PN-568.5 Draft 1.6
To be published as ANSI/TIA-568.5

Telecommunications Industry Association (TIA) TR-42.7-2020-10-0xx
For Virtual, October, 2020

TITLE: Balanced Single Twisted-Pair Telecommunications Cabling
and Components Standard
PROJECT NUMBER (PN): PN-568.5

DRAFT Number Draft 1.6

Date of preparation Monday, November 2, 2020

ABSTRACT: Draft 1.6 Incorporates committee ballot comment resolution to d1.5a , October
Virtual TR-42.7 meeting
Revision history:

Initial draft, Monday, August 14, 2017.

Second draft 0.2, Friday, August 25, 2017 after partial review of draft 0.1 during TR-42.7 568.5 single pair TG teleconference 08-15-
2017.

Third draft 0.3 Thursday, August 31%, after review of draft 0.2 during TR-42.7 568.5 single pair TG teleconference.

Draft 0.4 Monday, January 22, 2018, Updated channel and cable specs to reflect 802.3cg, 802.3bp and TIA Cat6A requirements for 1000
m, 15 m, and 100 m channel configurations. Incorporated same into cable requirements. Added connecting hardware requirements.
Added 1000 m modeling configuration to Annex A.

Draft 0.5 Wednesday, February 21, 2018.Incorporated online comments from face to face meeting, Jan, 30" 2018.

Draft 0.5a Thursday, February 22, 2018. Incorporated online comments from teleconference of single pair TG meeting, February 22,
2018.

Draft 0.5b Tueday, April 24, 2018 Document reviewed online and performance parameters updated to current. Added placeholders for
testing annexes

Draft 0.5c. Tuesday May 29, 2018, Added table rows for 40m reach. Added Annexes for test and measurement requirements as annexes
A, B, C. Updated component return loss values according to contribution TR427-2018-0600xx_Vaden_RL_models.pdf

Draft 0.5d Friday, June 8, 2018, Formatted clauses and tables in the added annexes. Deleted Annex A, General measurement
requirements. Updated tables and figures to include 40 m reach objective. Cleaned up text in Annex B to correctly describe single pair
measurement systems. General formatting and cleanup.

Draft 0.5e Thursday, June 14, 2018, Implemented updated return loss requirements tables for channel, cable and connectors per
committee consensus (see TR42.7-2018-06-050b-RLmodels.docx). Updated 15m topology diagram to include four connectors per
committee resolution 06-13-18 during draft review.

Draft 0.6, 0.7 October 30", 2018, Updates recorded online during TIA TR-42.7 October meeting, Mesa, AZ, Updates agreed to during
meeting and applied afterword: Insertion of Table A1. Balun requirements. Various editorial fixes and updates. Added a table of common
mode reference impedances.

Draft 0.7a January 8, 2019, Implement changes agreed to during December 4™ 2018 teleconference. Use connecting hardware
designation where appropriate, rewrite annex B text to indicate 50 Ohm common mode terminations for all measurement results. Add
Figure B.5. Redraw figures B.10 through B.13 into block diagram style. Edit Annex C. to simplify and specify 50 Ohm CM terminations.

Draft 0.8 January 8, 2019 Reviewed in teleconference. Minor editorial changes. minor figure updates. Accepted edits.

Draft 0.8a January 30, 2019 Implement editorial changes noted during January 29 Orlando TR-42.7 meeting. Various changes in
preparation for mock ballot. Added clause C.3, SP3 channel modeling configurations.

Draft 0.8b January 31, 2019, replaced balun characteristics table in Annex A.
Draft 0.9 October 9 2019, Incorporate mock ballot comment esolution from document 064d, September, 2019, Albuquerque.

Draft 1.0 Friday, February 14, 2020 Incorporating committee ballot comment resolution to draft 0.9a resolved at TR-42.7 meeting January
28, 29, 2020, New Orleans, La.
Draft 1.0 Wednesday, November 4, 2020 Incorporate Wayne Larsen edits 20200215 review of draft 1.doc.

Draft 1.5 Wednesday, June 17, 2020 Incorporating resolution of comments to ballot draft 1.0a TR-42.7 virtual meeting weeks of June 4-
111 2020.

Draft 1.5a Implemented edits from 20200617 errata.docx. Document check by Wayne Larsen.

Draft 1.6 Tuesday October 27, 2020, Ballot comment resolution of draft 1.5a October 8%, 2020 Virtual TR-42.7 meeting. WL document
check. Minor formatting fixes.



O NO A WN -

11
12
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27

28
29
30

31
32
33
34
35
36
37
38
39

40
41

PN-568.5 Draft 1.6
To be published as ANSI/TIA-568.5

NOTICE

{TIA staff to insert applicable text here.}

Balanced single twisted-pair telecommunications cabling and components

standard
TABLE OF CONTENTS

1 SCOPE 9

2 NORMATIVE REFERENCES ............oooiiiieeee e e e s s e e sess e e s s sse s e ensms e eessme e ssnn e e e me e ene s ne e enssnneenanan 9
3 DEFINITIONS, ABBREVIATIONS AND ACRONYMS, UNITS OF MEASURE. ...........ccccomrreaerreneens 10
3.1 (=] =T o USRS 10
3.2 [0 T 71T 3 RO 10
3.3 Acronyms and abbreVviations ...... ... a e 11
3.4 UNIES Of MBASUIE.....eeiii ettt e ettt e ettt e e e e aab e e e shbe e e e santeeeesaneeeeeanbneeasan 11
3.5 RV £= 14 = o] [ PP UPPR P 12
T T Yo [T o X T L o= 1 1= o (o = P 13
5 Mechanical reqUIremMeNts..........cccoooiiiceceean e ecesen e enn s nsnsasar e e e rrnmm s s e e s sr e rne e e e snnnnnnnnnsnsnnnnnnnnnnnnnnnn 13
5.1 Channel mechanical PerformManCe ..............iiiiiii e e 13
52 Permanent link mechanical performance .........cooocuuiiiiiiiii e 13
5.3 Horizontal cable (cabling subsystem 1) mechanical performance ........c.ccccccccveveeeeiivccvieeeneeenn. 13
5.3.1 Ta TSI 0] E=1 (=T [ oTo] g To 11 [ex o PP PRPT 13
5.3.2 TaIST01E=1 Yo W oTo] gTo [W e (o] il eTo] (o] o Yo [ PO PURURPRIN 13
5.3.3 Horizontal cable diameter....... ..o e 13
5.34 Cable breaking StrenGth.........oc.ei i 14
5.3.5 (0= o] ST o Y=Y aTo I = o |11 - S 14
5.3.6 Cable performance MAarKiNg .........ccuoiieeiie ittt 14
5.3.7 (0= o] SN ool (I = o O PSSR 14
5.3.8 Cable core shield (SCreened ONIY) .....coooiueiiiiiiiii et 14
5.3.9 Cable dielectric StrenGth ..o 14
54 Cord cable mechanical PerformManCe .............cooiiiiiiiiiiiii e 14
5.4.1 (O70] o loz=1 o] [N e 1= o1 - | TSRS 14
5.4.2 Cord cable flex life (SCreeN@d ONIY) ......couiiiieiiiiee ettt e e et e e e e nbee e e nneeas 15
5.5 Connecting hardware mechanical performance ...........oocccieiiiiie e 15
5.5.1 Connecting hardware environmental compatibility .............ccooooiiiiiin i, 15
55.2 Connecting hardware MOUNTING ..........oviiiiiie e e e ee e e eee e e e snbee e e e nbeeeeeneeas 15
5.5.3 Connecting hardware deSIGN ...........ooiiiiiiiieie e 15
554 L@ U1 (=Y ¥ ot ol o =Tex (o] SR 15
5.5.5 Performance Marking ........ooi e ittt 16
5.5.6 Connecting hardware reliability ... 16
5.5.7 Connecting hardware shield mating interface (screened only) .........cccoociiiiiiiiiiinie 16
5.5.8 Connecting hardware shield continuity (screened only) ..........cccccoiiiiiiiiiiri e, 16
6 Balanced single twisted-pair transmission requirements...........ccccciiiiiiici 16
6.1 (7= =T o | USRS 16



42
43
44

45
46

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

63
64

65

67
68

70
71
72
73
74
75
76
77
78
79
80

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

96
97

PN-568.5 Draft 1.6
To be published as ANSI/TIA-568.5

6.1.1
6.1.2
6.1.3

6.2
6.2.1

6.3
6.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.3.6
6.3.7
6.3.8
6.3.9
6.3.10
6.3.11
6.3.12
6.3.13
6.3.14
6.3.15

6.4
6.4.1

6.5
6.5.1
6.5.2
6.5.3
6.5.4
6.5.5
6.5.6
6.5.7
6.5.8
6.5.9
6.5.10
6.5.11
6.5.12
6.5.13
6.5.14
6.5.15

6.6
6.6.1
6.6.2
6.6.3
6.6.4
6.6.5
6.6.6
6.6.7
6.6.8
6.6.9
6.6.10
6.6.11
6.6.12
6.6.13
6.6.14

6.7
6.8

Coupling @tENUALION .......ciiiiiie et e e e 17
ST A1 = (o =1 PSR 17
S =0 I o TSP 17
Balanced single twisted-pair channel requIrements...........ccccoiiiiiiii e 17
Channel CONfIQUIALION ......oi it e e e et e e ettt e e e snte e e e s snteeeesntaeeeeanee 17
Channel transmisSion PerfOrMaNCE..........cciiuiiiiiiiiee ittt e et sbeee e 18
Channel DC [00P FESISLANCE......c..coi ittt e e e e e et e e e e e e st eeeeeaeeeananes 18
Channel DC resistance UNDaIANCE...........oiiiiiiii ettt e e e e et e e e sneeeeeeans 19
Channel mutual CapaCILANCE ...t e e et ree e e e e e e eanes 19
Channel capacitance unbalance: pair-to-ground ...............ocuiiiiiiiien i 19
Channel characteristic impedance and structural return 10ss (SRL).......ccooouiiiiiiiiiieiiiiieeniieene 19
ChannEl FEIUM IOSS ..ottt ettt e et e e e e te e e e e bbe e e eenteeeeesnbeeeeanteeeaeanes 19
Channel INSErtION 1OSS ... .ottt e e e e e e e e e e ea s ann e et e e e e e eaanneneneeeeeaaannnes 19
L@ 0T 1 1 1= I I USSR 21
L@ 0T 1 1= I I I SO 21
Channel coupling @tteNUATION ...........ooiiiiiii et e e bbb e e 22
Channel propagation AeIAY ..........iieii ittt e e 22
(07 0 F= o 1= I AN = I o T PSSR 22
ChannNEl PSANEXT I0SS ...ceiiutiiiieiitiees ittt it e e e steee e e st eeesbee e e e sttt e e e snteeeesnteeeeesanseeeesnteeesanreeeeesnns 22
ChannEl AFEXT IOSS ....uueeiiiiiiiie e iitie ettt e e sttt e e st ee e e st ee e s tbeee e shbeeeeesnteeeesnteeeeeaaseeeeesnteeesanseeeeeanes 23
ChannEl PSAFEXT 0SS ...coiiiuiiiiiiiitie it s bttt ee e et e e e st et e e aate e e e e snteeeesntaeeeesnteeeeeaseeeeane 23
Balanced single twisted pair permanent link requirements..............ccccee e 24
Permanent link configuration..............coei i 24
Permanent link transmission performManCe ...........cooiiiiiiiiiiie e 25
Permanent link DC [00P reSiSTaNCE .........coiiiiiiiiiii it 25
Permanent link DC resistance unbalance ..o 25
Permanent link mutual capacitanCe ..............cooiiiiiiiiiiiii 25
Permanent link capacitance unbalance: pair-to-ground...............cccoviiiiiiiiii e 25
Permanent link characteristic impedance and structural return 10ss (SRL) .........cccoviiieiiiiinnnns 25
Permanent lINK FELUIN 0SS ....ciu i it e e et e e e e e e 25
Permanent liNK iNSErtION 10SS .......ouuiieiiiieie et e e 26
Permanent lINK TCL ... .uuiii it e e e e e e et e e e e s st e e e enteeeennbaeeeeneeas 27
Permanent lINK TCT L. . .eiie oottt et e et e e e et e e e e n e e e e nee e e e e sneeeeeneeas 27
Permanent link coupling attenuation .................oeiiiiiiiiii e 28
Permanent link propagation delay .............ooo i 28
Permanent Nk ANEXT I0SS -.c.oei ittt e et ee e e e e e e e e e e e e e e e e aanneeeneeeeeaaaannns 28
Permanent link PSANEXT 10SS ... ..uuueiiiiieei et e e e e e e e e e e e aanes 28
Permanent INK AFEXT 10SS -.cciiiiiiiiiiiieeeee ettt e e e e e e e e e e e e e e e e e aanneneneeeaeaaaannns 29
Permanent INK PSAFEXT I0SS. ... .. ettt e ee e e e e e e e e e e e e e ennes 29
Cable transmission PErfOrMEaNCE. .........cuuiiiiiiiiei ettt e e st e e e st e e e saneeeee e e 30
(07 o) LI B L0 ¢S] = g o7 Y PSSR 30
Cable DC resistance UnbalancCe......... ..o 30
Cable mutual CaPACITANCE ........cooiiiiii ettt ettt e e eneeeeeanes 31
Cable capacitance unbalance: pair-to-ground ..............cccoiiiiiiiiiiiin i 31
(072 o) (oI = (0 [0 T PSSR 31
(072 o) LI o E=T= Ty 1o o TN (o T3S 31
107 o] 1= 1 ISP PRRTRRSN 32
107 o] 1= 1O PP URUPRRN 33
Cable coupling attenUAatIoN ..........c.ooiiiiii s 34
Cable propagation dEIAY ...........ooueiiiiiiii e s 34
1072 o1 Tl NN = I 0T PRSPPI 34
Cable PSANEXT I0SS .. .tttieiiuiiiie it e ettt ettt e ettt e e st e e e ettt e e e sstee e e saateeeeenteeeeesnteeeesanseeaesnseeeeeane 34
(07 o) LN Y o G I o T PSSR 34
(07 o) (oI S Yo o = I o ] USSR 35
Bundled cable transmission PerformMancCe ..........c.cooiiiiiii it 35
Connecting hardware transmission PerformManCe............coouiiiiiiiiiiii i 36

