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ITU Structure

Oldest UN specialized agency (founded in
1865)




World Telecommunication Standardization Assembly - 16

The World Telecommunication Standardization
Assembly is held every four years and defines the next
period of study for ITU-T. WTSA-16 was held 1n
Yasmine Hammamet, Tunisia, from 25 October to 3

November 2016 preceded by the Global Standards
Symposium on 24 October 2016




Countries

193
+700
+120

ICT players
Academia

ITU Setting the standard

Membership type
W Sector member
B Associate

B Academia

X
International
~ Yelecommunication
. Union
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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.

International
Yelecommunication

Committed to connecting the world



@ Setting the standard

Smart 5G networks

Enhanced Mobile
broadband

Smart home building

Mission critical applcation

Self-driving car

Massive machine
type comms

Ultra reliable and
low latency comms

B IMT-2020 M IMT-Advanced
Peak datz rate User experienced
(Ghitsfs 20 Ciata rate (Mbit's)

100

Brea traffic

Capacity (Mbit'sml
— Spectrum

efficiency

10
3x

1 :
0x .
- Mobiity (k/mh)
MNetwork
Energy efficiency 10z
10
Connection density Latency {ms)
[devices/km2
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Union

Committed to connecting the world



| Setting the standard

O ITU-T continues to provide leadership in
O the standardization of networks,
technologies and infrastructures for
International traffic carried
over fibre networks built transport and aCCCsSs.
using

ITU standards




NUHTEPEC K BOJIC BO3PACTAET HA BCEX YPOBHAX

Cebit 2014: Die Datenkrake zihmen

N \
\/
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\

Bundeskanzlerin Angela Merkel (CDU) und der britische Premierminister David Cameron (1) assen sich
am Stand der Telekom Glasfasem eridaren.
Foto: dpa
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"U3smepenne unpopManuoHHOro odimecrsa'" (usapanue 3a 2016 ron)

Nuanekc paszsutus MKT (IDI) — 3To cocTaBHOM WHJAEKC, BKJIIOYAKOIIMKA B CEOs
OJIMHHA/ILIATh MOKAa3aTeIed, COCTABISIIOIINX OJHO KOHTPOJBHOE 3HAYEHHUE, KOTOPOE
MOXXET MCIIOJIb30BaThCA [JII MOHUTOPUHIA W CpPAaBHEHUA HW3MEHEHHH B 00JIaCTH
MH(pOPMAIMOHHO-KOMMYHUKAIIMOHHBIX TexHoaoru (MMKT) B pa3anuHbIX CTpaHax.

Pesynbrarhl aHain3a IOKa3bIBaroOT, 4To 3a nepuoxa ¢ 2010 mo 2016 roasr Bce 167

DKOHOMMUK, BKIHOUEHHBIX B IDI, ynydmim ceou nokasarenu mno IDI.
Pernon CHI' 5KOHOMHYECKH OTHOCHUTEIILHO HEOAHOPOJICH. JlecATh CTpaH peruoHa
MPEAOCTABIAOT AaHHble i IDI, HCKkmoueHHAMM SABISIOTCS TaKUKUCTAaH W
Typkmenncran. Yetrelpe cTpanbl peruona (benapycb, MoimmoBa, Poccuiickas
denepanyss U YKpanHa) OTHOCATCS K KaTE€rOpMHU PA3BUTHIX CTPaH, a OCTAJIbHBIC
CTPAaHBI OTHOCATCA K Pa3BUBAIOLIUMCS CTPAHAM.

JIBe ctpansl peruona (benapychk u Poccuiickas ®enepanusi) 3aHUMAIOT BBICOKHE
no3uinu B peutunre IDI 2016, B TO Bpems Kak OCTaBIIAsICS 4acCTh IIPEIACTABICHA B
IBYX CPEIHUX KBapTUIAX peUTUHra. Bce, kpome nOByX, UMEOT ypoBHHU [DI BrIle
cpenaeMupoBoro. OmHAKoO TOJNBKO OJHA bemapych ynydmumina CBOM MO3WIUM B
MHUPOBOM PEUTHUHIE B OTYETHOM roay. Bce ocTaibHble JHOO COXDAaHWIM CBOM
NTOOANBHBIN PEHTHHT, THO60 YXYAIIHIH €To. ¥

Committed to connecting the world



IDI 2016
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"Uzmepenue nHGpopManuoHHOro odmecrsa' (uzganue 3a 2016 rox)

