt ettt ettt b ettt et s et e sh e e s bt et e em et ea e eh e e eb e e bt emb e embeemtesaeesaee bt embeenbeenteebe et e enbeenteemaesaeas 15
PaSSIVE DIAS ..ottt a e bbbt ettt h e s h e bt ettt ea e e h e bt e b et e eaeas 15
ACTIVE DIAS Lottt h e bttt et ettt h e bt et et e a e e bt e b e b ettt eaeas 16
HYDIIA DAS ettt ettt ettt e st e s e et e beeh e e bt e neen e et et e beeheebeeneene et eeeaneanea 17
Signal Source Technology 18
TIETOAUCTION ...ttt b e bt e et eat e s e e seee bt et e st e sateebe e bt enbeenaeemaesaeas 18
ComMON SIZNAL TYPES ...ttt ettt ettt et sttt e saee bt et et eeatesbe et e e beenteenneeaeas 18
Common ServiCes and SYSIEIMS ....cccvieiciieiiieiieeiiieeteeriee st esteesteessteesaeessseessseessseessseessseessseessseessseessses 20
Headend and Backend Equipment 21
OVETVIBW ...ttt ettt ettt e b e bt et et e a et sa e e s bt et e eat e ea e eh e e eb e e b e embeem bt emtesheesaee bt embeemteeateebe et e enbeenseemnesaeas 21
Master Control Unit (IMCU) ......cccuiiiiiiiiieiiieeieeeite sttt sve ettt seve ettt e saeessaeessaeessseessseensseesssaensseessseenssens 21
Signal Booster (Bidirectional AMPIITIET) .......ceecuieiiiieiiiieiiiecieeeeeee ettt 22
RF SOUICE EQUIPIMENL ....eociiiiiiieiiieiiie ettt ettt et st e st e siae e st e saaeessseessbeessseesssaensseesssaensseessseenssens 22
Backend EQUIPIMENT .......ocoviiiiieiiieiiiecieesit ettt et st e st e st e seaeessteessaeessseessseessseesssaensseessseensseessseenssens 22
Remote Monitoring and Network Management............c.cceecueeverienieenieesiesieseeseeseeeeeesesseesseesseeseesesnnes 22
Passive Distribution Equipment 23
TIETOAUCTION ...ttt b e bt e et eat e s e e seee bt et e st e sateebe e bt enbeenaeemaesaeas 23
Passive INtermOAUIATION .......couiiiiiieiieie ettt ettt e 23
(0107010103115 1 LSOO P TR ROROTROPPOT 23
Cabling 24
(0T 5: < -1 L OO OO PRSPPI 24
RAIATING COAKIAL.....eetieiiieiiieiieei ettt ettt et st e st e bt ettt eat e eb e et e et e enteenneeaeas 26
Balanced TWIStEA-Pair .........coouiiiiiiiiieie ettt sttt ettt st 26
(03] 5Tz B 23 1o 1< TSP 27



ANSI/BICSI 006-2015

6.6

6.6.1
6.6.2
6.6.3
6.6.4

6.7

6.7.1
6.7.2
6.7.3
6.7.4
6.7.5
6.7.6
6.7.7
6.7.8

6.8

6.8.1
6.8.2
6.8.3

6.9
6.9.1

7
71

7.2

7.2.1
722
7.2.3
7.2.4

7.3

7.3.1
732
7.3.3

7.4

7.4.1
7.4.2
7.4.3

7.5

7.6

7.6.1
7.6.2
7.6.3

7.7

7.7.1
7.7.2
7.7.3
7.7.4

7.8

7.8.1
7.8.2
7.8.3
7.8.4

Antennas

OVEIVIEW ...ttt eete e ettt e et e e e et e e et e e e et e e e eeaaeeeeeaeaeeetaeeeeeaaeeeenaseaaans
Antenna Parameters .........coocoviiiiiiiiiiiieee e e
Antenna CharaCteriSTICS ... ..covviiiuieririeiieeereeereeereesreeeereesaeestreesareestseenaneenns
ANLENNA TYPES .eviiiiieiiieiieeeeeeee ettt s

Active Distribution Equipment

TTANSCEIVETS ..ttt ettt ettt sttt ettt ettt sbe e b e b et enaeeaeesaeenae
AMPITICTS 1.ttt ettt e et e s be e eaeesteeeaeesnbaeeaneenes
Bidirectional Amplifiers (BDA) ......ceooveiiirierieieeee e
Unidirectional AMPIIIErs .......ccvevvierieiiieiieeieee e
REPCALEIS ..cueiiiiiieiie et et
MEdia CONVEITETS .....cuveeereeeiertietieieeieeteseesaeeseeeseenseeasessaesseeseeseenseensesseennes