1



98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

116
117
118
119
120
121
122
123
124
125
126

127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

PN-568.5 Draft 1.6
To be published as ANSI/TIA-568.5

6.8.1 Mated connecting hardware DC reSiStanCe............eeii i 36
6.8.2 Connecting hardware DC contact reSiStance ..o 36
6.8.3 Connecting hardware DC resistance unbalance ..............ccccoiiiiiiiiiiiii e 36
6.8.4 Connecting hardware mutual capacitanCe ............cccuuiiiiiiiiiiiii e 36
6.8.5 Connecting hardware capacitance unbalance: pair-to-ground............cccccceeiiiiiennin e 36
6.8.6 Connecting hardware characteristic impedance and structural return loss (SRL) .........c.ccc....... 36
6.8.7 Connecting hardware retUM 0SS .........uii it 36
6.8.8 Connecting hardware iNSErtION 10SS...........iiiiiiriiiiie it 37
6.8.9 ConNNecting hardWare TCL .........oi ittt ettt 37
6.8.10  Connecting hardWare TCTL........coiiiiiiii ettt ettt 38
6.8.11 Connecting hardware ELTCTL ......uoiiiiiiiiiie ettt ettt 39
6.8.12  Connecting hardware coupling attenuation (screened only) ..........cccoceeeriiiiiiiinic e 39
6.8.13  Connecting hardware propagation delay .............coouueiiiiiiiie e 39
6.8.14  Connecting hardware transfer impedance (screened only).........c.ccueiiiiiiin e 39
6.8.15  Connecting hardware ANEXT 0SS .....coi ittt 40
6.8.16  Connecting hardware PSANEXT I0SS .......uiiiiiiiiiiiiiie ittt st 40
6.8.17  Connecting hardware AFEXT l0SS. ... .cii ittt 40
6.8.18  Connecting hardware PSAFEXT l0SS........uuiiiiiiiiiii ettt 40
Annex A (normative) — Cabling and component test procedures...........ccccevmmiiiiininisninsssennnes 4
A1 LT =T - | T USSP R TP PRSI 41
A2 TeSt CONFIGUIALIONS ...ttt eenanee e e e s 42
A3 Test configurations SPECIfiCatONS .......c.iiiiiie i 42
A4 Alien crosstalk test CONfiQUrations ........c...oioeeiiiiiiii e 46
A5 Application of calibration standards ..o e 46
Annex B (informative) — PoDL application support information............ccccccooiiiiicirinceceneccee e 49
Annex C (informative) - Modeling configurations............cccccciiiiiiiciinemninnic s s anees 51
CA1 SP1-1000 channel modeling configurations ............c..oieiiiieiiiiee e 51
C2 SP1-400 channel modeling configurations ............ccuueii it 52
Annex D (informative) - Application support considerations..........cccoceeeriiiiiinrsccerreee s 53
Annex E  (informative) - Bibliography.........c.coo oo 54
LIST OF TABLES
Table 1 - Balanced single twisted-pair Categories ...........ccuiiiiiiiiiie e 13
Table 2 - Insulated cONAUCIOr COIOI COUES .......uuiiiiiiiiie ittt ettt e e es 13
Table 3 - Single Pair Minimum breaking Strength ..o 14
Table 4 - SP1 channel DC 100D FeSISTANCE .........uiiiiiiiiii ittt e e 18
Table 5 - Channel FEtUIN 10SS.......coi ettt e s e e e bt e e s ene e e e anneeeas 19
Table 6 - Minimum channel retUrN [0SS ... ...oi e 19
Table 7 - Channel INSEIION 0SS ........uiiiiiii ettt e et e e e annee s 20
Table 8 - Maximum channel iNSErtion [0SS.......cu.uiiiiiiiii e 20
Table 9 = CRANNEI TCL ... ittt ettt b e et e e s bttt e e bt rne e e nneeennee s 21
Table 10 - Minimum ChanN@l TCL .........oiiiii ittt naneas 21
Table 11 = ChanN@l TCT L. ... ittt ettt b ettt eeb et et e et e st e e eneeeeane s 21
Table 12 - Minimum Chann@l TCTL.......oiiiii it neeas 22
Table 13 - Channel propagation delay ...........c..cocuiiiiiiiiiiii e e 22
Table 14 - Channel PSANEXT I0SS .....uiiiiiiiiiiiiiie ettt sttt naneas 22
Table 15 - Minimum channel PSANEXT I0SS .....ccoiiiiiiiiiiiiii ettt 23
Table 16 - SP1 channel PSAFEXT ... ..ottt ettt et e sae e e sa e e s e e e aeeeameeeeneeeameeeenneeeaneeas 23
Table 17 - Minimum SP1 channel PSAFEXT ... e 23
Table 18 - SP1 permanent link DC [00p reSiStanCe ...........ceiiiiiiiiiiiii e 25
Table 19 - Permanent link return 10SS (TBD) ......eiiiiiiiiieiiiiie ettt 25
Table 20 - Minimum permanent lINK retUMM 1OSS .......c.uuiiiiiiii e 25



150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206

PN-568.5 Draft 1.6
To be published as ANSI/TIA-568.5

Table 21 - Permanent link insertion 10SS (TBD)........ceiiiiiiiiiiiiee ettt 26
Table 22 - Maximum permanent link iNSErtioN 10SS ...........oi i e 26
Table 23 - permanent lINK TCOL ...ttt e e st e et e e e sann e e e e snbeeeennns 27
Table 24 - Minimum permanent INK TCL ..ottt e et e e sbeee e 27
Table 25 — Permanent INK TOTL......ooi ittt ettt e ettt e e st e e e s eameeee e snbaeeeesnneeeenans 27
Table 26 — Minimum permanent INK TCTL ......oooi et e e e e 28
Table 27 - Permanent link propagation delay..............oooi i 28
Table 28 - Permanent lINk PSANEXT I0SS ......coouiiiiiiiiiiieiit ettt 28
Table 29 - Minimum permanent iNKk PSANEXT 0SS .......ccuiiiiiiiiie ettt e e 29
Table 30 - SP1 permanent INK PSAFEXT ........ooi ittt e e e st eesntee e e e snbaeeesannaeeennes 29
Table 31 - Minimum SP1 permanent link PSAFEXT ........oiiiiiiieiiee et eneee e 29
Table 32 - Cable parameters at 1 KHZ @and 20 “C .....ooiiiiiiiiiiiiiie ettt e e 30
Table 33 - Cable DC resistance Per 100 M .......ooi ittt e et e e e bee e e s saneeee e e 30
Table 34 - Cable FEUIN TOSS ...ttt e e a bt e e e s b e e s o bt e e e s bae e e e anbeeeeanes 31
Table 35 - Minimum €able return I0SS .......cooiiiiii ettt e e sbeeee e 31
Table 36 - Cable insSertion 10SS (100 M).....coiiiiiii ettt e e et e e e et e e e s be e e e snbeeeeanbeeeeeaas 32
Table 37 - Maximum cable insertion loss for 100 meter Sample ...........ccccoi i 32
1= Lo (=T B = o] = I ] S 32
Table 39 - MiNIMUM CaDIE TCL.......ii ittt e ettt enn e e e eene s 33
= 1ol Lo O B 07 o] = O O T OO PR PSTOPPROPIN 33
Table 41 - MinimMUM CaDIE TCTL ..ottt e ettt enee s 33
Table 42 - Cable coupling attenUAtION ............oooiiiiiii e 34
Table 43 - Cable PSANEXT IOSS ......c.uutiiieiiieieitit ittt sttt sttt ettt sne e eeneneas 34
Table 44 - Minimum 100 m cable PSANEXT 10SS ....ccuiiuiiiiiieii ittt e s ee e 34
Table 45 - SP1 Cable P S AR EXT ... ittt ettt et e et e s et e e e neee e e e e ameeeateeesmteeeaneeaneeeamneeaneeeeanseennnean 35
Table 46 - Minimum SP1 cable PSAFEXT ... ee e e e e eeeae e seee e sneeesmneeeemeeeeneeeeneeas 35
Table 47 - Connecting hardware return [0SS .........c.ioiiiiiiiii et 36
Table 48 - Single pair minimum connecting hardware return (0SS ...........ccooiiiiiiiiiii e 37
Table 49 - Connecting hardware iNSErtion I0SS ...........oocuiiiiiiiiie e 37
Table 50 - Maximum connecting hardware iNSertion [0SS .........cccciuiiiiiiiiiiiiiiiee e 37
Table 51 - ConNecting NArdWAre TCL ........ccciiiiiiii ittt enaneas 38
Table 52 - Minimum connecting hardWare TCL............iuiiiuiiiiia e sr e eae e saeeas 38
Table 53 - Connecting hardWare TCTL ......cocii ittt saneas 38
Table 54 - Minimum connecting hardware TCTL ..........c.ooiiiiiiiiii e 38
Table 55 - Connecting hardware transfer impedance (screened only) ..........ccccccoiiiiriiiinic e 39
Table 56 - Maximum connecting hardware transfer impedance ..............cccoouiiiiiiii e 39
Table 57 - Connecting hardware PSANEXT I0SS .....ccciiuiiiiiiiieea ittt e st e s sbe e e 40
Table 58 - Connecting hardware PSAFEXT 10SS .....coiiiiiiiiiiiieei ettt 40
Table A.1 - Test balun performance characteristics 0.1 MHz 10 20 MHz...........ccccoiiiiiiiiii e 42
NO TABLE OF FIGURES ENTRIES FOUND.
Table D.1 - Applications compatibility mMatriX..........c..oeeiiiiiii e 53
LIST OF FIGURES
Figure 1 - lllustrative relationship between the TIA-568 series and other relevant TIA standards................. 7
Figure 2 - Outlet CONfIQUIAtIoN ...........ouiiiiiee e e et e e e e enee e e e nees 16
Figure 3 - Schematic representation of a SP1-1000 channel test configuration.............ccccoeiviiiniiiinns 18
Figure 4 - Schematic representation of a SP1-400 channel test configuration .............c.cccccoeviiiiiiiiie e, 18
Figure 5 - Schematic representation of a SP1-1000 permanent link nine connector test configuration ...... 24
Figure 6 - Schematic representation of a SP1- 400 permanent link 4 connector configuration................... 24
Figure A.1 - Test system diagram for four port network analyzer .............ccccoooiiiiii e, 43
Figure A.2 - Laboratory test configuration for cable and channel insertion loss, return loss, TCL, TCTL, and
Propagation dEIAY. ......ccouo e e e et e e e eeeeae s 44
Figure A.3 - Laboratory test configuration for alien NEXT loss between DUTS .........ccccooveiniiiieiiiinenieens 44
Figure A.4 - Two port test configuration with 25 Ohm common mode termination. ...........cccoccoceeeiiiieeenneen. 45

3



207
208
209
210
211
212
213
214
215
216
217

PN-568.5 Draft 1.6
To be published as ANSI/TIA-568.5

Figure A.5 - Two port test configuration with 50 Ohm common mode termination............ccccoecoeeiiiiennnen. 45
Figure A.6 - Laboratory test configuration for alien FEXT loss between two DUTS. ........ccccoviiiiiiiiiiecnen. 46
Figure A.7 - Open CalibBration ...........ooieiiiiiii ettt eb e s naneas 47
Figure A.8 - Short CaliDration ..........ooo i e 47
Figure A.9 - Load Calibration ...........ooo i e e 48
Figure A.10 - Thru calibration configuration ................cuuiii e 48
Figure C.1 - SP1-1000 channel modeling configuration ...............cccoiuiiiiiiiee e 51
Figure C.2 - SP1-400 channel modeling configuration ..............cccooiiiii e 52



218

219
220
221
222
223
224

225
226
227
228
229
230
231
232

233
234
235
236

237
238
239
240
241

PN-568.5 Draft 1.6
To be published as ANSI/TIA-568.5

FOREWORD

(This foreword is not a part of this Standard.)
This Standard was developed by TIA Subcommittee TR-42.7.

Approval of this Standard
This Standard was approved by TIA Sub-Committee TR-42.7, TIA Engineering Committee TR-42, and the
American National Standards Institute (ANSI).

