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http://www.itu.int/net/about/vision.aspx
http://www.itu.int/net/about/vision.aspx

The future of our wireless networks depends on the future of

our wireline networks
Setting the standard

P} 2020 vision

The future of standardization will be
driven by 3G, loT and Trust

@ WTSA-16 will provide members with a
standardization toolkit optimized to
assist government and industry in

achieving their ambitions for the year
2020 and beyond.
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ITU-T Working Structure
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15-a UccaemoBarenabckasa komuccuss MCH-T

CeTH, TeXHOJIOTMHM M MHPPACTPYKTYpa AJsA
TPAHCNOPTUPOBAHUSA, T0CTYIIA U KUJIUIL

15-9 UccnenoBarenbckas komuccusts MCO-T orBeuaer B MCDO-T 3a
pa3pabOTKy CTaHAApTOB IS  HMHOPACTPYKTYphl  ONTHYECKHX
TPAHCIIOPTHBIX CETEM, CETEM JOCTyIla, JOMAIIHUX CETEW M CETEH
SHEPrOCUCTEM OOIINEro MOJb30BaHMUS, CHUCTEM, OOOpPYyIOBaHMS,
ONTUYECKUX BOJIOKOH M KaOejel. DTO BKIIIOYAET CBSI3aHHBLIE C HUMHU
INPOKJIAAKy, TEXHUUECKOE OOCIyKMBAaHUE, YIPaBICHUE, HCIBITAHMS,
U3MEpHUTEIIbHOE O0OpYyIOBaHHME M METOAbl HM3MEPCHHUM, a TaKXKe
TEXHOJIOTHH TIJIOCKOCTH YIIPAaBICHUS, MO3BOISIOIINE OCYIIECCTBISATh
pPa3BUTHE B HAPABICHUM HHTEIICKTyaJIbHBIX TPAHCHOOPTHBIX CETEH,
BKJIFOUAS MOJECPKKY MPUIIOKEHUN "YMHBIX' JIEKTPOCETEN.
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MC3 BbinycTtun ot4yet "UamepeHue nHpopmaumMoHHOro
obwecTBa"” 3a 2018 ron

Measuring

the Information
Society Report
Volume 1

2013

ry

The State of Broadband:
Broadband catalyzing
sustainable development

BROADBAND COMMISSION (&) 170

Pacter uncno mwonei, MMEIOIMUX JTOCTYIl K UHTEPHETY M
MOJB3YIOMMUXCS UM. BMecTe ¢ Tem ajisi TOBCEMECTHOTO
COCJIMHEHHUS JIoieH TpeOyroTcsi 0oJjiee pa3BUThIC HABBIKU
BJIAJICHUS HKT, KaK OTMEYacTCs B OTYETE
MCD "HU3mepenne mHPOpMANIMOHHOIO o0uiecTBa' 3a
2018 rox. B To e BpeMs BO BCEM MHpPE B IOCIECIHEE
NECATUIIETUE 3HAYUTEIBHO CHU3WINCH pacueHku Ha MKT.
Pemaromyto posib B CO3IaHUM YCJIOBUM IS CHUKCHUS
IIEH  ChI'Paj0  YCOBEPIICHCTBOBAHHWE  IMPOIECCOB
peryJIMpoBaHus U pa3pad0TKu NoJuTUKU B oonactu KT,
Omarogapss KOTOpOMY ObLIO 0O0ECHEYeHO YaCTHUYHOE
pacnpeiesiecHue B II0Jb3Yy IMOTpeOuTeNIeil BBITOJ 3a CUeT
00yCJIOBJICHHOTO paciupeHueM ucnonab3oBanus MWMKT
MOBBIIICHUS YPHEKTUBHOCTH.

THE STATE OF BROADBAND 2018: BROADBAND

CATALYZING SUSTAINABLE DEVELOPI\/IEI\”
UKPTEAEKOM



https://www.itu.int/en/ITU-D/Statistics/Pages/publications/misr2018.aspx

ITU estimates that at the end of 2018, 51.2 per cent of the global
population, or 3.9 billion people, were using the Internet.

Global ICT developments, 2001-2018*
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Note: * Estimate
Source: ITU World Telecommunication /ICT Indicators database
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https://www.itu.int/en/ITU-D/Statistics/Documents/statistics/2018/Stat_page_all_charts_2018.xls
https://www.itu.int/en/ITU-D/Statistics/Documents/statistics/2018/Stat_page_all_charts_2018.xls

Fixed-broadband subscriptions by speed, by region

Chart 1.13: Fixed-broadband subscriptions by speed, by region, 20152017
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Table 1: Estimates of the Global Market: 2015, 2016, 20017, 2020 and 2021
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CAPACITY

10

Bandwidth and Traffic Speeds for PON

MULTI TECHNOLOGY ROLE
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A EVOLUTION OF ACCESS Ultrafast, Wave Il 802.11ac
L B 100 EPON - XOS-PON, NG- PON2
[ B G.fast
4th Gen Y DOCSIS3.1
V' Mobile Broadband, Al IP + 802.22n/ac Gigabit
{ B GPON and XG-PON1 Society
| | Vectored VDSL
3rd Gen ™Y DOCsIS 3.0
¥ Y Mobile Internet + MM3 + 802.11G Ultrafast Sub
o GFON 300Mbps
| | ADSL2+VDSL
2nd Gen ™Y DOCSIS 2.0
F'Y Digital Voice + Text 802.11b Superfast
b EPON 30Mbps A Wireless
| ¥ Broadband ADSL .
1st Gen L 1 DOCSIS 1.0 ® Fiber
B Copper
Analogue Mobile Voice Always On
3PON @ Coax
Analogue Dial-up
Analogue TV
1990s 2000s 2010s 2020s

International
Yelecommunication

Committed to connecting the world



Bandwidth (Gbps)

Bandwidth and Traffic Speeds for PON
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OupektnBa 2014/61/€C €Bponencbkoro NapnameHTty Ta Pagu Big 15
TpaBHA 2014 poKy npo 3axoau, cnpssMoBaHi Ha 3MeHLUeHHS BUTpaT Ha
pPO3ropTaHHA BUCOKOLIBUAKICHUX MepeXx eNeKTPOHHOro 3B’ A3Ky