Electrical Components

OVETVIBW ....ententitenteetteit ettt sttt ettt ettt s b e bbbttt ettt be bt ebe et eneenee
SUPPIESSION UNILS ...eviiieeieiieieeie e sie sttt e eeesae e sseesessaesseesseeseenneens
POWET SUPPLY ettt

Software and Management Systems

OVEIVIEW ....eeeeeee et eeee e et e e e e e e e e et e e e eeaeeeeeaeeeeetaeeeenaneeeeenneeeens

DAS DESION oottt

Overview
DAS Personnel

OVETVIEW ...ttt sttt sttt sttt s eene
Division of Design and Installation Task Responsibilities
Designer QUalifiCations..........cerierirrieiiinierientee e
Installer and Service Personnel Qualifications..............ccocueeeeviiiieiiieecenenne.

Design and Implementation Coordination

OVEIVIEW ...t eetee e et e e e e e e e e e e e e et e e eeaaee e e e e e eetseeeenaneeeeenneeeenn
Plan DOCUMENTATION ..........ccoveeeeeireieeeieee et eeeee e e e eeaneeeen
Coordination of Specific Parti€s .........cccoevveeviiiiieeie e

Site Survey and Needs Analysis

STEE SUIVEY 1.nvientieeiieiee ettt ettt ettt et e et e st e teesteeseensessnessnesseeseenseans
NEEAS ANALYSIS. ...vieuiieiieieeieeie ettt ettt ettt e e e e esessaesseesseesseeseenseens
Building/Structure Construction ............coceveerieriieiieeiienienienceneee e

Cabling Topology
Pathways and Spaces

OVEIVIEW ...ttt ettt ettt ettt ettt sttt ettt et e e e eb e bt e b e e beesaeeaeeseeenae
SPACES ..ttt ettt sttt st ettt st e et esabeeeatee s
PaAthWAYS ...t es

Cabling

General REQUITEMENTS ........cccvieeiieiiieeiieciee et eieeeteeeeeesteeeaeesbaeeane e
Coaxial Cable......cccuiiiiieeiieciieeee e e
Balanced Twisted-Pair Cable...........ccoeeieriirienieiieiieieeeceeeee e
Optical FIDEr Cable.......c.occveiieiiieiieieeie et

Wireless Configuration

Signal Source and Site Orientation ............cceeeveeeriieecieeiieeiee e eceesee e
ADTETNA ...eiiiiiiieeeiee ettt sttt st ettt be e s e be e b e e
Power (Link) BUdgets ......cccecieiiieriieieeiecieseee ettt
RF Signal Conversion and COMDINING.........ccecvererererecieeienienienieenieeeeeeeees