ANSI/TIA reviews standards every 5 years. At that time, standards are reaffirmed, rescinded, or revised
according to the submitted updates. Updates to be included in the next revision should be sent to the
committee chair or to ANSI/TIA.

Contributing Organizations

More than 50 organizations within the telecommunications industry contributed their expertise to the
development of this Standard (including manufacturers, consultants, end users, and other organizations).
Documents superseded

This standard defines performance requirements for single pair twisted pair channels, permanent links,
cables, connecting hardware, cords and measurement configurations. This standard does not supercede
any previous standard but builds upon and augments the TIA 568 series of standards.
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Relationship to other TIA standards and documents

The following are related Standards regarding various aspects of structured cabling that were developed
and are maintained by Engineering Committee TIA TR-42. An illustrative diagram TIA-568 series and other
relevant TIA Standards is given in figure 1.

Balance twisted pair cabling and components (ANSI/TIA 568.2);

Generic Telecommunications Cabling for Customer Premises (ANSI/TIA-568.0);

Commercial Building Telecommunications Cabling Standard (ANSI/TIA-568.1);

Optical Fiber Cabling and Components Standard (ANSI/TIA-568.3);

Broadband Coaxial Cabling and Components Standard (ANSI/TIA-568.4);

Telecommunications Pathways and Spaces (ANSI/TIA-569);

Residential Telecommunications Infrastructure Standard (ANSI/TIA-570);

Administration Standard for Telecommunications Infrastructure (ANSI/TIA-606);

Generic Telecommunications Bonding and Grounding (Earthing) for Customer Premises (ANSI/TIA-
07);
Telecommunications Infrastructure Standard for Data Centers (ANSI/TIA-942);
Customer-Owned Outside Plant Telecommunications Infrastructure Standard (ANSI/TIA-758);
Structured Cabling Infrastructure Standard for Intelligent Building Systems (ANSI/TIA-862);
Healthcare Facility Telecommunications Infrastructure Standard (ANSI/TIA-1179);
Telecommunications Infrastructure Standard for Educational Facilities (ANSI/TIA-4966);
Telecommunications Physical Network Security Standard (ANSI/TIA-5017)

® © o o o o 0O) e o o o o o o o o

In addition, the following documents may be useful to the reader:

e National Electrical Safety Code® (NESC®) (IEEE C 2);
e National Electrical Code® (NEC®) (NFPA 70)

Useful supplements to this Standard include the BICSI Telecommunications Distribution Methods Manual,
the Outside Plant Design Reference Manual, and the Information Technology Systems Installation Methods
Manual. These manuals provide practices and methods by which many of the requirements of this standard
are implemented. Other references are provided in Annex E.
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Common Premises Cabling &
Standards Standards Component
Standards
ANSI/TIA-568.0 ANSI/TIA-568.1 ANSI/TIA-568.2
(Generic) (Commercial) (Balanced twisted-
pair)
ANSI/TIA-569 ANSI/TIA-570 ANSI/TIA-568.3
(Pathways and (Residential) (Optical fiber)
spaces)
N N
ANSI/TIA-606 ANSI/TIA-942 ANSI/TIA-568.4
(Administration) (Data centers) (Broadband
coaxial)
N N
ANSI/TIA-568.5
ANSI/TIA-607 ANSI/TIA-1005 (Balanced single
(Bonding and (Industrial) twisted pair)
grounding
[earthing]) N
ANSI/TIA-758 ANSI/TIA-1179
(Outside plant) (Healthcare) \/\
N N
ANSI/TIA-862 ANSI/TIA-4966
(Intelligent (Educational)
building
systems) h

ANSI/TIA-5017
(Security)

\/\
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276 Figure 1 - lllustrative relationship between the TIA-568 series and other relevant TIA standards

277
278 Annexes

279  There are five annexes to this Standard. Annex A is normative and considered requirements of this Standard.
280  Annexes B through E are informative and not considered requirements of this Standard.
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Introduction

This Standard provides requirements and test procedures for 100 Q balanced single twisted-pair cabling
and components.

Purpose

This Standard specifies generic telecommunications cabling systems that will support a multi-product,
multi-vendor environment. It also provides information that may be used for the design of
telecommunications products.

The purpose of this Standard is to enable the planning and installation of a structured cabling system.
Installation of cabling systems during building construction or renovation is significantly less expensive and
less disruptive than after the building is occupied.

This Standard establishes performance and technical criteria for balanced single twisted-pair cabling system
configurations and their respective components. In order to determine the requirements of a generic cabling
system, performance requirements for various telecommunications services were considered.

The diversity of services currently available, coupled with the continual addition of new services, means that
there may be cases where limitations to desired performance occur. When applying specific applications to
these cabling systems, the user is cautioned to consult application standards, regulations, equipment
vendors, and system and service suppliers for applicability, limitations, and ancillary requirements.

Stewardship

Telecommunications infrastructure affects raw material consumption. The infrastructure design and
installation methods also influence product life and sustainability of electronic equipment life cycling. These
aspects of telecommunications infrastructure impact our environment. Since building life cycles are typically
planned for decades, technological electronic equipment upgrades are necessary. The telecommunications
infrastructure design and installation process magnifies the need for sustainable infrastructures with respect
to building life, electronic equipment life cycling and considerations of effects on environmental waste.
Telecommunications designers are encouraged to research local building practices for a sustainable
environment and conservation of fossil fuels as part of the design process. TIA 5011 and TIA 5046 describe
sustainability practices for manufacturers.

Specification of criteria

Two categories of criteria are specified; mandatory and advisory. The mandatory requirements are
designated by the word "shall"; advisory requirements are designated by the words "should”, "may", or
"desirable" which are used interchangeably in this Standard.

Mandatory criteria generally apply to protection, performance, administration and compatibility; they specify
the absolute minimum acceptable requirements. Advisory or desirable criteria are presented when their
attainment will enhance the general performance of the cabling system in all its contemplated applications.
A note in the text, table, or figure is used for emphasis or offering informative suggestions.

Metric equivalents of US customary units

The dimensions in this Standard are metric or US customary with approximate conversion to the other.
Life of the Standard

This Standard is a living document. The criteria contained in this Standard are subject to revisions and
updating as warranted by advances in building construction techniques and telecommunications technology.
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1 SCOPE

This Standard specifies minimum requirements for balanced single twisted-pair telecommunications cabling
(channels and permanent links) and components (cable, connectors, connecting hardware, and cords) that
are used in commercial buildings and other similar environments. This Standard also specifies measurement
procedures for all transmission parameters.

2 NORMATIVE REFERENCES

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ANSI/TIA-568.2 Balanced Twisted-Pair Telecommunications Cabling and Components
ANSI/TIA-606, Administration Standard for Telecommunications Infrastructure

ANSI/TIA-1183, Measurement Methods and Test Fixtures For Balun-less Measurements Of Balanced
Components And Systems

ASTM D4565, Standard Test Methods for Physical And Environmental Performance Properties of
Insulations And Jackets For Telecommunications Wire And Cable

ASTM D4566, Standard Test Methods for Electrical Performance Properties of Insulations and Jackets for
640 Telecommunications Wire and Cable

IEC 61156-11, Multicore and symmetrical pair/quad cables for digital communications - Part 11: Symmetrical
single pair cables with transmission characteristics up to 600 MHz - Horizontal floor wiring - Sectional
specification

IEC 61156-12, Muiticore and symmetrical pair/quad cables for digital communications — Part 12:
Symmetrical single pair cables with transmission characteristics up to 600 MHz - work area wiring

IEC 61156-13, Muliticore and symmetrical pair/quad cables for digital communications — Part 13:
Symmetrical single pair cables with transmission characteristics up to 20 MHz — Horizontal floor wiring -
Sectional specification

IEC 61156-14, Multicore and symmetrical pair/quad cables for digital communications — Part 14: Single-pair
(flexible) cables related to IEC 61156-13 draft

IEC 62153-4-5, Metallic communication cables test methods — Part 4-5: Electromagnetic compatibility (EMC)
— Coupling or screening attenuation — Absorbing Clamp method,

IEC 62153-4-9, Metallic communication cables test methods — Part 4-9: Electromagnetic compatibility (EMC)
— Coupling of screened balanced cables, triaxial method

IEC 63171,

IEC 63171-1 Connectors for electrical and electronic components — product requirements — Part 1: Detail
specification for 2-way, shielded or unshielded, free and fixed connectors: mechanical mating information,
pin assignment and additional requirements for TYPE 1/ Copper LC Style

UL 444, Communications Cables
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3 DEFINITIONS, ABBREVIATIONS AND ACRONYMS, UNITS OF MEASURE

3.1 General

For the purpose of this Standard the following definitions, acronyms, abbreviations and units of measure
apply.

3.2 Definitions

administration: The method for labeling, identification, documentation and usage needed to implement
moves, additions and changes of the telecommunications infrastructure.

cable: An assembly of one or more insulated conductors or optical fibers, within an enveloping sheath.
cable run: A length of installed media which may include other components along its path.

cable sheath: A covering over the optical fiber or conductor assembly that may include one or more metallic
members, strength members, or jackets.

cabling: A combination of all cables, cords, and connecting hardware.
connecting hardware: A device providing cable terminations.

coupling attenuation: The ratio, in dB, of the transmitted power in the signal conductors and the maximum
radiated peak power, conducted and generated by the excited common mode currents.

cord: An assembly of cord cable with a plug on one or both ends.
coverage area: The area served by a device.

cross-connect: A facility enabling the termination of cable elements and their interconnection or
cross-connection.

cross-connection: A connection scheme between cabling runs, subsystems, and equipment using patch
cords that attach to connecting hardware on each end.

equal level transverse conversion transfer loss: A calculation, expressed in dB, of the difference between
measured TCTL and the differential mode insertion loss of the pair.

equipment cable; cord: A cable or cable assembly used to connect telecommunications equipment to
horizontal or backbone cabling.

equipment outlet: outermost connection facility in a hierarchical star topology.
equipment outlet connector: Connecting hardware contained within the equipment outlet.

horizontal cabling: 1) The cabling between and including the telecommunications outlet/connector and the
horizontal cross-connect. 2) The cabling between and including the building automation system outlet or the
first mechanical termination of the horizontal connection point and the horizontal cross-connect.

infrastructure (telecommunications): A collection of those telecommunications components, excluding
equipment, that together provide the basic support for the distribution of all information within a building or
campus.

insertion loss: The signal loss resulting from the insertion of a component, or link, or channel, between a
transmitter and receiver (often referred to as attenuation).

interconnection: A connection scheme that employs connecting hardware for the direct connection of a cable
to another cable without a patch cord.

link: A transmission path between two points, not including terminal equipment, work area cables, and
equipment cables.

listed: Equipment included in a list published by an organization, acceptable to the authority having jurisdiction,
that maintains periodic inspection of production of listed equipment, and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found satiable for use in a specified
manner.

10
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media (telecommunications): Wire, cable, or conductors used for telecommunications.

outlet box (telecommunications): A housing used to hold telecommunications outlet/connectors.

outlet cable: A cable placed in a residential unit extending directly between the telecommunications
outlet/connector and the distribution device.

outlet/connector (telecommunications): The fixed connector in an equipment outlet.

patch panel: A connecting hardware system that facilitates cable termination and cabling administration using
patch cords.

return loss: A ratio expressed in dB of the power of the outgoing signal to the power of the reflected signal.
screen: An element of a cable formed by a shield.

sheath: See cable sheath.

shield: A metallic layer placed around a conductor or group of conductors.

telecommunications: Any transmission, emission, and reception of signs, signals, writings, images, and
sounds, that is information of any nature by cable, radio, optical, or other electromagnetic systems.

transfer impedance: A measure of shielding performance determined by the ratio of the voltage on the
conductors enclosed by a shield to the surface currents on the outside of the shield.

transverse conversion loss: A ratio, expressed in dB, of the measured common mode voltage on a pair
relative to the differential mode voltage on the same pair applied at the same end.

transverse conversion transfer loss: A ratio, expressed in dB, of the measured common mode voltage
on a pair relative to the differential mode voltage applied at the opposite end of the same pair.

3.3 Acronyms and abbreviations

ANEXT Alien Near End Crosstalk

ANSI American National Standards Institute
ASTM American Society For Testing and Materials
CM Common mode

DCR Dc resistance

DM Differential mode

DUT Device under test

EIA Electronic Industries Alliance

ELTCTL Equal level transverse conversion transfer loss
EO Equipment outlet

FEXT Far-end crosstalk

F/IUTP Foil (surrounding) unscreened twisted-pairs
ICEA Insulated Cable Engineers Association

IEC International Electrotechnical Commission
PSAACRF Power sum attenuation to alien crosstalk ratio, far-end
PSANEXT Power sum alien near-end crosstalk

TCL Tranverse conversion loss

TCTL Transverse conversion transfer loss

TIA Telecommunications Industry Association
UL Underwriters Laboratories

UTP Unshielded twisted-pair

3.4 Units of measure

dB decibel

°C degree Celsius

°F degrees Fahrenheit

ft feet, foot

in inch

kHz kilohertz

MHz megahertz

11
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3.5
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picofarad
pound-force
volt

Variables
Frequency, in MHz
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4 Single pair categories

Transmission performance depends upon the characteristics of cable, connecting hardware, cords, the total
number of connections, and the care in which they are installed and maintained. This Standard provides
minimum cabling and component performance criteria as well as procedures for component and cabling
performance validation. The requirements in this Standard are for 100 Q balanced single twisted-pair cabling
and components. Information regarding recognized categories of balanced single twisted-pair cabling is
shown in table 1.