BusHaroun BaXIJIMBICTh PO3TOPTAHHS BUCOKOIIBUIKICHOT IIUPOKOCMYTOBOT MEPEXKI,
AEPKaBU-YJICHU MIATPUMAIIA aMOITHI LTI I[0JI0 IIUPOKOCMYTOBOIO 3B’ SI3KY,
Bu3HaueH1 B [ToBigomaenn1 Komicii mia Ha3Bow “IudpoBuil mOpsa0K J€HHUN IS
€Bponu - €BponeichbKe 3pOCTaHHS 32 JOIIOMOTOK IU(MPOBUX TEXHOIOTIH”
(“LudpoBuil mopsa0K ACHHUI ), a came 3a0e3Me4YeHHS MocayraMu 0a30Boro
IIIMPOKOCMYTOBOTO 3B 3Ky BCiX rpoMajisiH €Bpornelicbkoro Coro3y 10 2013 poky, 1
3a0e3mneueHHs 10 2020 poky qoCTyny Al BCIX €BPOIICHIIIB 10 BUCOKOIIIBUIKICHOTO
Intepnery, nonan 30 M0Oit/c, a Takox OuIbII HIK 50% g0MOrocnoaapcTs

€Bporneiicbkoro Corwsy gocTynom a0 IHTepHeTy 31 MBUAKICTIO, 1110 nepeBuiirye 100
Moirt/c.
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Global Ranking at September 2018 — Mature markets

FTTH/B Penetration rates worldwide at September 2018

UAE .
(FTTH/B Subscriptions / Households)
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Global Ranking at September 2018 — Less than 30 %
penetration
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FTTH/B Ranking — European ranking
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General Ranking: FTTH/B Homes passed

Top 5 annual growth rates — Homes
passed (in %)
Data from Sept. 2017 to Sept. 2018

European ranking in terms of FTTH/B Homes passed over time (in million homes)
Data comparison between Sept. 2015 and Sept. 2018
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% Evolution

Top 15 Countries by FTTH/B Homes Passed in 2020 & 2025

European ranking in terms of FTTH/B Homes passed (in million homes)

2025 Forecasts
EUZ28 : ~166m FTTH H.P.
EU39 : ~263m FTTH H.P.
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Top 15 Countries by Household penetration

European ranking in terms of Household penetration
Subscriptions / Households (in %)

Swadan
Partugal
Spain
Ramania
Russia
Bulgaria
Netherdands
France
Kazakhstan
Turkey
Ukraine
Paland

taly

Unied Kingdom

Germany

2020 Forecasts

———. (1 1

I 50 6%
. 57, 0%

T ] ] 5

L ______________________________JFrELY

I 1 7
e 1,

IEEEESsss— 4%

I 5 0
EEess—— 1 5 %
I 15 5

— ] %

550
- 3 4%
(% 10%

0%

40°%

0%

Partugal
Spain
Sweden
United Kingdom
Romania
Metherlands
France
Russia
Bulgaria
Kazakhstan
Ukraine
Itahy

Poland
Turkey
Germany

% 10%

Source: IDATE for FTTH Councl EUROPE

2025 Forecasts

T — (], 3%

—— ] ],

1 ],

I — (], 7%

e 50, 0%

e .2, G0

e ] . 2%

I 5] [0

EEEEEEE—— 5
I 550
I 3.2
E— .G
I
— 40

% A% 40%  ED%

Penetration forecast
iin 2025

EUZB - 46 %
EUZ9 - 44.7%

g% TO% BD% O0% 100%

o IDATE Enlightsn your digital future!

& IDATE DigiWorld 2018 - p. 11

International
Yelecommunication

Committed to connecting the world



FTTH Architecture & Technology trends

FTTH/ FTTB architecture
Positive FTTH evolution : Fibre closer to end-users by 2025

FTTH/B at Sept. 2018 2020 Forecasts 2025 Forecasts

= FTTH « FTTB « FTTH =« FTTB «FTTH =FTTB

Sounce IDATE for FTTH Coundl ELROPE

o IDATE Enlighten your digital future! & IDATE DigiWorld 2018 —p. 12
( o
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Market Panorama & key findings

The number of fibre to the home (FTTH) and fibre to the building (FTTB) subscribers in
Europe increased by 15.7% in EU39 since September 2017 with more than 59.6 million FTTH/B
subscribers in September 2018. Although Russia is the leader in terms of FTTH/B subscribers in the

European region, it has showed a lower growth rate compared to other European countries which
are catching up quickly with a 21% growth.

The deployment of both FTTH and FTTB networks has increased significantly. By September 2018 it
is estimated that the coverage of FTTH/B reached 46,4% in the EU39 and 36,4% in EU28. This
shows a clear upward trend from September 2015 where the estimated coverage rate in the region
was 39% in the EU39 and 27,2% in the EU28.

It is interesting to note that fibre technologies have evolved the last years; by September 2018, we
observe a predominance of FTTH architecture over FTTB (56% vs 44%).

In the European region, alternative players are the most involved in FTTH/B expansion, with a
contribution of around 55% from the FTTH/B total players. We also see that governments and local
authorities are getting more involved in fibre projects, either directly, by signing agreements with
telecom players, or via public funds. It is also worth noting that incumbents in some countries have
started to modify their strategy in order to deploy FTTH solutions, instead of continuing the
development of legacy copper-based or cable-based networks.
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Market Panorama & key findings

The EU 39 includes Andorra, Austria, Belarus, Belgium, Bulgaria, Croatia,
Czechia, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Israel, Italy, Kazakhstan, Latvia, Lithuania, Luxembourg, Malta,
Macedonia, Netherlands, Norway, Poland, Portugal, Romania, Russia, Serbia,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine and United
Kingdom

The EU 28 includes Austria, Belgium, Bulgaria, Croatia, Cyprus, Czechia,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy,
Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden, United Kingdom