Distributed Antenna System (DAS) Design and Implementation Best Practices

8 DAS Infrastructure Implementation ............ooiiiiiiiice e 57
8.1 Overview 57
8.2 Administration and Documentation 57
8.2.1 REQUITEIMEINLS ....e.eiiiieiieeit ettt ettt st e st e et ete et e e st e st e et e enseensesasesseesaeenseanseanseenseesseseensennsesnsennnes 57
8.2.2 RECOMMENAALIONS ....couvieeeieiiieiieeiieeiee ettt ettt et e et e et e et e e s e ensesssesaeessee st enseenseenseessenseensennsesnsennnas 57
8.3 Grounding, Bonding, and Lightning Protection Requirements 57
8.4 Cabling Installation Requirements 57
8.4.1 OVETVIEW ...eeiteeiiieeiteeeitteeteeetveesteesateessaeessteessseessseesssaeasseesssaeasseeasseesseessseensseessseesseeassaensseenssaensseenssesnssenn 57
8.4.2 REQUITEIMENES ..oeuvtieiiiiiiiieiieeeiee sttt st ettt e e st eesbe e sttt e sebeessaeessseessseessseessseessseensseesssaesseesssaensseessseenssens 58
8.4.3 RECOMMENAALIONS .....euvieuiieiiieiieeiieeiiesie ettt sttt et et e et e st e et e e b e ensesnsesseessee st enseenseesseessanseenseensesnsennnes 58
8.5 Antennas 58
8.5.1 DONOT ANEEINA ... .ieiiiiiiiieeieeeiieeteeeteeete et e steestteeeaeessteesssaeasseessseessseessseessseessseeasseessseensseessseensseesssesnsses 58
8.5.2 TNAOOT ANEEIINAS ....cuviiiiieiiieeeiie ettt ettt et e ettt e s be e sttt e sebeessteessseessseessseessseesssaensseesssaesseesssaensseensseenssens 58
8.6 DAS Specific Equipment 59
8.6.1 Bidirectional AMPLIer (BDA) ....oiiiiiiiiieeiieeieeeteeeeet ettt ettt sae et esae e st e e s beessbeessbeessseesnseennaeas 59
8.6.2 Remote AMPITIET MOAUIES.......cccuiiiiiiiiieciiececeeee ettt ettt sv e e stae e s sbeessaeessbaesseessseensseas 59
8.6.3 RECEIVETS ...eeiieeiteeie ettt ettt ettt e et e e st eestbeesaaeesabeeasaeessseesseessseesseesssaesseesssaensseenssaesseensseenssens 60
9 Management: Operations, Maintenance, and Administration .............ccccccccceeeieneeeen. 61
9.1 Introduction 61
9.2 Managing and Operating DAS and Small Cell Systems 61
9.2.1 SYSTEIM IMAINAZET ... ettt ittt ettt et ettt e sttt e sbt e e s st e ettt e s et e e beeesabeeabeeebbeenbaeebtesabeeeseesabeeenseesanes 61
9.2.2 Other Personnel NECded..........iviiiiiiiieiieie ettt enee e st e ssaesseenseenseensesnnas 62
9.3 Administration 63
9.3.1 DOCUMENEATION ...tieiiieiiieeieeeie e ettt et e st e st e e sttt e s sbeesabeessbeessbeessseeasseessseessseessseensseesssaensseesssaensseensseenssenn 63
9.4 System Testing and Inspection 63
94.1 GeNETal REQUITEIMENTS ... .ccuviiiiiieiiieiiiecieeeie et et e st st e e ste e sttt e seaeessaeessaeessseessseensseesssaesseesssaensseensseenssens 63
94.2 ANNUAL TESTINE ..ottt ettt ettt a e s b e b et e et e ea b e sa e e sbee bt e bt eateeateebeenbeenbeenbeennesaeas 64
9.4.3 FAVE- Y AT TSN, c.utiiiiieiiiieeiie ettt ettt et et e s ae e sttt e s ebeessbeessaeessseessseesseesssaensseesssaesseesssaesseensseenssens 65
9.4.4 FIELA TESLIIE ..ottt ettt et ettt b e b et et e et e sa e e sbee st e et e emtesa e e ebeenbe et e enseemaesaeas 66
9.5 System Revisions and Maintenance 66
9.5.1 System Upgrades, Revisions and EXPanSIons ..........coveeruieiieiiriinienieneeieeie sttt 66
9.5.2 SYSLEM IMAINIENIATICE ...eeuvvieievieeiiieiiieeiieeiteesteeseteesteesteessseessseeasseessseessseessseessseesssesssssesssesssssessessssssenseesses 66
9.6 DAS Security 67
9.6.1 OVETVIEW ...eeiteeiiieeiteeeitteeteeeveesteeseteessse e sttt esssaessseesssaeasseesssaeasseessseesseessseesseeassaensseeassaensseenssaesseenssesnssenn 67
9.6.2 DIAS CADLINE .ttt ettt ettt et e bt e st e st et e b e bt ee e ebeenteab et et e beeheebeeneens et eteaneaaea 67
9.6.3 DAS PARWAYS ...vieiiieiiiecieeeiee sttt ettt e s te e sttt e seveestbeessbeessaeessbeeasseeasbeeasseesssaesseeasseesseennreennaen 67
9.6.4 DA SPACES. .. teeiiieeiieeiieete et st et e ste e sttt e st e e sttt e e be e s bt e st e e ataeearbeeatbeeatbeeatbeeanbeeasbeeasbeesteeenbaesaeennreenaenn 67
9.6.5 IDAS CONNECLIONS ...vveeitieeeieeeiiieeteeeteesteesteesteeseteessbeessseesssaeasseessseensseessseessseessseessseessseensseesssaessseessseensses 67
10 Location TECHNOIOGIES .....oeeiee e eeeeeaeees 69
10.1  Introduction 69
10.2  Repeaters 69
10.3 DAS Environments 70
10.4 Summary Comments 70