Table 1 - Balanced single twisted-pair categories

Category Channel reach Frequel\rl‘lf-ly range,
z

SP1-1000 1000 m 0.1 -20

SP1-400 400 m 0.1 - 20

5 Mechanical requirements

This clause contains the mechanical performance specifications for 100 Q balanced single twisted-pair
cabling and components.

5.1 Channel mechanical performance

The mechanical performance of channels is achieved through the use of compliant components.

5.2 Permanent link mechanical performance
The mechanical performance of permanent links is achieved through the use of compliant components.

5.3  Horizontal cable (cabling subsystem 1) mechanical performance

Single pair horizontal cable shall consist of one balanced twisted-pair of 18 AWG to 26 AWG thermoplastic
insulated solid or stranded copper conductors enclosed by a thermoplastic jacket. Other wire sizes are
outside the scope of this Standard. Copper clad conductors are not allowed. The pair may or may not have
a shield. Horizontal cables shall comply with the mechanical performance requirements, testing and test
methods in IEC 61156-13 for cables and IEC 61156-14 for cordage.

5.3.1 Insulated conductor
The diameter of the insulated conductor shall be 2.6 mm (0.100 in) maximum.

5.3.2 Insulated conductor color code
The insulated conductor color coding shall comply with table 2.

Table 2 - Insulated conductor color codes

Pair designation” Color code (Abbreviation)
Option 1
] White/Blue or White- (Wh/BL?) or Wh)
Pair 1 Blue - (BL)?

1) See figure 2 for corresponding connecting hardware pair assignment.

2) A Color marking is optional on white conductor and a white marking is optional on
blue conductor. Stripe or band marking shall cover not more than 30% of insulation
surface.

5.3.3 Horizontal cable diameter
The diameter of the completed cable shall be less than or equal to 8.0 mm (0.315 in).

NOTE - Larger diameter cables may not be compatible with certain designs of single pair connecting
13
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hardware. Compatibility with connecting hardware should be considered

5.3.4 Cable breaking strength

The minimum breaking strength of the cable is measured in accordance with ASTM D4565.
The minimum breaking strength for a single balanced twisted-pair cable shall meet or exceed the values

listed in table 3. However, higher values may be used when tension limits are provided by the cable
manufacturer.

Table 3 - Single Pair Minimum breaking strength

Conductor Size Minimum breaking
AWG strength N (Ibf)
26 63 (14)
24 100 (22)
23 126 (28)
22 159 (36)
20 317 (71)
18 400 (90)

5.3.5 Cable bend radius

Twisted-pair cables shall withstand a bend radius of 4x (TBD) cable diameter for UTP constructions and 8x
(TBD) cable diameter for screened constructions, at a temperature of -20 °C + 1 °C, without jacket,
insulation, or shield (if applicable) cracking, when tested in accordance with ASTM D4565, Wire and Cable
Bending Test.

For certain applications (e.g., pre-cabling buildings in cold climate), the use of cables with a lower
temperature bending performance of -30 °C + 1 °C should be considered.

5.3.6 Cable performance marking
Single pair cables shall be marked with their appropriate category designation, See table 1.

NOTE - Performance markings are in addition to, and do not replace, other markings required by listing
agencies or those needed to satisfy electrical code or local building code requirements.

5.3.7 Cable core wrap
The core may be covered with one or more layers of dielectric material.

5.3.8 Cable core shield (screened only)
An electrically continuous shield shall be applied over the core, or core wrap if one is present.

5.3.9 Cable dielectric strength
The cable shall meet the dielectric strength requirements of UL-444.

5.4 Cord cable mechanical performance

Cord cable shall meet the requirements in section 5.3 for horizontal cable with the additions and
exceptions in this clause.

5.4.1 Cord cable general

Copper clad conductors are not allowed. Cord cables shall comply with the mechanical performance
requirements, testing and test methods of IEC 61156-14.

14
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5.4.2 Cord cable flex life (screened only)

Cables used for 100 Q screened cords shall meet the transfer impedance requirements of this document
after being subjected to 500 flex cycles. Flex tests shall be performed on a minimum of 1/3 meter (13 in)
lengths of un-terminated cables. The cable sample shall be clamped to a rotatable arm and suspended
between two 51 mm (2 in) diameter mandrels located to either side of the center of arm rotation and spaced
so as to touch but not hold the cable sample. A weight exerting greater than 10 N (2 Ibf) shall be attached
to the free end of the cable. A flex cycle shall consist of one + 90° rotation around each of the two mandrels,
and the cycling rate shall be 10 cycles + 2 cycles per minute.

5.5 Connecting hardware mechanical performance

5.5.1 Connecting hardware environmental compatibility

Connecting hardware used to terminate to 100 Q balanced single twisted-pair cabling shall be functional for
continuous use over the temperature range from -10 °C to 60 °C. Connecting hardware shall be protected
from physical damage and from direct exposure to moisture or corrosive elements. This protection may be
accomplished by installation indoors or in an appropriate enclosure for the environment.

5.5.2 Connecting hardware mounting

Connecting hardware used to terminate to 100 Q balanced single twisted-pair cabling should be designed
to provide flexibility for mounting on walls, in racks or on other types of distribution frames and standard
mounting hardware. Equipment outlet/connectors shall be securely mounted at planned locations. Cables
intended for future connections shall be covered with a faceplate that identifies the outlet box for
telecommunications use.

5.5.3 Connecting hardware design
Cross-connect hardware used to terminate to 100 Q balanced twisted-pair cabling shall be designed to

provide:

a) a means to cross-connect cables with patch cords,

b) a means to connect premises equipment to the cabling,

c) a means to identify circuits for administration in accordance with ANSI/TIA-606,

d) a means to use standard colors as specified in ANSI/TIA-606 to functionally identify mechanical
termination fields,

f) a means of handling wire and cable to permit orderly management,

g a means of access to monitor or test cabling and premises equipment, and

h) a means for protecting exposed terminals, an insulating barrier, such as a cover or a plastic shroud,

for protecting terminals from accidental contact with foreign objects that may disturb electrical continuity.

Horizontal Connection Points (HCP) and equipment outlet/connectors used to terminate to 100 Q balanced
single twisted-pair cabling shall be designed to provide:

a) appropriate mechanical terminations for single pair cable runs, and
b) conductor identification to promote pin-pair practices consistent with clause 5.5.4.

Connecting hardware used to terminate to 100 Q balanced single twisted-pair cabling shall not result in or
contain polarity reversals (also called tip/ring reversals).

5.5.4 Outlet/connector

The IEC 63171-1 connector should be used at the equipment outlet and is recommended to be used
throughout the channel where connectors are required.

Note: The colors indicated are the wire insulation colors not the pin colors.

15
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Figure 2 - Outlet configuration

5.5.5 Performance marking
Performance marking of connecting hardware is not required.

5.5.6 Connecting hardware reliability

To assure reliable operation over the usable life of the cabling system, the connecting hardware used to
terminate to 100 Q balanced twisted-pair cabling shall meet all reliability requirements of IEC 63171 (TBD).
This document specifies test procedures and performance requirements for contact resistance, transfer
impedance (screened only), insulation resistance, durability, environmental conditioning and other tests
designed to assure consistently dependable operation.

5.5.7 Connecting hardware shield mating interface (screened only)

The shields of shielded single pair connectors (plugs and jacks) shall be designed to ensure shield continuity
when mated. The shield mating interface for the recommended connector is specified in IEC 63171-1.

5.5.8 Connecting hardware shield continuity (screened only)

For shielded systems, effective shielding requires that all cabling components be shielded, and that all
shields be bonded in accordance with ANSI/TIA-607.

6 Balanced single twisted-pair transmission requirements

6.1 General

Clause 6 contains the transmission performance specifications for 100 Q balanced single twisted-pair
cabling and components.

Transmission parameters are applicable to channels, permanent links, cables, cords, and connecting
hardware. Clause 6 describes the transmission parameters and develops the applicable generic equations
for each parameter. Laboratory measurements shall be in accordance with Annex A (except as noted in this
clause) and conformance determined at both ends or in both directions.

For field test requirements see ANSI/TIA-5071.
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6.1.1 Coupling attenuation

Coupling attenuation for single pair cabling shall be measured, over the specified frequency range of the
cabling category, in accordance with IEC 62153-4-7 or IEC 62153-4-9 when using the triaxial method for
components and cabling; or in accordance with IEC 62153-4-5 or IEC 62153-4-14 when using the absorbing
clamp method for components and cabling.

6.1.2 PSANEXT loss

PSANEXT loss takes into account the combined alien near end crosstalk (statistical) on a victim from all
disturbing sources operating simultaneously. PSANEXT loss is calculated as a power sum on the victim from
disturbing sources as shown in equation (1).

N _ ANEXT
PSANEXT =—1010g{210 10 JdB (1)

i=1

where:

N is the total number of disturbing devices under test (DUT).

ANEXT, is the measured ANEXT loss, in dB, of the victim DUT from DUT i.

i is the number of an external disturbing DUT.

6.1.3 PSAFEXT loss

PSAFEXT loss takes into account the combined alien far end crosstalk (statistical) on a victim pair from all
disturbing sources operating simultaneously. PSAFEXT loss is calculated as a power sum on the victim from
disturbing sources as shown in equation (2).

i=1

N _ AFEXT ;
PSAFEXT :—IOlog(Zlo b ]dB ()
where:

N is the total number of disturbing devices under test (DUT).

AFEX]; is the measured AFEXT loss, in dB, of the victim DUT pair from the disturbing pair of DUT i.

I is the number of an external disturbing DUT.

6.2 Balanced single twisted-pair channel requirements

This clause contains the transmission performance specifications for balanced single twisted-pair
channels. Transmission requirements that reference SP1 apply to both SP1-400 and SP1-1000 categories.

6.2.1 Channel configuration

The channel test configurations are illustrated in figures 3 and 4. See Annex C for worst case modeling
configurations.

The SP1-1000 single pair channel topology shall consist of a maximum of 10 connectors, cables and
cords/cables as shown in figure 3.
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< Channel under test =
Test I A-ll s =] caml o ml E F G H g s g « Test
equipment = IJ IJ IJ I:I [I [I LI [I I! I equipment
Legend
Cables and cords Connecting hardware
Cord/cable........ccccceevcveeiiieeee A-K Connectors C1 through C10
Maximum length
AFK e 50 m (164 ft)
Bt ot e 950 m (3117 ft)
653
654 Figure 3 - Schematic representation of a SP1-1000 channel test configuration

655  The SP1-400 single pair channel topology shall consist of a maximum of 5 connectors, cables and
656  cords/cables as shown in figure 4.

657
Channel under test
Test I I I II I I I Test
equipment EI I I \JI equipment
Legend
Cables and cords Connecting hardware
Cord/cable...........cccoooiiiiiii A-F Connectors C1 through C5
Maximum length
A+F . ... NS 50 m (164 ft)
B+..+E... N ... 350 m (1149 ft)
658
659 Figure 4 - Schematic representation of a SP1-400 channel test configuration
660

661 6.3 Channel transmission performance

662 6.3.1 Channel DC loop resistance

663 DC loop resistance for SP1 single pair channels shall not exceed the values of table 4 at 20 °C. Refer to TIA
664  TSB-184-A for additional information on channel resistance related to guidance on delivering power.

665 Table 4 - SP1 channel DC loop resistance
Category Channel length | DCR @20 C
m Q
SP1-1000 1000 50.6
SP1-400 400 61.5
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6.3.2 Channel DC resistance unbalance

The DC resistance unbalance between the two conductors of a single pair channel shall not exceed 3 % of
the DC loop resistance or 0.200 Q, whichever is greater.

6.3.3 Channel mutual capacitance

Mutual capacitance is not specified for channels.

6.3.4 Channel capacitance unbalance: pair-to-ground

Capacitance unbalance is not specified for channels.

6.3.5 Channel characteristic impedance and structural return loss (SRL)
Characteristic impedance and structural return loss (SRL) are not applicable for channels.
6.3.6 Channel return loss

Channel return loss shall meet or exceed the values determined using the equations shown in Table 5 for
all specified frequencies.

Table 5 - Channel return loss

Frequency Return loss
(MHz) (dB)
0.1<f<05 9+8f
P 0.5</<20 13.0

The channel return loss values in Table 6 are provided for information only.

Table 6 - Minimum channel return loss

Frequency SP1
(MHz) (dB)
0.1 9.8
0.5 13.0
0.772 13.0
1.00 13.0
2.00 13.0
4.00 13.0
8.00 13.0
10.00 13.0
16.00 13.0
20.00 13.0

6.3.7 Channel insertion loss
SP1-1000 and SP1-400 single pair channel insertion loss limits are derived from equation (8).