AR
{ AN
21 2| International
#
\ v

T

Committed to connecting the world



PI'-1. JlokyMeHTBI 10 KOTOPBIM JOCTUIJIH KOHCEHCYC

Pexomenaanist N=HoBa HasBa
=meperjsgHyTa
G.989.2 R 40-Gigabit-capable passive optical networks 2 (NG PON2): Physical media dependent
(PMD) layer specification
G.988 N ONU management and control interface (OMCI) specification: Amendment 1
Amdl
G.989.3 N 40-Gigabit-capable passive optical networks (NG PON2): Transmission Convergence (TC)
Amd2 layer specification: Amendment 2
G.993.2 R Very high speed digital subscriber line transceivers 2 (VDSL2)
G.993.5 R Self-FEXT cancellation (vectoring) for use with VDSL2 transceivers
G.994.1 R Handshake procedures for digital subscriber line transceivers
G.996.2 R Single-ended line testing for digital subscriber lines (DSL)
G.997.1 R Physical layer management for digital subscriber line transceivers
G.997.2 R Physical layer management for G.fast transceivers
G.998.2 R Ethernet-based multi-pair bonding
G.998.4 R Improved impulse noise protection for digital subscriber line (DSL) transceivers
22 (.999.1 R Interface between the link layer and the physical layer for digital subscriber line (D
transceivers UKPTEeAeKOM




PI'-1. lokyMeHTBI 110 KOTOPBIM A0CTUIJIM KOHCeHCYC (IIpoxoskenue)

G.9701 R Fast access to subscriber terminals (G.fast) - Physical layer specification
G.9807.2 N 10 Gigabit-capable symmetrical passive optical networks (XG(S)-PON): Reach
Amd1 extension: Amendment 1
G.9960 R Unified high-speed wire-line based home networking transceivers — System
architecture and physical layer specification

G.9961 R Unified high-speed wireline-based home networking transceivers — Data link
layer specification

G.9962 R Unified high-speed wireline-based home networking transceivers — Data link
layer specification

G.9963 R Unified high-speed wireline-based home networking transceivers — Multiple

input/multiple output specification
G.9979 R Implementation of the generic mechanism
in the IEEE 1905.1a-2014 Standard to include applicable ITU-T

Recommendations

G.9991 N High speed indoor visible light communication transceiver — System

architecture, physical layer and data link layer specification
G.9992 N Indoor optical camera communication transceivers — System architecture,
physical layer and data link layer specification
G.9978 R Secure admission in G.hn network
s 6.9803 N Radio over fiber systems |
(ex. G.RoF) UKPTeAeKOM




PI'-2. JIOKyMeHTBI 110 KOTOPBIM JJOCTHUTJIH KOHCEHCYC

Pexomennaniss | N=HoBa Ha3Ba
=mneper-
JSIHYTA
G.651.1 R Characteristics of a 50/125 um multimode graded index optical fibre cable for the
optical access network
G.698.2 R Amplified multichannel dense wavelength division multiplexing applications with
single channel optical interfaces
G.698.4 Cor.1 N Multichannel bi-directional DWDM applications with port agnostic single-channel
optical interfaces
G.672 R Characteristics of multi-degree reconfigurable optical add/drop multiplexers
L.163 N Criteria for optical fibre cable installation with minimal existing infrastructure
L.109 R Construction of optical/metallic hybrid cables
L.314 R Optical fibre identification for the maintenance of optical access networks
2 (T
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PI'-3. JIOKyMeHTBI 110 KOTOPBIM JJOCTHUTJIH KOHCEHCYC

Pexomenaani | N=nHoBa Ha3Ba
b R=neperyisinyra
G.8131 Amd.3 N Linear protection switching for MPLS transport profile
G.8011/Y.1307 R Ethernet service characteristics
G.8013/Y.1731 N Operation, administration and maintenance (OAM) functions and
Amd.1 mechanisms for Ethernet-based networks
G.8121/Y.1381 R Characteristics of MPLS-TP equipment functional blocks
G.8121.1/Y.138 R Characteristics of MPLS-TP equipment functional blocks supporting ITU-
1.1 T G.8113.1/Y.1372.1 OAM mechanisms
G.8121.2/Y.138 R Characteristics of MPLS-TP equipment functional blocks supporting ITU-
1.2 T G.8113.2/Y.1372.2 OAM mechanisms
G.709/Y.1331 N
(2016) Amd.3 Interfaces for the optical transport network (OTN): Amendment 3
G.709.1/Y.1331. N
1(2018) Amd.1 Flexible OTN short-reach interface - Amendment 1
G.709.3/Y.1331. N Flexible OTN long-reach interfaces — Amendment 1
3Amd.1
G.8023 (2018) N
Cor.1 Characteristics of equipment functional blocks supporting Ethernet

physical layer and FlexE interfaces - Corrigendum 1
UKPTeAeKOM




PI'-3. JlIokyMeHTBI 10 KOTOPBHIM A0cTUTJIN KOHCeHcyC (IIpoxoskenne)

G.8251 R The control of jitter and wander within the optical transport network (OTN)
G.8260 (2015) Amd.2 | N Definitions and terminology for synchronization in packet networks: Amendment 2
G.8262 R Timing characteristics of synchronous equipment slave clock
(G.8262.1/Y.1362.1 N Timing characteristics of enhanced synchronous equipment slave clock
G.8271 Amd 2 N Time and phase synchronization aspects of telecommunication networks - Amendment 2
G.8271.2 Amd.2 N Network limits for time synchronization in packet networks with partial timing support
from the network - Amendment 2
G.8272 R Timing characteristics of primary reference time clocks
G.8273.2/Y.1368.2 N Timing characteristics of telecom boundary clocks and telecom time slave clocks -
Amd.2 Amendment 2
G.8273.3/Y.1368.3 N Timing characteristics of telecom transparent clocks - Amendment 1
Amd.1
G.8275/Y.1369 Amd.1 | N | Architecture and requirements for packet-based time and phase distribution Amendment 1
G.875 R [Optical transport network: Protocol-neutral management information model for the network
element view
G.8052/Y.1346 R [Protocol-neutral management information model for the Ethernet Transport capable
network element
G.8151/Y.1374 R | Management aspects of the MPLS-TP network element
G.8152/Y.1375 R | Protocol-neutral management information model for the MPLS-TP network element
G.5¢21 N [ Management Requirement and Information Model for Synchronization

UKDTEAEKOM




Home networking

Recommendation ITU-T G.9960. Unified high-speed wire-line based home networking transceivers - System
architecture and physical layer specification

Summary

Recommendation ITU-T G.9960 belongs to the family of ITU-T G.996x Recommendations. Recommendation ITU-T
G.9960 specifies the system architecture and physical (PHY) layer for wireline-based home networking transceivers, which
are capable of operating over premises' wiring, including inside telephone wiring, coaxial cable, and power-line wiring.