ANSI/BICSI 006-2015

11
11.1
11.2

11.3

11.3.1
11.3.2
11.3.3
1134
11.3.5

114

11.5

11.5.1
11.5.2
11.5.3
11.54
11.5.5
11.5.6

11.6
11.6.1

11.7

11.7.1
11.7.2
11.7.3
11.7.4

11.8
11.8.1
11.8.2

11.9

11.9.1
11.9.2
1193
11.9.4
11.9.5

11.10

11.10.1
11.10.2
11.10.3
11.10.4
11.10.5

Appendix A

Al
A2
A3
A4
AS
A.6

Site and FUNCtional SUPPOIT ISSUEBS .....uuuuiiiiiiiiiiii e 71
Overview 71
Interior Trouble Spots 71
Office Buildings 71
INEEOAUCLION ...ttt ettt et et et e et et eesaesetesstesseenseenseesseesaesaenseensesnsesnsessnenseanseensenns 71
Building Ownership and TEeNANTS ...........cccverieriieieeierieieeie ettt ettt e eseeaessaesseesseenseenseans 71
Office Building Core and Shell...........ccooiiiieiiiiiieieee ettt saeeseenne e 72
PhySiCal CONSLIUCTION ...eevieiieiieieeieciiesit et et et ettt et e eteeaesetesate st esseenseessessaesaenseensesnsesnsessnesseanseensenns 73
COVETAZE ATCAS ..eeuvvieireeiuiiesiteenittesite ettt estte e sttt e stte ettt e s ste e baeesateeabee e sbeaabeeansaeanbeeenseesabaeenbeesabeeeseesnbaeenseenane 74
Multi-Tenant Residential Buildings 74
Industrial Facilities 74
OVETVIEW ..euvtieiieeeiieesteeeitee sttt estteeseteessteessseeasseesssaesseeasseassseensseessse e sseensseansseensseenssesnsseanssesnsseenssesnsseenseennes 74
Light vS. HeaVy INAUSIIY ....coiuiiiiiie ittt sttt ettt st s e e e e et eae 75
Chemical and Petrochemical PLants .............coocuieiiiiiiiienieiee ettt ee e e 76
Factories and ASSEMDBLY PIANES..........c..ccoerieiieiiieieciecieeee ettt sttt ebe e ssaesneesneenseenseens 78
DAS and Wireless LAN ANEEINAS.........ccveriertieierientietiesteesiesteseesseesseesseassessaesseesseessesssesssesseesseasseessenns 78

W ATEIOUSES ....eeeveeite ettt ettt ettt et et et e et e st e s e e s e et e esaesseesatesseenseenseesseesseseenseensesnsesssesseesseanseensenns 79
Healthcare Facilities 79
INEEOAUCLION .....eeeieie ettt et et e et et e st e st e e aaesetesate st enseenseessessaeseenseensesnsesnsesseesseanseensenns 79
Schools and Colleges 80
OVETVIEW ..euvtieiieeeiiteeteesiteesteestteeseteessteessseeasseessseesseesseessseensseeasseesseensseansseensseenssesnsseenssesnsseasneensseenseennns 80
Elementary and Secondary SCROOIS ........ccueiiiiiiiiiiiiecieecieese ettt ree e sere et e e saaeestaeeneeenes 80
School AdmIniStration ENTILIES .......ccuvierieeiiieiieciie ettt ettt sve e e sere et eessaeessaeesssaessseessseennas 80
COlle@eS ANA UNIVETSITIES. ...c.ueetieieeresiieriieste et eetesttesseeteeseeaeseaesstesseesseesseassessaesseenseesesnsesssesssesseanseensenns 80
Retail Locations 81
| TeTe) 5115 (o) 4 OOt 81
DIAS CRAlEINEES ...ttt ettt ettt ettt st e bt et e st ea e sb e e e b e e bt e bt et e sbtesbeenaeeaeenneene 81
Hospitality and Entertainment 82
OVETVIEW ..euvtieiiieeeiiieeteeette e sttt estteeseteessteessseessseessseesseesseessseensseensse e sseensseansseensseensseensseenssesnsseenssesnsseeseennes 82