InsertionLoss =10-(InsertionLoss,,, )+ (InsertionLosS , ..pi-1000m) 9B (8)

channel conn

Clause 6.6.6 defines cable insertion loss.
Insertionloss.,  is the insertion loss of connecting hardware.

conn

InsertionL oss,,, = 0.02\/7 (9)

Channel insertion loss shall meet or be less than the values determined using the equations shown in table 7
for all specified frequencies.

19



694

695
696

697

698
699
700
701
702
703
704
705
706
707

PN-568.5 Draft 1.6

To be published as ANSI/TIA-568.5

Table 7 - Channel insertion loss

Frequency Insertion loss
(MHz) (dB)
SP1-1000 0.1<f<20 10~(1.23\/7+0.01f+0—\/%)+10-0.02\/7
0.25
SP1-400 0.1<f<20 4-(1.82,/f +0.0091f +W) +5-0.02,/f

The channel insertion loss values in table 8 are provided for information only.

NOTES,
The insertion loss of the channel does not take into consideration the measurement floor of the

connecting hardware insertion loss requirement.
The channel insertion loss requirement is derived using the insertion loss contribution of 10

1

2
3

connections.

Table 8 - Maximum channel insertion loss

Frequency SP1-1000 SP1-400
(MHz) (dB) (dB)
0.1 10.3 55
0.5 11.7 6.7
0.772 13.3 7.7
1.00 14.6 8.4
2.00 19.3 11.2
4.00 26.4 154
8.00 36.9 21.5
10.00 41.2 24.0
16.00 52.1 30.4
20.00 58.3 34.0

The SP1-1000 cable insertion loss requirement is used to determine the channel insertion loss
requirement which applies to both channels.
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6.3.8 Channel TCL

Channel TCL shall meet or exceed the values determined using the equations shown in Table 9 for all
specified frequencies. Calculations that result in single pair channel TCL values greater than 46 dB shall
revert to a requirement of 46 dB minimum.

Note: TCL and LCL parameters have reciprocity. LCL can be determined using a TCL measurement.

Table 9 - channel TCL

Frequency TCL
(MHz) (dB)
SP1 0.1<f<20 47 — 15log(f) (TBD)

The channel TCL values in Table 10 are provided for information only.

Table 10 - Minimum channel TCL

Frequency SP1
(MHz) (dB)
0.1 46.0
0.5 46.0
0.772 46.0
1.00 46.0
2.00 425
4.00 38.0
8.00 33.5
10.00 32.0
16.00 28.9
20.00 275

6.3.9 Channel TCTL

Channel TCTL shall meet or exceed the values determined using the equations shown in Table 11 for all
specified frequencies. TCTL values greater than 46 dB shall revert to a requirement of 46 dB minimum.

Note: TCTL and LCTL parameters have reciprocity. LCTL can be determined using a TCTL measurement.

Table 11 - Channel TCTL

Frequency TCTL
(MHz) (dB)
SP1 0.1<f£<20 47 — 15log( /) (TBD)
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The single pair channel TCTL values in Table 12 are provided for information only.

Table 12 - Minimum channel TCTL

Frequency SP1
(MHz) (dB)
0.1 46.0
0.5 46.0
0.772 46.0
1.00 46.0
2.00 42.5
4.00 38.0
8.00 33.5
10.00 32.0
16.00 28.9
20.00 27.5

6.3.10 Channel coupling attenuation

Coupling attenuation performance of channels is assured through the use of compliant cables and
components, and correct installation.

6.3.11 Channel propagation delay
Channel propagation delay shall meet or be less than the value shown in Table 13.

Table 13 - Channel propagation delay

Frequency Propagation delay
(MHz) (ns)
SP1 0.1<f<20 5559

6.3.12 Channel ANEXT loss
ANEXT loss is not specified for channels.

6.3.13 Channel PSANEXT loss

Channel PSANEXT loss shall meet or exceed the values determined using the equations shown in table 14.
Calculations that result in channel PSANEXT loss values greater than 67 dB shall revert to a requirement of
67 dB minimum.

Table 14 - Channel PSANEXT loss

Frequency PSANEXT loss
(MHz) (dB)
SP1 0.1</<20 37.5 — 17log(f'/20)
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746
747  The channel PSANEXT loss values in Table 15 are provided for information only.
748 Table 15 - Minimum channel PSANEXT loss
Frequency SP1
(MHz) (dB)
0.1 67.0
0.5 64.7
0.772 61.5
1.00 59.6
2.00 54.5
4.00 49.4
8.00 443
10.00 42.6
16.00 39.1
20.00 37.5

749 6.3.14 Channel AFEXT loss
750  AFEXT loss is not specified for channels.

751 6.3.15 Channel PSAFEXT loss

752 Channel PSAFEXT loss shall meet or exceed the values determined using the equations shown in
753  Table 16. Calculations that result in channel PSAFEXT loss values greater than 67 dB shall revert to a
754 requirement of 67 dB minimum.

755 Table 16 - SP1 channel PSAFEXT
Frequency PSAFEXT
(MHz) (dB)
SP1 0.1<f<20 38-18log(f'/20)
756
757  The SP1 channel PSAFEXT values in Table 17 are provided for information only.
758 Table 17 - Minimum SP1 channel PSAFEXT
Frequency SP1
(MHz) (dB)
0.1 67.0
0.5 66.8
0.772 63.4
1.00 61.4
4.00 50.6
8.00 452
10.00 434
16.00 39.7
20.00 38.0
759
760
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6.4 Balanced single twisted pair permanent link requirements

This clause contains the transmission performance specifications for balanced single twisted-pair
permanent links.

6.4.1 Permanent link configuration

The permanent link test configurations are illustrated in figures 3 and 4. See Annex C for worst case modeling
configurations.

The SP1-1000 single pair permanent link topology shall consist of a maximum of 9 connectors, and
lengths of cables as shown in Figure 5.

Note: The permanent link excludes the extra connection needed by a cross-connect.

4— Permanent link under test —>

Test AE'IB'I :IF [GFHI‘IFEJ Test
equipment %l ICJZ %! IJ ICS C! |c-! |c—! |C-! equipment
Legend
Cables Connecting hardware
Cable..iiiiiiieii B-1 Connectors C1 through C9
Ad Test equipment cords

Maximum length

=R OO = I L DO 950 m (3117 ft)

Figure 5 - Schematic representation of a SP1-1000 permanent link nine connector test
configuration

The SP1-400 single pair permanent link topology shall consist of a maximum of 4 connectors, and lengths
of cables as shown in figure Figure 6

4— Permanent link under test -—>

Test I I I I Test
equipment I I I I equipment

Legend
Cables Connecting hardware
Cable..iiiiieei B-D Connectors C1 through C4

Maximum length
BHCHD it 350 m (1149 ft)

Figure 6 - Schematic representation of a SP1- 400 permanent link 4 connector configuration
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6.5 Permanent link transmission performance

6.5.1 Permanent link DC loop resistance

DC loop resistance for SP1 single pair permanent links shall not exceed the values of table 18 at 20 °C.
Refer to TIA TSB-184-A for additional information on permanent link resistance related to guidance on
delivering power.

Table 18 - SP1 permanent link DC loop resistance

Category Permanen:nllnk length | DCR gzo C
SP1-1000 950 47.9
SP1-400 350 53.7

6.5.2 Permanent link DC resistance unbalance

The DC resistance unbalance between the two conductors of a single pair permanent link shall not exceed
3 % or 0.200 Q, whichever is greater.

6.5.3 Permanent link mutual capacitance

Mutual capacitance is not specified for permanent links.

6.5.4 Permanent link capacitance unbalance: pair-to-ground

Capacitance unbalance is not specified for permanent links.

6.5.5 Permanent link characteristic impedance and structural return loss (SRL)
Characteristic impedance and structural return loss (SRL) are not applicable for permanent links.

6.5.6 Permanent link return loss

Permanent link return loss shall meet or exceed the values determined using the equations shown in table 19
for all specified frequencies.

Table 19 - Permanent link return loss

The permanent link return loss values in table 20 are provided for information only.

Frequency Return loss
(MHz) (dB)
SP1 0.1<f<0.5 9+8f
0.5<f1<20 13.0

Table 20 - Minimum permanent link return loss

Frequency SP1
(MHz) (dB)
0.1 9.8
0.5 13.0
0.772 13.0
1.00 13.0
2.00 13.0
4.00 13.0
8.00 13.0
10.00 13.0
16.00 13.0
20.00 13.0
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6.5.7 Permanent link insertion loss
SP1 single pair permanent link insertion loss limits are derived from equation (9).

InsertionLoss .., =9 (InsertionLoss,,,, )+ (InsertionLoss g, ..piw_osom) 9B (10)
Clause 6.6.6 defines cable insertion loss.

InsertionL oss ,,, is the insertion loss of connecting hardware.

InsertionL oss ., = 0.02\/7 (11)

And

Permanent link insertion loss shall meet or be less than the values determined using the equations shown
in table 21 for all specified frequencies.

Table 21 - Permanent link insertion loss (TBD)

Frequency Insertion loss
(MHz) (dB)
SP1-1000 0.1<£<20 9.5'(1.23\/7+0.01f+%)+9-0.02\/7
0.25
SP1-400 0.1<£<20 3.5-(1.82,/f +0.0091f + 7) +4-0.02\/f

The permanent link insertion loss values in table 22 are provided for information only.

Table 22 - Maximum permanent link insertion loss

Frequency SP1-1000 SP1-400
(MHz) (dB) (dB)
0.1 9.8 4.8
0.5 11.1 5.8
0.772 12.7 6.7
1.00 13.9 7.4
2.00 18.3 9.8
4.00 25.1 13.5
8.00 35.0 18.8
10.00 39.1 21.0
16.00 495 26.5
20.00 55.4 29.7

NOTES,

1 The insertion loss of the permanent link does not take into consideration the measurement floor of
the connecting hardware insertion loss requirement.

2 The permanent link insertion loss requirement is derived using the insertion loss contribution of 9
connections.

3 The SP1-1000 and SP1-400 permanent link insertion loss requirements are different. The SP1-400
requirement allows for the addition of 50 m of SP1-400 cable while meeting the channel
requirement and the SP1-1000 requirement allows 50 m of SP1-1000 cable.

26



828

829
830
831
832
833

834

835
836

837

838

839
840

841

842
843

PN-568.5 Draft 1.6

To be published as ANSI/TIA-568.5

6.5.8 Permanent link TCL

Permanent link TCL shall meet or exceed the values determined using the equations shown in table 23 for
all specified frequencies. Calculations that result in single pair permanent link TCL values greater than 46
dB shall revert to a requirement of 46 dB minimum.

Note: TCL and LCL parameters have reciprocity. LCL can be determined using a TCL measurement.

Table 23 - permanent link TCL

Frequency TCL
(MHz) (dB)
SP1 0.1<f<20 47 — 15log(f) (TBD)

The permanent link TCL values in table 24 are provided for information only.

Table 24 - Minimum permanent link TCL

Frequency SP1
(MHz) (dB)
0.1 46.0
0.5 46.0
0.772 46.0
1.00 46.0
2.00 425
4.00 38.0
8.00 33.5
10.00 32.0
16.00 28.9
20.00 275

6.5.9 Permanent link TCTL

Permanent link TCTL shall meet or exceed the values determined using the equations shown in table 25 for
all specified frequencies. TCTL values greater than 46 dB shall revert to a requirement of 46 dB minimum.

Table 25 — Permanent link TCTL

Frequency TCTL
(MHz) (dB)
SP1 0.1<f<20 47 — 15log(f) (TBD)
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The single pair permanent link TCTL values in table 26 are provided for information only.

Table 26 — Minimum permanent link TCTL

Frequency SP1
(MHz) (dB)
0.1 46.0
0.5 46.0
0.772 46.0
1.00 46.0
2.00 42.5
4.00 38.0
8.00 33.5
10.00 32.0
16.00 28.9
20.00 27.5

6.5.10 Permanent link coupling attenuation

Coupling attenuation performance of permanent links is assured through the use of compliant cables and
components, and correct installation.

6.5.11 Permanent link propagation delay

Permanent link propagation delay shall meet or be less than the value shown in table 27 for the specified
frequency ranges.

Table 27 - Permanent link propagation delay

Frequency Propagation delay
(MHz) (ns)
SP1 0.1<f<20 5273 (TBD)

6.5.12 Permanent link ANEXT loss
ANEXT loss is not specified for permanent links.

6.5.13 Permanent link PSANEXT loss

Permanent link PSANEXT loss shall meet or exceed the values determined using the equations shown in
table 28. Calculations that result in permanent link PSANEXT loss values greater than 67 dB shall revert to
a requirement of 67 dB minimum.

Table 28 - Permanent link PSANEXT loss

Frequency PSANEXT loss
(MHz) (dB)
SP1 0.1</<20 37.5 — 17log(f'/20)
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The permanent link PSANEXT loss values in table 29 are provided for information only.