Recommendation ITU-T G.9991. High speed indoor visible light communication transceiver — System architecture,
physical layer and data link layer specification

Summary

Recommendation ITU-T G.9991 specifies the system architecture, physical (PHY) layer and data link layer (DLL) for
high-speed indoor optical wireless communication transceiver using visible light

Recommendation ITU-T G.9992 Indoor optical camera communication transceiver — System architecture, physical
layer and data link layer specification

Summary

Recommendation ITU-T G.9992 specifies the system architecture, physical (PHY) layer and data link layer (DLL) for
indoor optical camera communication transceiver.

. =
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| Setting the standard

0 ITU-T continues to provide leadership
95 /0 in the standardization of networks,

technologies and infrastructures for
International traffic carried transport and access.

over fibre networks built
using
ITU standards
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Cebit 2014: Die Datenkrake zihmen

e

‘)

Bundeskanzlerin Angela Merkel (CDU) und der britische Premierminister David Cameron (1) lassen sich
am Stand der Telekom Glasfasem eridaren.
Foto: dpa
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ITU-T G.65x-series Recommendations

Multimode Single-mode
Test methods
[ITU-T G.650.1] [ITU-T G.650.2] [ITU-T G.650.3]
Limear & determnistic Statistical & nonlinear . _—
. . . _ Installed link
attributes related attributes

__________________________

Fibre & cable characteristics

[ITU-T [ITU-T [ITU-T [ITU-T [ITU-T [ITU-T [ITU-T
G.651.1] : (G.652] G.653] (G.654] G.655] (G.656] G.657]
50/125 pm i L ., . Non-zero Non-zero Bending
multimode 5 Smgle- D1f11)§;51-i)11- (_:,lu.tgﬂl- dispersion- || dispersion- loss
graded .| mode fibre } ;,ﬁ < ? 1}.15 " shifted shifted insensitive
mdex fibre : e re fibre fibre fibre

'
R L L E L L L E E E  E I L L I I e

Supplemerits

[ITU-T G-Sup.47]

General aspects of fibre & cable

[ITU-T G-Sup.40]

Fibre & cable standards guideline

[ITU-T G-Sup.59]
Guidance on optical fibre & cable reliability

--------------
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Renumbering for new technical classification of ITU-T L-series Recommendations

Technical area

Assigned Questions

Sub-category Q7/15 Q8/15 Q16/15 Q17/15
Optical fibre cables Cable structure and L.10, L.26, L.43, L.58, L.59,
characteristics (L.100 —L.124) L.60, L.67, L.78, L.79, L.87,
L.100 - L.199 L.110
Cable evaluation (L.125 —L..149) L.14, L.27
Guidance and installation L.34, L.35, L.38, L.46, L.48,
technique (L.150 — L.199) L.49, L.56, L.57, L.61, L.77,
L.82,L.83, L.162
Optical infrastructures Infrastructure including node L.11, L.13, L.44, L.50, L.51,
element (except cables) (L.200 — L.70, L.206, L.207
L.200 — L.299 L.249)
General aspects and network L.17,L.39, L.45, L.47, L.62,
design (L.250 — L.299) L.63, L.72, L.73, L.84, L.86,
L.89, L.90, L.94
Maintenance and Optical fibre cable maintenance L.25, L.40, L.41, L.53,
operation (L.300 — L.329) L.66, L.68, L.85, L.93,
L.315
L.300 - L.399 Infrastructure maintenance L.74,L.88
(L.330 — L.349)
Operation support and L.64, L.69, L.80
infrastructure management
(L.350 - L.379)
Disaster management (L.380 — L.81, L.92, L.392
L.399)
Passive optical devices L.12, .31, L.36,
L.37, L.404

L.400 — L.429

Marddized terrestrial cables

L.430 — L.449

L.28, L.29, L.30, L.54,
L.55

grpTeAeI{om
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L.100:
L.101:
L.102:
L.103:
L.104:
L.105:
L.106:
L.107:
L.108:

Optical fibre cable structures

Optical fibre cables for duct and tunnel application

Optical fibre cables for buried application

Optical fibre cables for aerial application

Optical fibre cables for indoor applications

Small count optical fibre cables for indoor applications
Optical fibre cables for drop applications

Optical fibre cables: Special needs for access network
Optical fibre cable construction for sewer duct applications

Optical fibre cable elements for microduct blowing-installation

application

L.109:
L.110:

Construction of optical/metallic hybrid cables

Optical fibre cables for direct surface application

G.978: Characteristics of optical fibre submarine cables

Committed to connecting the world



Construction and installation practices

The following ITU-T Recommendations are related to construction and installation practices.

Recommendation ITU-T L.152/L.38, Use of trenchless techniques for the construction of
underground infrastructures for telecommunication cable installation.

Recommendation ITU-T L.153/L.48, Mini-trench installation technique.

Recommendation ITU-T L.154/L.49, Micro-trench installation technigue.

Recommendation ITU-T L.250/L.90, Optical access network topologies for broadband services.
Recommendation ITU-T L.158/L.56, Installation of optical fibre cables along railways.
Recommendation ITU-T L.156, Air-assisted installation of optical fibre cables.
Recommendation ITU-T L.157/L.61, Optical fibre cable installation by floating technique.
Recommendation ITU-T L.258/L.63, Safety procedures for outdoor installations.
Recommendation ITU-T L.159/L.77, Installation of optical fibre cables inside sewer ducts.

Recommendation ITU-T L.108, Optical fibre cable elements for microduct blowing-installation
application.