3 18] 152 OO RO PRRURRRURNt 82
CASITIOS 1. teettieeiieeeitee et e ettt estte ettt esete ettt esssaeasseessseeasseessseaasseensseensseenssaensseensseensaeenseeansseensnesnsseeseeensaeeseennns 82
STAGTIUITIS ... e ettt ettt ettt e et e et e et e e tteesbbe e steestbeessaeessaeesseeasseensseensseesseensseensseensseenssaensseenssasnsss 82
CONVENTION COMEETS ... euvvetieiieteeteetestiesteeteeteestesstesseesseeseasesssesstesseesseesseassesssesseenseensesnsesssesseesseanseensenns 82
Facilities for Vehicle Parking 83
OVETVIEW ..euitieiiteeeiitesteeeittestteestteeseteessteessteessseessseessseesseessseeasseessseensseensseansseensseenssesnsseenssesnsseenssesnsseenseenne 83
Stand-Alone or Attached Parking Structure COnStrucCtion ...........occeevvieriieeiiienieenieenie e sve e seve e 83
Parking Facilities Integrated INto StrUCTUIES .........cc.eiitieriiiiiiiii ittt 83
Parking Structure and Parking Facilities Construction Specifics..........ccoceverirererierienieneneneneeeceeeenee 84
EXtEINAL CONCEIIS .....vvivieiieiieie et steette st et e et e et e e tte st eesbeesseesaessaesseesseenseenseessessaesaenseensesnsesnsesseesseanseensenns 84
Legal Aspects of Wireless Design (INfOrmative) ...........ccccuvevveeiiinininiinnnnnnnns 85
Introduction 85
Setting the Legal Context 85
Legal Issues 87
Limiting Legal Costs 91
Limiting the Design Professional’s Liability 92
Liability on Projects 92

Vi



Distributed Antenna System (DAS) Design and Implementation Best Practices

Appendix B Tools Used for Testing Coaxial Transmission Lines and Antennas
(L Ee 1 4= 1A A7)

B.1 Introduction

93

B.2 Time Domain Reflectometer (TDR)

93

B.3 Spectrum Analyzer

93

B.4 RF Signal Generator/Monitor

93

B.5 50-Ohm Wattmeter

93

B.6 50-Ohm Termination Load

B.7 Swept Frequency Analyzer

93
94

Appendix C Hazardous Environments and Locations (Informative)

C.1 Definitions

95

C.2 Hazardous Atmosphere Classifications

97

Appendix D Related Documents (Informative)

vii



Distributed Antenna System (DAS) Design and Implementation Best Practices

Section 6
Figure 6-1
Figure 6-2
Figure 6-3

Section 7
Figure 7-1
Figure 7-2
Figure 7-3
Figure 7-4

Section 11
Figure 11-1

Appendix A
Figure A-1

Section 6
Table 6-1
Table 6-2
Table 6-3

Section 7
Table 7-1
Table 7-2

Appendix C
Table C-1

INDEX OF FIGURES

Distributed Antenna Systems and Components

Example 0f @ PassiVe DAS .....ooiieiieceeeteeteeee ettt ettt e e b e snbeennae s 15
Example of an ACtIVE DIAS ...ttt nneens 16
Example of an Hybrid DAS .......oo ottt ve et te e sveestae e s ebaessbaesasaennne s 17
DAS Design

Hierarchical Star TOPOLOZY ... eecvieieeieeiieieerie ettt ettt ettt b e tesaeseeesseeseenseensessaenseens 45
Examples of NON-star TOPOLOZIES .....cccveerrieriiieiiieiieeiiieeieesieesteesiteesveeseveesveessseessseessseessseenssens 45
Example Floor Plan for MIMO Antenna Operations.........c..cccveeecveerieerveenveensveenveesseesseesseensnens 47
Example Floor Plan for a Three Sector DAS.........ooiiiiiieieeeeeeeee e 48

Site and Functional Support Issues
Outline for Coverage Model Provided by Two Directional Antennas Back to Back .................... 81

Legal Aspects of Wireless Design (Informative)
International Telecommunication Union ReIONS ........cccueeiiiiiiiiniiniiiiiee e 87

INDEX OF TABLES

Distributed Antenna Systems and Components

Coaxial Construction Advantages and Disadvantages............cccecvereereenerninienienieneeeee e 25
Types of Directional Antenna and Associated APPliCations .......c.ceccveereveeriieriieeniiienieenieesveeenen 29
Sector Antenna Types and Their APPLICALION .......ccvveverierieriieiieie et 30
DAS Design

Availability as an EXpression 0f TIME ........cccveriieiirienieiieieeie ettt 43
Example Wireless Service Provider Equipment Information .............ccoccveveveiiicienienieneeeeieeens 46

Hazardous Environments and Locations (Informative)
CompariSOn Of TerMINOLOZY .......eeveeieriieiierieeie e ste st et et eteeetestee st eseesessaeseeesseesseenseensessnenseens 97