Table 29 - Minimum permanent link PSANEXT loss

Frequency SP1
(MHz) (dB)
0.1 67.0
0.5 64.7
0.772 61.5
1.00 59.6
2.00 54.5
4.00 494
8.00 44.3
10.00 42.6
16.00 39.1
20.00 37.5

6.5.14 Permanent link AFEXT loss
AFEXT loss is not specified for permanent links.

6.5.15 Permanent link PSAFEXT loss

Permanent link PSAFEXT loss shall meet or exceed the values determined using the equations shown in
table 30. Calculations that result in permanent link PSAFEXT loss values greater than 67 dB shall revert to
a requirement of 67 dB minimum.

Table 30 - SP1 permanent link PSAFEXT

Frequency PSAFEXT
(MHz) (dB)
SP1 0.1<f<20 38-18log(f'/20)

The SP1 permanent link PSAFEXT values in table 31 are provided for information only.

Table 31 - Minimum SP1 permanent link PSAFEXT

Frequency SP1
(MHz) (dB)
0.1 67.0
0.5 66.8
0.772 63.4
1.00 61.4
4.00 50.6
8.00 452
10.00 434
16.00 39.7
20.00 38.0

29



877

878
879
880
881
882
883

884

885
886
887

888

889

890
891
892

PN-568.5 Draft 1.6
To be published as ANSI/TIA-568.5
6.6 Cable transmission performance

Cable measurements are made on a 100 m sample. The cable requirements and tests are designed to
assure the performance of permanent links up to the specified lengths of 1000 m and 400 m.

DC loop resistance, loop inductance, and capacitance should be met by the applicable specifications for
the application/s intended. In the absence of specific guidance, the values in table 36 are recommended
for qualification where required.

Table 32 - Cable parameters at 1 KHz and 20 °C

Parameter Minimum Value Maximum Value
RDC. Loop 15 Q/km (TBD) 1500hm/km (TBD)
esistance
| Loop 0.4 mH/km (TBD) 1mH/km (TBD)
nductance
Capacitance 45 nF/km (TBD) 200nF/km (TBD)

6.6.1 Cable DC resistance

For single pair cable, DC resistance shall not exceed the values in table 33 per 100 m (328 ft) for each
conductor when measured in accordance with ASTM D4566 at or corrected to a temperature of 20 °C.

Table 33 - Cable DC resistance per 100 m

AWG Q per 100 m
18 2.33
20 3.7
22 5.90
23 7.44
24 9.38
26 14.9

6.6.2 Cable DC resistance unbalance

DC resistance unbalance shall not exceed 4 % at 20 degrees C when measured accordance with ASTM
D4566. This is equivalent to 2 % when measured in accordance with IEC 61156-1.
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6.6.3 Cable mutual capacitance

Mutual capacitance shall be measured in accordance with ASTM D4566.

The mutual capacitance of a single pair cable pair at 1 kHz, measured at or corrected to a temperature of
20 °C, should not exceed 5.6 nF per 100 m (328 ft).

6.6.4 Cable capacitance unbalance: pair-to-ground
Capacitance unbalance to ground is not specified for cables.

6.6.5 Cable return loss

Single pair cable return loss shall meet or exceed the values determined using the equations shown in
Table 34 for all specified frequencies. Single pair cable return loss is measured on 100 m samples.

Table 34 - Cable return loss

Frequency Return loss
(MHz) (dB)
0.1<f<10 20+5log(f)
SP1 10<f<20 25

The cable return loss values in Table 35 are provided for information only.

Table 35 - Minimum cable return loss

Frequency SP1
(MHz) (dB)
0.1 15.0
0.5 18.5
0.772 194
1.00 20.0
2.00 215
4.00 23.0
8.00 24.5
10.00 25.0
16.00 25.0
20.00 25.0

6.6.6 Cable insertion loss

Insertion loss shall be measured on a 100 m sample at 20 + 3 °C or corrected to a temperature of 20 °C
using the correction factors specified in this clause. The insertion loss for UTP cables shall be adjusted at
elevated temperatures using a factor of 0.4 % increase per °C from 20 °C to 40 °C and 0.6% increase per
°C for temperatures from 40 °C to 60 °C. The insertion loss for screened cables shall be adjusted at elevated
temperatures using a factor of 0.2% increase per °C from 20 °C to 60 °C.

Single pair cable insertion loss shall meet or be less than the values determined using the equations shown
in table 36 for all specified frequencies. The table specifies insertion loss requirements for sample lengths
of 100 m.
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Table 36 - Cable insertion loss (100 m)

Frequency Insertion loss
(MHz) (dB)
0.2
SP1-1000 0.1</<20 (1.23\/?+0.01'f+ﬁ)
SP1-400 0.1</<20 (1.82,/f + 0.0091 - f + °'—;75) (TBD)

The maximum single pair cable insertion loss values in Table 37 are provided for information only.

Table 37 - Maximum cable insertion loss for 100 meter sample

6.6.7 Cable TCL

Frequency | SP1-1000 SP1-400
(MHz) (dB) (dB)
0.1 1.0 14
0.5 1.2 1.6
0.772 1.3 1.9
1.00 14 2.1
2.00 1.9 2.8
4.00 2.6 3.8
8.00 3.6 5.3
10.00 41 5.9
16.00 5.1 7.5
20.00 5.7 8.4

Cable TCL shall meet or exceed the values determined using the equations shown in Table 38 for all
specified frequencies. Calculations that result in single pair cable TCL values greater than 50 dB shall revert
to a requirement of 50 dB minimum. Compliance to these requirements is intended to be verified by

laboratory measurements.

Note: TCL and LCL parameters have reciprocity. LCL can be determined using a TCL measurement.
Table 38 - Cable TCL

Frequency TCL
(MHz) (dB)
SP1 0.1<f<20 50 - 15log(f) (TBD)
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The cable TCL values in Table 39 are provided for information only.

Table 39 - Minimum cable TCL

Frequency SP1
(MHz) (dB)
0.1 50.0
0.5 50.0
0.772 50.0
1.00 50.0
2.00 455
4.00 41.0
8.00 36.5
10.00 35.0
16.00 31.9
20.00 30.5

6.6.8 Cable TCTL

Cable TCTL shall meet or exceed the values determined using the equations shown in Table 40 for all
specified frequencies. Calculations that result in single pair cable TCTL values greater than 50 dB shall
revert to a requirement of 50 dB minimum. Compliance to these requirements is intended to be verified by
laboratory measurements.

Table 40 - Cable TCTL

Frequency TCTL
(MHz) (dB)
SP1 0.1<f<20 50 — 15log( /) (TBD)

The single pair cable TCTL values in Table 41 are provided for information only.

Table 41 - Minimum cable TCTL

Frequency SP1
(MHz) (dB)
0.1 50.0
0.5 50.0
0.772 50.0
1.00 50.0
4.00 41.0
8.00 36.5
10.00 35.0
16.00 31.9
20.00 30.5
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945

946  6.6.9 Cable coupling attenuation

947 Cable coupling attenuation shall meet or exceed the values determined using the equations shown in
948 Table 42 for all specified frequencies. Coupling attenuation requirements apply only to shielded cables.

949 Table 42 - Cable coupling attenuation
Frequency Coupling
(MHz) attenuation
(dB)
SP1 0.1<f<20 60 (TBD)
950

951 6.6.10 Cable propagation delay
952  Cable propagation delay shall meet or be less than 534 + 36/sqrt(f) ns per 100 m.

953 6.6.11 Cable ANEXT loss
954  ANEXT loss is not specified for cables.

955  6.6.12 Cable PSANEXT loss

956 Cable PSANEXT loss is specified for 100 m single pair cables. The 100 m single pair cable PSANEXT loss
957  shall meet or exceed the values determined using the equations shown in Table 43. Calculations that result
958 in 100 m cable PSANEXT loss values greater than 67 dB shall revert to a requirement of 67 dB minimum.

959 Table 43 - Cable PSANEXT loss
Frequency PSANEXT loss
(MHz) (dB)
SP1 0.1<f<20 37.5 — 17log(f'/20)
960
961 The single pair cable PSANEXT loss values in Table 44 are provided for information only.
962 Table 44 - Minimum 100 m cable PSANEXT loss
Frequency SP1
(MHz) (dB)
0.1 67
0.5 64.7
0.772 61.5
1.00 59.6
2.00 54.5
4.00 49.4
8.00 443
10.00 42.6
16.00 39.1
20.00 37.5

963 6.6.13 Cable AFEXT loss
964  AFEXT loss is not specified for cables.
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6.6.14 Cable PSAFEXT loss

Cable PSAFEXT loss is specified for 100 m single pair cables. The 100 m single pair cable PSAFEXT loss
shall meet or exceed the values determined using the equations shown in Table 45. Calculations that
result in 100 m cable PSANEXT loss values greater than 67 dB shall revert to a requirement of 67 dB
minimum.

Table 45 - SP1 cable PSAFEXT

Frequency PSAFEXT
(MHz) (dB)
SP1 0.1<f<20 38-18log(f'/20)

The SP1 single pair cable PSAFEXT values in Table 46 are provided for information only.
Table 46 - Minimum SP1 cable PSAFEXT

Frequency SP1
(MHz) (dB)
0.1 67.0
0.5 66.8
0.772 63.4
1.00 61.4
4.00 50.6
8.00 45.2
10.00 43.4
16.00 39.7
20.00 38.0

6.7 Bundled cable transmission performance

The individual cables within a bundled cable shall meet the requirements in clause 6.6 of this Standard
after bundle formation.
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6.8 Connecting hardware transmission performance

Compliance to the requirements of this clause shall ensure that connecting hardware installed in accordance
with ANSI/TIA-568.0 will have minimal effects on cable performance. These requirements are applicable to
individual connectors and connector assemblies that include, but are not limited to, single pair
outlet/connectors, patch panels, consolidation points, transition points, and cross-connect blocks.

Unless otherwise specified, all connecting hardware shall be tested in a mated state.

6.8.1 Mated connecting hardware DC resistance
Input to output DC resistance shall be measured in accordance with IEC 63171-1.
Each signal path shall not exceed 200 mQ. Shield path, if present, shall not exceed 100 mQ.

6.8.2 Connecting hardware DC contact resistance
Shield contact resistance is specified in IEC 63171-1 and signal contact resistance in IEC 63171-1.

6.8.3 Connecting hardware DC resistance unbalance
DC resistance unbalance is specified in IEC 63171-1.

6.8.4 Connecting hardware mutual capacitance
Mutual capacitance is not specified for single pair connecting hardware.

6.8.5 Connecting hardware capacitance unbalance: pair-to-ground
Capacitance unbalance to ground is not specified for single pair connecting hardware.

6.8.6 Connecting hardware characteristic impedance and structural return loss (SRL)
Characteristic impedance and structural return loss are not specified for connecting hardware.

6.8.7 Connecting hardware return loss

Connecting hardware return loss shall meet or exceed the values determined using the equations shown in
Table 47 for all specified frequencies.

Table 47 - Connecting hardware return loss

Permanent link Frequency Return loss
category (MHz) (dB)
SP1 0.1</<15 40
15<f<20 38 — 20log( f/20)
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The connecting hardware return loss values in Table 48 are provided for information only.

Table 48 - Single pair minimum connecting hardware return loss

Frequency (MHz) SP1
dB

0.1 40.0
0.5 40.0
0.772 40.0
1.00 40.0
2.00 40.0
4.00 40.0
8.00 40.0
10.00 40.0
16.00 39.9
20.00 38.0

6.8.8 Connecting hardware insertion loss

Single pair connecting hardware insertion loss shall meet or be less than the values determined using the
equations shown in Table 49 for all specified frequencies. Calculations that result in insertion loss values
less than 0.05 dB shall revert to a requirement of 0.05 dB maximum.

Table 49 - Connecting hardware insertion loss

Channel Frequency Insertion loss
category (MHz) (dB)
SP1 0.1</<20 0.02{/f

The connecting hardware insertion loss values in Table 50 are provided for information only.

Table 50 - Maximum connecting hardware insertion loss

Frequency SP1
(MHz) dB
0.1 0.05
0.5 0.05
0.772 0.05
1.00 0.05
2.00 0.05
4.00 0.05
8.00 0.06
10.00 0.06
16.00 0.08
20.00 0.09

6.8.9 Connecting hardware TCL

Single pair connecting hardware TCL shall meet or exceed the values determined using the equations shown
in Table 51 for all specified frequencies. Single pair connecting hardware TCL values greater than 50 dB
shall revert to a requirement of 50 dB minimum.
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Table 51 - Connecting hardware TCL

Channel Frequency TCL
category (MHz) (dB)
SP1 0.1<f<20 68-20log(f)

The connecting hardware TCL values in Table 52 are provided for information only.

Table 52 - Minimum connecting hardware TCL

Frequency SP1
(MHz) dB
0.1 50.0
0.5 50.0
0.772 50.0
1.00 50.0
2.00 50.0
4.00 50.0
8.00 49.9
10.00 48.0
16.00 43.9
20.00 42.0

6.8.10 Connecting hardware TCTL

Connecting hardware TCTL shall meet or exceed the values determined using the equations shown in
Table 53 for all specified frequencies. Calculations that result in single pair connecting hardware TCTL
values greater than 50 dB shall revert to a requirement of 50 dB minimum.

Table 53 - Connecting hardware TCTL

Channel Frequency TCTL
category (MHz) (dB)
SP1 0.1<f<20 50

The connecting hardware TCTL values in Table 54 are provided for information only.