Recommendation ITU-T L.155, Low impact trenching technique for FTTx networks.
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Detailed reference point-to-point network

POP/ manhole/ ONT/ONU/ User
OLT cabinet BEP FD OTO CPE equipment
Feeder cabling  Drop cabling In-house cabling Equipment Home cabling

R g

BEP Building Entry Point
FD Floor Distributor
OTO Optical Telecommunications Outlet

\ International
Telecommunication
Union
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Status of single-mode optical fibre specifications in ITU-T

and IEC

Optical fibre specification

ITU-T

IEC

Fibre category

Recommendation

Fibre category

Document

[IEC 60793-2-50]

Single-mode optical fibre [ITU-T G.652] B-652(ex.B1.1/
ex.B1.3) single-mode
fibre

Dispersion-shifted single-mode [ITU-T G.653] B-653 (ex. B2) single-

optical fibre mode fibre

Cut-off shifted single-mode [ITU-T G.654] B-654 (ex. B1.2) single-

optical fibre mode fibre

Non-zero dispersion shifted [ITU-T G.655] B-655 (ex. B4) single-

single-mode optical fibre mode fibre

Non-zero dispersion shifted [ITU-T G.656] B-656 (ex. B5) single-

single-mode optical fibre for mode fibre

wideband optical transport

Bending loss insensitive [ITU-T G.657] B-657 (ex. B6) single-

single-mode optical fibre

mode fibre

NOTE — New fibre designations, e.g. “B-652"", have been agreed at 2016 IEC SC86A meeting.
Designation found in bracket “(ex. Bx.x)”’ corresponds to the description found in [IEC 60793-2-50]

published in 2015 or before.

35
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Status of multimode optical fibre specifications in ITU-T, IEC and

ISO/IEC
Attribute ITU-T ISO/IEC 11801-1
ITU-T _ G.651.1 |[OM1 OM2 OM3 OoM4 OM5
Recommendation and
ISO/IEC designation
Core diameter (mm) 50 62.5 50 50 50 50
ITU-T fibre type cross- G.651.1

reference

ll‘(lezf(é:rgr?ég type cross- Al-OM2 |Al-OM1 Al1-OM?2 Al1-OM3 | A1l-OM4 | A1-OM5S

[IEC 60793-2-10]

Minjmum 850 nm | 500 200 500 1500  [3500  |3500
bandwidth-
ondit for | 1300 nm | 500 500 500 500 500 500
pfed
(MHz-km)
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HoBble HANIpaBJICHUA CTAHAAPTU3ANMHA

Draft new Recommendation I'TU-T L.osp

Optical fibre cables for general outdoor application in buried, duct, and
lashed/connected aerial cable plant
Recommendation ITU-T L.osp coordinates with the cable ITU-T
Recommendations L..100, L..101, and L..102. It defines a cable, which may be used
in all of the application spaces of these Recommendations—general buried plant,
underground plant in ducts, and aerial plant where the cable is lashed or connected
to a messenger wire.

Draft new Recommendation I'TU-T L.fdb

Requirements for passive optical nodes:
Fibre distribution boxes

Recommendation ITU-T L.fdb refers to fibre distribution boxes (FDB) deployed as
passive optical nodes in indoor or outdoor environments. It deals with the box
housing, fibre management system, cable attachment and termination system, and
specifies the mechanical and environmental characteristics as well.

Draft new Recommendation I'TU-T L.oha

Optical fibre cables for in-home applications

This Recommendation aims to provide the requirements of optical fibre cables for
in-home applications. Compared to requirements of optical fibre cables in tradition:
“indoor” applications, the requirements of cables in “in-home” applications have
their own specialized characteristics. This new recommendation describes
characteristics, cable construction and test methods of optical fibres and cables for
in-home applications. o
FRUY) remniiicanen
S
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Proposed final organization of outdoor cable

Recommendations
Application spaces (system approach)

Outdoor (Duct, buried, aerial) Indoor Drop
[L.osp] [L.103] [L.105]

T S (0 N N

|
1
1
1
1
: Common cable attributes 0’
Duct :
Buried \ « all inclusive manner T
Lashed aerial | * More specific as regards crifical attributes .
:
1
1
1
1
1
1
1
1

[60794-3-10]*

|
1
Self-supporting :
[60794-3-20]* |
1
:
|

butes for releviant spaces
1

Cable construction (product approach)

e - - ———

o

=

L4]

a.

=
'l-———n—————

oo
R T

___________________________

e o o m m m m mm Em e m mm mm mm mm mm mm mm mm m m mm mm m m m m
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Advantages:

Firstly, create general Rec. L.ocgen a) Structural and systematic organization.

(

\ — Common information (environmental conditions,

General Recommendation for outdoor (L.ocgen) o o S ¥ g i
® General principles and definitions\ cable characteristics\ elements unified in the general Rec. No need to be repeated
of cable constructions again and again;
® Common environmental conditions cables may be used in; —The specific Recs. can get harmonized with each
® General test scheme and cross references of test methods; other easily;
K ® Other general issues. / —New Recs. are easy to be developed by following

L.ocgen;

A N _ /£ N 7 N .

: Y Takes all lopi ibl
Separate Recommendations for specific applications | 2! T2kes all current, under developing and possible

future outdoor Recs into consideration;

— Reuvisions of current Recs. can be done step by
step when necessary, without disturbing each other;

® Specific cable characteristics / cable constructions for the applications;
® Detailed technical specifications (test parameters and performance

specifications according to applications); — New Recs. can be created freely for new cable
® Annexes and appendixes (normative contents specially used in the applications and structures, instead of opening the
Rec., and informative experiences shared by countries and only Rec. to add Annexes;
companies); c) Easier and more flexible for maintenances and
® other specific issues. expansions (ITU-T Recs are free for users, number is
---------------------------------------------------- - -+ not a key problem);
L.100 L.101 L.102 L.107 L.108, L.110, d) Appendixes in current Recs contributed by various

Duct, Buried Aerial Sewer L.osp countneg ;nd comdpanleshc_:an be dlrectly.kept in
tunnel duct separated Recs, and new things and experiences are

------------ easy to be added.

Then, revise the existing Recs. flexibly when necessary.  Disadvantage: Longer procedure of the overall re-
organization. (Longer, but stable)

o
{ o
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40

Proposed “general Rec.- Specific Recs.” structure of
organizing outdoor cable Recommendations

. with Annex

/ L.ocgen (outdoor cable general)

general principles and definitions;
general cable characteristics;
general elements of cable constructions;

common environmental conditions cable may be used in;
general test scheme and cross references of test methods:

K other general issues.

blank detailed specification templates for outdoor cables;

/

<. N NN A N .

Cable Recommendations for specific applications

specific cable characteristics for the applications (select from L.ogen based on application and give specific and

additional contents) ;

specific cable constructions for the applications (select from L.ogen and give specific and additional contents) ;
technical specifications (give test parameters and performance limits according to application and baes on environmental
conditions, test methods and blank detailed specifications given in L.ogen, along with specific items);
Annex and appendix (normative contents specially used in the Rec., and informative experiences shared by countries and

companies) ;
other specific issues.

L.100 L.101 L.102 L.osp

duct, tunnel buried aerial

gen'l outdr

hET for 1625NM

L.108, L.110,

’\

\ International
FRL) e loation
; & Union
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3ajgep:KKa CHTHAJIOB B CBETOBOAAX 1A ceTer 5G

B pamkax DUCKyCCUU IO BHEAPEHUIO HOBBIX ONTUYECKUX TEXHOJIOTUU Ha
TEJICKOMMYHUKAIIUOHHBIX CETAX, OBLIO MOAYESPKHYTO, YTO Pa3BEPThIBAHUE
cereit 4G u 5G BrI3BIBAET HEOOXOIMMOCTH HCHOJB30BAHUA OOJILIIIOTO
KOJIMYECTBAa HOBBIX BOJOKOHHBIX cBeToBOJOB M OK. IlosBusercs
HEO00X0IUMOCTh MpokJIaaku OK HenocpeacTBEeHHO K 0a30BbIM CTaHIIUAM
cucteM MOOMIBbHOM CBsi3u. [losTOMy 1enecooOpa3HO MCCIEA0BAThH
BJIMSIHUE CBETOBOJIOB Ha 3aJ€PKKYy CUTHAJIOB B TaKHUX CETIX, 0COOCHHO
Ipyd HM3MEHEHHUSIX TEMIEparypbl OKpyskarolen cpeapl. Ha 3acegaHusix
skcrepToB 1o Bompocy 5 (Q.5) ObuI0 oTMEUeHO, YTO 3aJepiKKa B
Pa3IMYHBIX THUIIAX OJHOMOJOBBIX BOJIOKOH OymeT MeHbmie 0,5 nc / km / K,
Ja)K€ €CJIM Mbl OyJAeM CUMTAarb OTHOCHUTEIBbHYIO Pa3HUIy B HHJACKCE
nokazarens npeiaomieHus 0,3 - 1,5 %. Q.5 mpumen K BBIBOAY, YTO
BJIMSHHUE THMIIA BOJOKOH Ha 3aJepXKy (JIaTEHTHOCTb) OyneT
HE3HAYUTEIIbHBIM.

41
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New Supplements to ITU-T G-series Recommendations

Supplement 41 Design guidelines for optical fibre submarine cable systems

Supplement 41 to ITU-T G-series Recommendations describes design considerations for
repeatered, repeaterless and optically amplified systems supporting SDH and OTN signals in
optical submarine cable systems.

Supplement 58 Optical transport network module framer interfaces

Supplement 58 to ITU-T G-series Recommendations describes several interoperable component-
to-component multilane interfaces (across different vendors) to connect an optical module (with

or without digital signal processor (DSP)) to a framer device in a vendor's equipment supporting

40G, 100G or beyond 100G optical transport network (OTN) interfaces.

Supplement 59 Guidance on optical fibre and cable reliability

Supplement 59 to ITU-T G-series Recommendations provides guidance regarding the long term
reliability of cabled optical fibres. This Supplement uses currently accepted models combined
with current experience to describe items that can impact the performance of an optical fibre
over time. The document describes "optical reliability" for fibres, "mechanical reliability" for
fibres and describes how optical cables impact these properties.

o
‘Inl.vnn|lnn-l
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Supplement 59 to ITU-T G-series Recommendations
Guidance on optical fibre and cable reliability

Optical cables were first deployed commercially in 1977. Thus, our knowledge of
their performance in the field is less than 40 years and much information provided
In this Supplement is speculative, although today significant spontaneous fibre
breakage in these old fibres is not known. Detailed analysis of attenuation
characteristics and mechanical attributes for cabled fibre that have been installed
for 25 years indicate that the optical properties are very stable over time. With this
background we can use our accumulated field knowledge combined with
accelerated aging to estimate the reliability of optical cables.

Reliability falls into two major categories:

—  Mechanical reliability (will the fibre break over the cable lifetime)

—  Optical reliability (will optical transmission be maintained over the cable
lifetime)

It is hard to separate optical fibre reliability from optical cable reliability as the two
are intimately related, but in this Supplement we will focus primarily on the fibre
attributes and how they relate to cabled optical fibre.

T Xa
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-L_.404 Field mountable single-mode optical fibre connectors

L_.206 Requirements for Passive Optical Nodes: Outdoor Optical Cross-Connect
Cabinet

L_.108 (ex L.79) Optical fibre cable elements for microduct blowing-installation
application

L_.156 (ex L.57) Air-assisted installation of optical fibre cable

«L_.110 Optical Fibre Cables for Direct Surface Application

L_.163 Criteria for optical fibre cable installation with minimal existing infrastructure
L_.109 (L.60) Construction of optical/metallic hybrid cables

L_.207 (ex L.pneid) Passive node elements with automated ID tag detection

L_.314 Optical fibre identification for the maintenance of optical access networks
L_.315 (ex L.wdc) Water detection in undergoptical monitoring systemround closures
for the maintenance of optical fibre cable networks with optical monitoring system
*G.650.3 Test methods for installed single-mode optical fibre cable links

*G.651.1 Characteristics of a 50/125 pm multimode graded index optical fibre cable for
the optical access network

” f'lv
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”‘l vvvvvvvvvvvv al
44 ‘l I U Yelecommunication
\‘\\ Union

Committed to connecting the world




Outdoor Optical Cross-Connect Cabinet

Storage modules

(Winding wheels)

Direct splice

Cable attachment
and termination
system

Cabinet
housing
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Outside plant and related indoor installation
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HoBble pekoMeHaanumu cepuu L

Backfilling Pipes laying Suction Trenching
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L.108 Optical fibre cable elements for microduct blowing-
Installation application

Thin wall tubing

Fibre

Filling compound or dry filling
solution

blowing tool

microduct cable or microduct fibre umt 500m-mircoduct
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L.108 Optical fibre cable elements for microduct blowing-
Installation application

Microduct cable

Microduct cables, often called microcables, may consist of fibres, groupings of
fibres, strength members, water blocking materials, sheaths and other appropriate
materials. Microduct cable construction and performance is described by [IEC
60794-5-10].