Table 54 - Minimum connecting hardware TCTL

Frequency SP1
(MHz) dB
0.1 50.0
0.5 50.0
0.772 50.0
1.00 50.0
2.00 50.0
4.00 50.0
8.00 50.0
10.00 50.0
16.00 50.0
20.00 50.0
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6.8.11 Connecting hardware ELTCTL
ELTCTL is not specified for connecting hardware.

6.8.12 Connecting hardware coupling attenuation (screened only)

Single pair connecting hardware coupling attenuation is assumed to be met whenever the channel
coupling attenuation requirement is met.

6.8.13 Connecting hardware propagation delay

Single pair connecting hardware propagation delay of each installed mated connection is assumed to not
exceed 2.5 ns from 0.1 MHz to the highest referenced frequency.

6.8.14 Connecting hardware transfer impedance (screened only)

The shield transfer impedance of single pair screened connecting hardware, measured in accordance with
IEC 60512-26-100, test 26e shall not exceed the values determined using Table 55. Values smaller than 40
mQ shall revert to 40 mQ.

Table 55 - Connecting hardware transfer impedance (screened only)

Frequency Ztconn
(MHz) (mQ)
0.1<f<10 <50- /1

10 < f<20 <10-f

Where:

ZTCO,,,, is the transfer impedance of the connecting hardware shield.

The values in Table 56 are derived from Table 55 and are provided for information only.

Table 56 - Maximum connecting hardware transfer impedance

Frequency SP1
(MHz) (mQ)
0.1 40
0.5 41
0.772 46
1.00 50
2.00 62
4.00 76
8.00 93
10.00 100
16.00 160
20.00 200

Compliant transfer impedance performance of cables and single pair connecting hardware is not sufficient
to ensure proper link and channel transfer impedance. Cable shields shall be terminated to the connecting
hardware shields following manufacturer’s instructions.
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1059 6.8.15 Connecting hardware ANEXT loss
1060  ANEXT loss is not specified for single pair connecting hardware.

1061 6.8.16 Connecting hardware PSANEXT loss
1062 Connecting hardware PSANEXT loss shall meet or exceed the value shown in Table 57.

1063 Table 57 - Connecting hardware PSANEXT loss
Channel Frequency PSANEXT loss
category (MHz) (dB)

SP1 0.1<f<20 67

1064

1065 6.8.17 Connecting hardware AFEXT loss
1066  AFEXT loss is not specified for single pair connecting hardware.

1067  6.8.18 Connecting hardware PSAFEXT loss
1068 Connecting hardware PSAFEXT loss shall meet or exceed the values shown in Table 58.

1069 Table 58 - Connecting hardware PSAFEXT loss
Channel Frequency PSAFEXT loss
category (MHz) (dB)

SP1 0.1</<20 67

1070

1071
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Annex A (normative) — Cabling and component test procedures

A.1 General

This document describes the general configuration of and requirements for laboratory test equipment for
measurement of generic single pair copper cabling components and systems. The equipment
configurations described are for measurement of cabling devices consisting of one pair of wires which
present to the test equipment 4 ports for measurement divided into 2 ports at a defined near (local) end
and 2 ports at a defined far (remote) end. For practical purposes all 4 ports connect to a single network
analyzer for measurement, so the remote end is not physically removed from the local end. The least
number of network analyzer ports considered in this standard is two, with external switching or manual
connections to adapt the network analyzer to the cabling under test. The maximum (ideal) number of
network analyzer ports considered here is 8, which would provide a fully calibrated measurement
environment for two single-pair devices. In this document, the cable, channel, or other device under test
will be referred to as the DUT.

The test fixtures described in this document are designed to present a generic interface between cabling
devices which present twisted pair wires to the test interface with a multi-port network analyzer. The test
system may also include an intermediate RF switch to adapt the number of network analyzer ports to the
number of DUT ports. The multi-port (4 port) network analyzer allows for the elimination of balun
transformers from the measurement path of devices that are designed for differential signaling. The
network analyzer can drive any single-ended 50 Q port, measure response from any single-ended 50 Q
port and calculate the response in terms of mixed mode (differential and common mode) signaling
environment. Some network analyzers provide true differential signaling on port pairs. Full characterization
of a two-port differentially signaled DUT is possible through stimulus and measurement of the four-port
single-ended S-parameters. The results include not only the commonly specified differential S-parameters
(insertion loss, return loss) and mixed mode S-parameters (TCL, TCTL), but also common mode
parameters such as common mode insertion loss and common mode return loss. In addition, the four port
S-parameter data may be post-processed to provide equivalent test results for different mixed mode
environments, for example different common mode impedances.

The requirements for the measurement system apply up to the highest frequency of the category of the
device being measured.

Balunless methods are specified in this document. Other measurement methods that are demonstrated to
show equivalence to the methods in this annex are allowed. The test methods described in ANSI/TIA-568.2-
D and ANSI/TIA-1183-A may be used. When this is done, the fixture accuracy requirements from those
documents at 1 MHz also apply from 0.1 to 1 MHz. The single pair is treated as pair 1 of the four-pair cabling
system and the relevant parameters are tested.

Test equipment that incorporates baluns in the signal path may also be used. When baluns are used in test
equipment, their performance characteristics shall comply with table A.1.
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Table A.1 - Test balun performance characteristics 0.1 MHz to 20 MHz

Parameter Frequency (MHz) Value
Impedance, primary 0.1<f<20 50 Q unbalanced
Impedance, secondary 0.1<f<20 100 O balanced
Insertion loss 0.1<f<20 1.0 dB maximum
Return loss, bi-directional 2) 0.1<f<20 20 dB minimum
Return loss, common mode 2 0.1<f<20 20 dB minimum
Power rating 0.1</<20 0.1 watt minimum
Longitudinal balance 2 0.1<f<20 60 dB minimum
Output signal balance 2 0.1<£<20 50 dB minimum
Common mode rejection 2) 0.1<f<20 50 dB minimum
1) Primary impedance may differ, if necessary, to accommodate analyzer outputs other than
50 Q.
2) Measured per ITU-T (formerly CCITT) Recommendation G.117 with the network analyzer
calibrated using a 50 Q load.

A.2 Test configurations

The basic test configurations in this document show connections between a four-port network analyzer and
a 4 port DUT. The 50 Q ports of the network analyzer are connected directly to each of the active pin-
pair(s) of the DUT under test. Far end ports which are not connected to the network analyzer are
terminated with resistor terminations.

Resistor terminations may terminate far end ports. The optimal measurement configuration is for each of
the ports of the device under test to be terminated with a network analyzer port. This allows for the residual
effects of the terminations to be compensated through calibration. For a four port measurement, this allows
fully calibrated measurements on a one pair DUT. The measurements that can be made on a single pair
include insertion loss, return loss, TCL, TCTL, and delay. Measurements of two DUT’s would include alien
crosstalk between the two DUT’s, near end and far end, in addition to the above parameters. This would
require 8 ports to be connected to an 8 port network analyzer for fully calibrated measurements.

A.3 Test configurations specifications

Figure A.1, shows measurement configurations for an eight port DUT for measurement of all parameters of
two single pair DUT’s including alien crosstalk couplings between DUTSs. In this configuration, external
switches connect the four measurement ports to the network analyzer. Far end ports are terminated within
the external switch modules. Figures A.2 through A.5 show measurement configurations using a four port
network analyzer and externally applied termination resistors at the far end ports in some configurations.
The four-port network analyzer excites and monitors on four 50 Q single-ended ports. The measurement
results are defined in terms of single-ended 50 Q S-parameters. These test configurations are used to
extract the full 8 by 8 S-parameter matrix to fully characterize the 8 port DUT, and can be expressed using
appropriate algorithms to calculate the response with mixed mode terminations specified for the cabling
system.

When two single-ended ports are combined, forming the equivalent of one 100 Q differential port in a
mixed mode environment, the differential impedance between the signal pins will be 100 Q and the
common mode impedance with respect to ground will be 25 Q. This common mode impedance differs from
the 50 Q common mode impedance specified in the ANSI/TIA 568.2 standard. Measurement results shall
be post-processed to obtain results consistent with this standard’s requirements, see ANSI/TIA-1183.
Typical 4 port network analyzers make single ended measurements that are transformed into mixed mode
results within the network analyzer. Some network analyzers allow for normalizing the common mode
impedance. If the far ends of a single pair DUT are not available locally for direct connection to the network
analyzer, they should be terminated with resistor terminations that provide the desired 50 Q common mode
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reference impedance. Care should be taken to ensure that all single-ended transmission paths through
switching, cables and fixtures exhibit suitable insertion loss and return loss characteristic as required by
this standard.

Measurement of all 8 ports of the DUT require either the use of a switching matrix between the network
analyzer and the DUT as shown in Figure A.1 or successive re-positioning of the DUT input and output
port connections until all port combinations are tested. If a switching matrix is used, it shall be configurable
to allow all 8 ports to be connected either as inputs, outputs, or terminations. It is assumed that calibration
at the DUT test interface will correct for impairments in the switching and cabling. A unique calibration for
each signal path is required. For some shielded single pair systems it can be demonstrated that alien
crosstalk couplings between DUTs are at or below the level of measurement floor. In this case, all
necessary single pair DUT measurements may be made with the four port network analyzer in a fully
calibrated mode.

Network Analyzer

Port 1 Port 2 Port 3 Port 4

® 9 PQ

J D N

( Active test -
Active test
Coaxial cables / interface le—1 i
| interface
] |
J l | | 13
PR} Ps A 5 P ® o
o) ] | o .
ap
FZ \ 14

- — Screen or shield —
Test fixt Test Fixture

Figure A.1 - Test system diagram for four port network analyzer

Note: The two programmable switches illustrated in figure A.1 may be combined into a single
programmable switch, enabling any input port to be connected to any output port.

Figure A.2 shows the laboratory measurement configuration using a four port network analyzer. In this
configuration the network analyzer is calibrated using 50 Q to ground loads and is configured to apply a
100 Q DM/25 Q CM balun at the test interface (either by within the VNA set up or by postprocessing).
Results taken using the configuration shown in Figure A.2 shall be postprocessed to convert to the
reference impedance of 100 Q DM/50 Q CM using the technique provided by TIA-1183.
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1173
Network Analyzer
Port 1 Port 2 Port 3 Port 4
J N
Active test DUT Active test
:A/ interface interface \A:
| bt 7!
|1 " i J3
kJZ I ) )4
o b
[ L f_ A I
B | Screen or shield if used | Test Fixture l ;
1174
1175 Figure A.2 - Laboratory test configuration for cable and channel insertion loss, return loss, TCL,
1176 TCTL, and propagation delay.

1177 Figure A.3 shows the laboratory measurement configuration for measurement of alien crosstalk between
1178 DUTs. In this configuration the network analyzer is calibrated using 50 Q to ground loads and is configured
1179  to apply a 100 Q DM/50 Q CM balun at the test interface (either by within the VNA set up or by

1180  postprocessing). Figure A.3 shows 100 Q DM/25 Q CM termination which may be used for convenience,
1181 100 Q DM/50 Q CM terminations may also be used. It is assumed for Alien crosstalk measurements the
1182  difference between these terminations is negligible.

1183
Network Analyzer
Port 1 Port 2 Port 3 Port 4
4
(( o |
Resistor far end terminations
/ DUT
Test Fixture | —]___Test interface | l
i

[%Ir“““"-""“"“ R T ettt -

J1 f 11500 !

1|

£ L

. s I s

\. J4 ' HR = !

d
B B frmmm T "L
| Screen or Shield if used |
1184
1185 Figure A.3 - Laboratory test configuration for alien NEXT loss between DUTs
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1186  The configuration of either figure A.4 or A.5 may also be used for measurement of return loss and TCL
1187  (LCL) of the pairs under test.

Network Analyzer
Port 1 Port 2 Port 3 Port 4
/ Resistor far end
terminations
| Testinterface | but I
| o e e e e e e Sy, Y T
________________________________ .
J1 " 11 500 :
| — |
J_ W __ T ________________ ) |_J________l
| Screen orshield if used |
1188
1189 Figure A.4 - Two port test configuration with 25 Ohm common mode termination.

1190 Measurements using the configuration shown in figure A.4 shall be post processed to convert to the
1191 reference impedance of 100 Q DM/50 Q CM using the technique provided by ANSI/TIA-1183. This will
1192 require further measurement of all six combinations of 2 port configurations across the 4 ports.

1193

Network Analyzer
Port 1 Port 2 Port 3 Port 4

/ Resistor far end
terminations

J:_ M e T ________________ 1 J

| Screen orshield if used |

1194
1195 Figure A.5 - Two port test configuration with 50 Ohm common mode termination.

1196  When using the configuration shown in figure A.5 the near end impedance shall be matched to the far end
1197  termination, either by VNA setup, or by post processing. Results are in the reference impedance of 100 Q
1198 DM and 50 Q CM.
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Network Analyzer
Port 1 Port 2 Port 3 Port 4

DUT Resistor far end
| Test Fixture ||A/| Test interface terminations
|
[ e —— 2
v I |r 50 Q

Resistor far end | Screen or shield if used |
terminations

Figure A.6 - Laboratory test configuration for alien FEXT loss between two DUTs.