Microduct cables typically have fibre counts ranging from 4 to 288 or more, with a
typical outside diameter of 1.5 mm to 10.0 mm or even larger diameters. The units
within may consist of single fibres, fibre groupings such as tubes, micromodules or
ribbons.

Microduct fibre unit

These units differ from microduct optical fibre cables in that they provide less
protection to the fibres that they contain. Microduct fibre unit construction and
performance is described by [IEC 60794-5-20].

Microducts

The microducts should be able to resist the pressure differences needed during
installation with a blowing technique. They should be circular and uniform in cross-
section throughout their length and the inner surface should have a low friction
coefficient either by the material used (silicone, etc.) or having profiled ribbing. The
inner and outer diameters should be specified.

In all cases, it should be possible to identify each individual microduct throughout
its length. Colour coding or marking are common methods for identification.

Microducts can also be put into the interstices of ducts containing other cables.
51 ‘\_"‘.:




L..110 Optical Fibre Cables for Direct Surface Application

Opt. Fibe Tension

Jelli member Opt. Fiber
Stainless Jelli Jelli'
Pipe Fiber Stainles
Sheath(P Rip Code e Pipe .
Armor Stainless Sheath({PE)
Sheath(P Pipe
Sheath(PE)
11 mm 3.5mm
180-200 kg/km 20 kg/km

Polyethylene Jacket, ®3.6 mm

13 \ Steel Armor Stainless-Steel Pipe

= X
\
Optical Fibers

.f'-—

Bend radius
£ —— :

Min. 11cm Ball point pen

for size comparison

52

ey Union

International
Yelecommunication

Committed to connecting the world



Optical Fibre Cables for Direct Surface Application

Polyethylene Jacket

Waterblocking Tape

Central Core Tube
Polymeric
Wire Strength Member

Cornuzated Coated Steel
of

Ripeord Stainless Steel

Fibre mdle, Eibbon core, ete.

International
Yelecommunication
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Recommendation ITU-T L.163 Criteria for optical fibre cable

Installation with minimal existing infrastructure

Recommendation ITU-T L.163 describes criteria for the installation of optical fibre cables defined in
[ITU-T L.110] in remote areas with lack of usual infrastructure for installation including the procedures
of cable-route planning, cable selection, cable-installation scheme selection, cable tension and
temperature consideration, and the handling, bend protection and river/lake closing of the cable together
with pilot tests and training for installation.

This Recommendation also describes how to mitigate the considerable risks and/or issues to which the
optical fibre cable may be exposed when infrastructures are minimal during installation, maintenance and
operation procedures.

Against

Woodpeckers

Rabbits Crows, Rats,
Raccoon dogs

Shotgun slugs ot

Crows, Rats,
Raccoon dogs

Woodpeckers,
Flying squirrels =
shotgun slug ( SR

International
"\l u Yelecommunication
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L..109 Construction of optical/metallic hybrid cables

Symmetrical pair

Fowerunit
Filler

Central strength
member

stripping

Cptical fibre Wrapping
Lnit
Aluminum tape

lacket Quter sheath

(if needed)

Sub-unit

Copperunit

(im0 Jacket of sub-unit
o @x@)
Optical fibre @) Qutersheath
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G.651.1 Characteristics of a 50/125 pm multimode graded index optical fibre
cable for the optical access network

Fibre attributes
Attribute Detail Value Unit
Cladding diameter Nominal 125 pm
Tolerance +1 pm
Core diameter Nominal 50 pm
Tolerance +25 pm
Core-cladding concentricity error Maximum pm
Core non-circularity Maximum 6 %
Cladding non-circularity Maximum 2 %
Numerical aperture Nominal 0.20
Tolerance +0.015
Macrobend loss Radius 15 mm
Number of turns 2
Maximum at 850 nm 1.0 dB
(Notes 1 and 2) Maximum at 1300 nm 1.0 dB
Proof stress Minimum 0.69 GPa
Modal bandwidth-length product for overfilled Minimum at 850 nm 500 MHz - km
launch Minimum at 1300 nm 500 MHz - km
Chromatic dispersion coefficient Nomin 1295 nm
Momax 1340 nm
Somax fOr
1295 < 3y < 1310 nm <0.105 ps/inm? x km
Somax fOr
(Note 3) 1310 <20 < 1340 nm <375 x (1590 — A) x 106 ps/nm? - km
Cable attributes
57 Attribute Detail Value S
Attenuation coefficient Maximum at 850 nm 35 (T U‘ e S
Maximum at 1300 nm 1.0 A . 4
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L.207 Passive node elements with automated ID tag

detection
Scope

This Recommendation addresses the general features, characterization and
performance requirements for passive node elements with ID tag detection which
supports automatic information collection on fibre connectivity. This
Recommendation focuses on both indoor and outside plant deployment conditions
and includes the following:

- Functional requirements
- Automated ID tag detection performance requirements

- Mechanical and electrical/optical interface requirements

B pesynbrare ctpemutensHoro pocra FTTX miaBHbIME 3a/1a4aMu JJIsl OTIEPATOPOB CETEH AIEKTPOCBSI3U CTAIH
orepaTuBHOE pa3BepThiBaHUE U IP(HEKTUBHOE TEXHHUYECKOE 00CITYy)KMBAaHUE HOBOM IMTACCUBHOM BOJIOKOHHO-ONTHUYECKOMN
KaOeJbHOM ceTH (TO eCcTh ONTUYECKOM pactpenenuTenabHoit cetu, ODN). [T1o6anbHas oTpacib CBsI3U pa3padaThiBacT
AJIEMEHTHI TACCUBHBIX Y3JIOB C aBTOMAaTHYECKUM OOHAPY)KEHUEM HICHTH(DUKAIIMOHHOM METKH, YTOOBI CACIaTh
BO3MOYKHBIM aBTOMAaTHYECKHUI cOOp MHPOPMAITUU O BOJJOKOHHO-ONTHYECKOM ITOIKIIFOUCHHH JIJIs1 0OecIiedeHus 0oee
3¢ PeKTUBHON TPOKIAIKH, SKCILTyaTallud U TEXHUUYECKOTO 00CTYKUBAHUS BOJIOKOHHO-ONITHYECKUX CETEH.

B Pexomengannu MCO-T L.207 ocHOBHOE BHUMaHHKE YEJICHO acleKTaM annapaTHOW YacTH 3TOTO TUIIA 3JIEMEHTOB
MIACCUBHBIX Y3JIOB U ONMUCAHUIO OOITUX (PYHKIIUH, TApaMeTPOB U crielrpUKAIIIN IKCILTyaTallAOHHBIX XapaKTePUCTHK
AJIEMEHTOB y3JI0B C aBTOMaTHYCCKUM OOHAPYKEHUEM HICHTU(OHUKAIIMOHHOW METKH, BKJIFOUAsl YCIIOBHS OKPY KaroIIei
cpenbl, PyHKIIMOHAIbHBIE TPEOOBAHUS, HKCILTyaTallMOHHBIE TPEOOBAHUS, a TAKKE TPEOOBAHUS K MEXaHUYECKUM U
AMEKTPUUCCKUM/ONITUIYECKUM HHTepdercaM.

58 f%& : i.‘;\

International
TYelecommunication
Union

T~

Committed to connecting the world




Recommendation ITU-T L.314 Optical fibre identification for
the maintenance of optical access networks

Summary

Recommendation ITU-T L.314 deals with important considerations with respect to the
requirements for an optical fibre identification technique used for construction and
maintenance work in optical access networks by detection of leaky light waves.

Central Office Customers’ Premises
y 4

s - Communication light
= = nuuun P |dentification light

Optical Fibre
|dentifier
] ] _ _ _ o _ Incident _
Configuration for optical fibre identification light I l 2?;063'
59 Leaked light
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L.315 Water detection in underground closures/cabinets for
the maintenance of optical fibre cable networks

AN
=
=
é i1) RL type
> ]
]

1) IL type
—
OTDR function
Monitoring and testing system Water sensors
[ITTU-T L.302/L..40] < S

Minimum installation distance

Fibre
i / \‘\_\- —
e il
- o

Bending guide

- =
- it
Bending gude

i Water abzorbent
Water abzorbent
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GSTR-TNSG

Transport network architecture

RRY DU o cwéﬂc - = .

?P
:
o

Fronthaul H ﬁ'

N1
CuU Central Unit
DU Distributed Unit
RRU Remote Radio Unit
Midhaul midhaul is the network between DU and CU (F interface)
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- What should you be looking for?

Mobile

backhaul I—Active equipment LOW power

~Antenna
(BRRH

SFP
%unction box

Dirty connectors

N

Fiber cut ﬁ)

Macrobend
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Draft New Recommendation ITU-T L.oha «Optical fibre cables for in-hom6g’o

applicationsy» chin

This Recommendatlon aims to prowde the requwements of optlcal flbre cables for i |n home appllmmnﬁpgmd
‘ ‘ “indoor APy ' s-of-eablés inin: e’ >—

appllcatlons have thelr own spec:|aI|zed characterlstlcs ThIS new recommendatlon descrlbes characteristics, cable

construction and test methods of optical fibres and cables for in-home applications.

Application Case |

® project in China
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new Recommendation “Optical fibre cables for in-home directly wall surf
applications” china e’
Application Case Il unicomhE S

4 A - B E R —

project in China
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HoBble TUnNbI Kadenewu

Spider Web Ribbon & Wrapping Tube Cables

Mbl obbeguHnKn nyywes or kabened co ceoboaHOW YHNAAEOH M C NEHTOYHBIM
BOMOKHOM W A00aBMNKM EULE NPUBNEHATENbHbIX XaPAHTEPHUCTHE.

Kabenb co cBoboaHOH NEHTOUHBIE KaBem Kabenk Cc nayTwHoobpasHol
YHN3 OKOoH NEeHTOH

CeofogHbIe 0OWHOYHBIE BonokHa B nedTe NayTuHoobpazHoe BONOKHD
BONOKHA

Jlerko cBepHYTh

W

CnoxHan [NpocTan MHOroBoNoKoOHHEA MpocTan MHOroBoNoKoHHAA
MHOMOBONOKOHHEA CBapKa cEapka ceapka

Henw3am cBEpHYTH Nerko cBEpHYTE

JanonHeH rmgpogobonm JanonHeH rmgpogobom ADCOMKTHO CyXon
65
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SpiderWeb Ribbon Design and Functionality

Intermittent Bonds
Between Fibers

12-Fiber Optional Striping on Ribbon for
Individual Fiber Identification

R — SpiderWeb Ribbon

Intermittent Bonds Allow for
Flexibility and Bunching|
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Buffer Tube High Density Cable: Traditional versus New

New 200um Micro Cable
versus Traditional Loose Tube

T

Conventional
144.F
Loose Tube

* Construction

v’ Glass remains the same (125 microns)

v’ Telcordia GR-20 and IEC 60794-5-10 compliant

v’ Dry-blocked core made up of six buffer tubes
SZ-stranded around central strength member

v’ Kink-resistant gel-filled buffer tubes contain
multiple 12-fiber sets of color-coded fibers.

v’ Fibers are arranged in 12-fiber sets with each
being identified by dual color-coded binder
threads

288-F with 200pm SM
8.0mm (0.D.) in
10 mm (L1.D.) micro-duct 4
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