A.4 Alien crosstalk test configurations

See ANSI/TIA 568.2 for general guidance on arrangement of cables and connectors for alien crosstalk
testing. Cables are arranged in a 6 around 1 configuration. Connectors are arranged in an 8 around 1
configuration with two corner connectors in the array removed.

A.5 Application of calibration standards

When open, load, short and thru calibration reference artifacts are applied directly to the test fixture
interface with no intermediary adapters as shown in figure A.7 through A.10, respectively, the calibration
plane will be located at the ends of the sockets of the DUT adapter. There are six combinations of through
measurements needed to complete the calibration of four SE ports. Through calibration standards which
are designed to have a 50 Q impedance should be used for each of the six combinations. When each pair
of differential ports is fully characterized, it will be calibrated not only for differential measurements, ILpp,
RLpp, but also for mixed mode measurements, TCL, TCTL, and common mode measurements, such as
RLcc and |Lcc.

Examples of application of calibration reference load artifacts for calibration are shown in figures A.7
through A.10.
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Network Analyzer
Port1 Port 2 Port 3 Port 4

S
J ~N
DUT DUT
adapter adapter
I, U N
__\\» J1 A ! 13

©)
©)
T
<

|
l | I
L4 0 o P
o MED SR [ Rt
J_— } — —_[Active test Active test /" — —;—
- 4 I interface interface I 5
- S W
Test fixture Test Fixture
1216
1217 Figure A.7 - Open calibration

1218  The open calibration reference load artifact is identical to the DUT adapter, and replaces the DUT adapter

1219  for calibration. Alternatively, the DUT adapter may be used as the open calibration reference artifact.
1220

Network Analyzer
Port 1 Port 2 Port 3 Port 4
DUT DUT
adapter adapter
T U
1 lv i N 13
12] 44 —{ SHORT] [sHorT =3¢ N
J_— } — —_[Active test Active test |—"1 —é—
- 4 I interface interface | 4
|
S USRI U R R S U I P U U
Test fixture Test Fixture
1221
1222 Figure A.8 - Short calibration

1223 The short calibration reference load artifact replaces the DUT adapter during the calibration process.
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Network Analyzer

Port 1 Port 2 Port 3 Port 4

©)
O
©)
©)

A 4

Active test Active test

DUT DUT
adapter adapter
T am v
|
11 Y 1 500 500 | 1 13

v T
o o e S
JT_ }_ 50Q 50 _I —é—

| [

l |

interface interface

Testfixture | b — — — — — - e — — — Test Fixture

Figure A.9 - Load calibration

The load calibration reference load artifact replaces the DUT adapter during the calibration process.

Network Analyzer

Port 1 Port 2 Port 3 Port 4

Py @Q

DUT
adapter

Tk

1
- Wl ARy N| 3
\ B 1ol I .
2] I 14 J
— e =
= A ,___T__J A

Test fi Active test Test Fixture
est fixture interface ixtu

Figure A.10 - Thru calibration configuration

In this example, the open, short, load, and through calibration artifacts are made from the same PCB
design as the DUT interface adapter PCB so that they may replace it during calibrations with minimal effect

on accuracy.

The through calibration reference artifact is placed onto the DUT adapter during the calibration process.
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Annex B (informative) — PoDL application support information

This annex provides informative information about IEEE 802.3 single-pair powering applications.
Maximum channel lengths are limited by the channel DC resistance (DCR) or the application insertion loss
(IL), whichever is more restrictive. Channel DC resistance is a function of the cable DCR, connector DCR,
number of connectors, and the maximum allowed loop resistance for the PoDL power class.

Class power requirements matrix for PSE, Pl, and PD for PoDL classes 10 through 15

Table B.1 - PoDL power classes

Class 10 11 12 13 14 15
VpsE(max) (V) 30 30 30 58 58 58
IPi(max)(MA) 92 240 632 231 600 | 1579
Ppp(max) (W) 1.23 3.2 8.4 7.7 20 52
DCR (Q) 65 25 9.5 65 25 9.5

Note: For further information, see IEEE Std 802.3cg-2019 Table 146B-1.
Lmax = (MaxLoopR - (#connections x 2 x Rconn))/(2 x Rcable/100) (12)

Where:

Lmax = Max. channel length(m)

MaxLoopR = Maximum loop resistance (DCR value in Table B.1)
Rconn = Mated Connection DC resistance (see 6.8.1)

Rcable = Cable DC resistance (see Table 37)

Tables B.2 through B.4 show the maximum channel lengths of cabling for PoDL power classes for different wire
gauges (AWG) and number of connectors. All tables assume the same wire gauge is used for the entire channel. The
values in these tables are for 20°C. When the cabling system is to be operated at higher temperatures, the
temperature effects should be considered.

When the cabling system is to be operated at temperatures greater than 20°C, the maximum channel lengths must be
reduced by 0.4% for each °C above 20 °C at which the channel is operated.

Example: Class 13 (7.7W) Channel with 5 connectors using 23 AWG cable
Max. Channel length @ 20°C  =423m

Max. Channel length @ 45°C =423 x ((1-0.004 x (45-20))

=423 (0.9)
=380.7m
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Table B.2
POWER CLASS 10 & 13 (1.23W / 7.7W)

Max. Channel length(m) versus # of Connectors

AWG 2 3 4 5 6 7 8 9 10
18 | 1000% | 1000% | 1000% | 1000% | 1000 | 1000% | 1000% | 1000% | 10007
20 7932 | 793% | 793% | 793% | 793% | 793% | 793% | 7932 | 7932
22 544 541 537 534 531 527 524 520 517
23 431 429 426 423 421 418 415 413 410
24 342 340 338 336 334 332 329 327 325
26 215 214 212 211 210 208 207 206 204

Note 1: Channels that exceed 400m or have more than 5 connections do not comply with the SP1-400 channel
topology requirements (shown in gray).
Note 2: Maximum channel length determined by Insertion Loss limit

Table B.3
POWER CLASS 11 & 14 (3.2W / 20W)

Max. Channel length(m) versus # of Connectors
AWG 2 3 4 5 6 7 8 9 10
18 519 | 511 | 502 | 494 | 485 | 476 | 468 459 451
20 326 | 321 | 315 | 310 | 305 | 299 294 288 283
22 205 | 202 | 198 | 195 | 192 | 188 185 181 178
23 163 | 160 | 157 | 155 | 152 | 149 147 144 141
24 129 | 127 | 125 123 120 | 118 116 114 112

26 81 80 78 77 76 74 73 72 70

Note 1: Channels that exceed 400m or have more than 5 connections do not comply with the SP1-400 channel
topology requirements (shown in gray).

Table B.4
POWER CLASS 12 & 15 (8.4W / 52W)

Max. Channel length(m) versus # of Connectors
AWG 2 3 4 5 6 7 8 9 10
18 187 | 178 | 170 | 161 | 152 | 144 135 127 118
20 117 | 112 | 106 | 101 96 90 85 80 74

22 74 70 67 64 60 57 53 50 47
23 58 56 53 50 48 45 42 40 37
24 46 44 42 40 38 36 34 31 29
26 29 28 26 25 24 22 21 20 18

Note 1: Channels that exceed 400m or have more than 5 connections do not comply with the SP1-400 channel
topology requirements (shown in gray).
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1288 Annex C (informative) - Modeling configurations

1289

1290 C.1 SP1-1000 channel modeling configurations

1291 Figure C.1 shows two channel modeling configurations that are used for worst-case analysisof the SP1-
1292 1000 channel.

1293
A B c D E F G H I J K
{1
c1 c2 c3 ca cs ce c7 c8 co c10
1294
Channel modeling
ID | Description configuration
1 2
A Cable 25m 5m
C1 | Connector P P
B Cable 125 m 10m
C2 | Connector P P
C Cable 100 m 10m
C3 | Connector P P
D Cable 100 m 10m
C4 | Connector P P
E Cable 100 m 10m
C5 | Connector P P
F Cable 100 m 10m
C6 | Connector P P
G Cable 100 m 10m
C7 | Connector P P
H Cable 100 m 10m
C8 | Connector P P
I Cable 100 m 10m
C9 | Connector P P
J Cable 125 m 10m
C10 | Connector P P
K Cable 25m 5m
P = Present in this channel model N/P = Not Present in
this Channel model
1295 Figure C.1 - SP1-1000 channel modeling configuration
1296
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C.2 SP1-400 channel modeling configurations

Figure C.2 shows two channel modeling configurations that are used for worst-case analysis of the SP1-400
channel.

A B C D E F
C1 Cc2 C3 Cc4 C5
Channel modeling
ID | Description configuration
1 2
A Cable 25 m 5m
C1 | Connector P P
B Cable 87.5m 10m
C2 | Connector P P
C Cable 87.5m 10 m
C3 | Connector P P
D Cable 87.5m 10 m
C4 | Connector P P
E Cable 87.5m 10m
C5 | Connector P P
F Cable 25m 5m
P = Present in this channel model N/P = Not Present in
this Channel model

Figure C.2 - SP1-400 channel modeling configuration

52



1305

1306
1307

1308

1309
1310

PN-568.5 Draft 1.6

To be published as ANSI/TIA-568.5

Annex D

(informative) - Application support considerations.

Table D.1 shows a compatibility matrix of applications with the channels defined in this standard.

Table D.1 - Applications compatibility matrix

Channel SP1-1000 SP1-400
Max Length, 1000 400
meters
Frequency
Range, MHz 0.1-20 0.1-20
Based on 10Base-TIL | 10Base-T1L
Electrical Spec
10BASE-T1L Supported Supported
10BASE-T1S Supported Supported
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IEC 62153-4-11, Metallic Communication Cable Test Methods - Part 4-11: Electromagnetic Compatibility
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IEC 62153-4-12, Metallic Communication Cable Test Methods - Part 4-12: Electromagnetic Compatibility
(EMC) - Coupling Attenuation or Screening Attenuation of Connecting Hardware - Absorbing Clamp Method

IEC 62153-4-13, Metallic Communication Cable Test Methods - Part 4-13: Electromagnetic Compatibility
(EMC) - Coupling Attenuation of Links and Channels (Laboratory Conditions) - Absorbing Clamp Method
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IEC 62153-4-15, Metallic Communication Cable Test Methods - Part 4-15: Electromagnetic Compatibility
(EMC) - Test Method for Measuring Transfer Impedance and Screening Attenuation or Coupling Attenuation
with Triaxial Cell

IEC 60189-1, Low-Frequency Cables and Wires with PVC Insulation and PVC Sheath - Part 1: General Test
and Measuring Methods

IEC 60352-3, Solderless Connections - Part 3: Solderless Accessible Insulation Displacement Connections
- General Requirements, Test Methods and Practical Guidance

IEC 60352-4, Solderless Connections - Part 4: Solderless Non-accessible Insulation Displacement
Connections - General Requirements, Test Methods and Practical Guidance

IEC 60352-6, Solderless Connections - Part 6: Insulation Piercing Connections - General Requirements,
Test Methods and Practical Guidance

IEC 60603-7-2, Connectors for Electronic Equipment — Part 7-2: Detail Specification for 8-way, Unshielded,
Free and Fixed Connectors, for Data Transmissions with Frequencies up to 100 MHz

IEC 60603-7-3, Connectors for Electronic Equipment — Part 7-3: Detail Specification for 8-way, Shielded,
Free and Fixed Connectors, for Data Transmissions with Frequencies up to 100 MHz

IEC 61156-1, Muiticore and Symmetrical Pair/Quad Cables for Digital Communications — Part 1: Generic
Specification,

IEC 61156-11, Multicore and symmetrical pair/quad cables for digital communications - Part 11: Symmetrical
single pair cables with transmission characteristics up to 600 MHz - Horizontal floor wiring - Sectional
specification

IEC 61156-12, Multicore and symmetrical pair/quad cables for digital communications — Part 12:
Symmetrical single pair cables with transmission characteristics up to 600 MHz - work area wiring.

IEC 61156-13, Muliticore and symmetrical pair/quad cables for digital communications — Part 13:
Symmetrical single pair cables with transmission characteristics up to 20 MHz — Horizontal floor wiring -
Sectional specification

IEC 61156-14, Muiticore and symmetrical pair/quad cables for digital communications — Part 13:
Symmetrical single pair cables with transmission characteristics up to 20 MHz — flexible cables - Sectional
specification (TBD)

IEC 62153-4-3, Metallic Communication Cables Test Methods — Part 4-3: Electromagnetic Compatibility
(EMC) — Surface Transfer Impedance — Triaxial Method

IEC 63171 (draft) Connectors for Electrical and Electronic Equipment — Shielded or unshielded free and
fixed connectors for balanced single-pair data transmission with current carrying capacity; General
requirements and tests

ISO/IEC 11801-1, Information technology - Generic cabling for customer premises - Part 1: General
requirements

ISO/IEC TS 29125 Amd1 Information technology - Telecommunications cabling requirements for remote
powering of terminal equipment

TIA TSB-31-D, Telecommunications Telephone Terminal Equipment Rationale and Measurement
Guidelines for U.S. Network Protection

TIA TSB-184-A, Guidelines for Supporting Power Delivery over Balanced Twisted-Pair Cabling
UL 444, UL Standard for Safety Communications Cables
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