Russian Federation

Economy Regional rank2016 Global rank 2016

Belarus

Kazakhstan
Azerbaijan
Moldova
Armenia
Georgia
Ukraine
Uzbekistan
Kyrgyzstan

S O 03N N KW

[u—

1
1

31
43
52
58
68
71
72
76
10
13

IDI 2016

7.26
6.95
6.57
6.28
5.75
5.60
5.59
5.33
4.05
3.99

Global rank 2015 IDI 2015 Global rank change2016-2015
33 7.02 2
42 6.79 -1
52 6.42 0
55 6.23 -3
67 5.60 -1
71 5.34 0
72 5.33 0
76 5.21 0
110 3.76 0
108 3.85 -5

Developed

CIS countries

World
Developing

Belarus

Russian Kazakhstan Azerbaijan Moldova

Federation

Armenia

Georgia

Ukraine  Uzbekistan Kyrgyzstan



"U3smepenne unpopManuoHHOro odimecrsa'" (usapanue 3a 2016 ron)

Economy

Korea (Rep.)
Iceland

Denmark
Switzerland
United Kingdom
Hong Kong, China
Sweden
Netherlands
Norway

Japan

Armenia

Georgia

Mauritius

Grenada

Antigua & Barbuda
Ukraine

Brunei Darussalam
St. 1\}incent and the

Grenadines

IDI rankings and values, 2016 and 2015

Rank
2016

O© 0 9 &N Ui & W N —

p—
-

71
72
73
74
75
76
77
78

IDI
2016
8.84
8.83
8.74
8.68
8.57
8.46
8.45
8.43
8.42
8.37

5.60
5.59
5.55
5.43
5.38
5.33
5.33
5.32

Rank
2015
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I N BN LN e oB N BN N |
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IDI
2015
8.78
8.66
8.77
8.50
8.54
8.40
8.47
8.36
8.35
8.28

5.34
5.33
5.27
4.97
541
5.21

ngTeI\eKﬁ



Geographical distribution of IDI quartiles, 2016

D Data not available



IIporuo3 pa3Butus r;j100ajJabHOr0 poiHka 10 2022 roaa

Table 1: Estimates of the Global Market: 2015, 2016, 2020 and 2021

rdzhile callular
subscripticns

Unigue mokle

phone users

LTE Subscriptons

5 subscriptions

M obile broadband
subscripticns

sSmiartphons
subscriptioms

Ficed broadband
(muj

InteErmet users (MU}

Facalbook users
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7.00 bn {ITU]
7.3 bn [GSMA)

4.7 bn (GSMA)
4.9 bn (E)

1.1 b (GSMA)
1.1 bm (E)

1.37 bn (ABI
Res=arnch] ™
1.068 bn [G5A)]

—_—

3.41 bn (GSMA]
3.46 bn (ITU);

45 _8% of mobile
subscriptions

3.3 bn™ [GSMA)
45% global
subscriptions;
A40% total mobils
sub=scriptions [E}
Fo4m

3.17 b {ITU)

1.50 bn BAAL
1.04 bn DAU™
(Dec 2045)

2016
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4.9 bn [GSMA)
5.0 bn [E)™

1.6 bn [GSMA)
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4 bn by 2019
[Facebook)
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(GShAA)
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——
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(GShAA)
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150 millicn
(E]
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5.6 bn [Strategy
Analydcs)
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Coverage of mobile-cellular networks 1n relation to world population
and the number of Internet users (2007-2016)

World population

Billion people

LTE or higher

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016



OupekTtnBa 2014/61/€C €Bponeuncokoro lNMaprnameHTty Ta Pagu Big 15
TpaBHA 2014 poKy npo 3axoau, cnpsiMmoBaHi Ha 3MeHLUeHHS1 BUTPaT Ha
pO3ropTaHHA BUCOKOLBUAKICHUX MepeX eNeKTPOHHOro 3B’A3Ky

Bu3Haroun BaKJIMBICTh PO3TOPTAHHS BUCOKOIIBHUAKICHOI IIMPOKOCMYTOBOI MEPEXKI,
JACPKAaBU-YJICHU MIATPUMAIIM aMOITHI i1l OO MIMPOKOCMYTOBOTO 3B’ SI3KY,
Bu3HauyeH1 B IloBigomiienH1 Komicii mig Ha3Boro “ILludpoBuii nopsaok AeHHUN IS
€Bponu - €BpoIEHChKE 3pOCTaHHS 3a JOIMOMOI00 IIM(DPOBUX TEXHOIOT1H
(“LlndpoBuil MOpSA0K IEHHUK ), a came 3a0€3MeYEHHS MocyraMmu 0a30BOTO
IIMPOKOCMYTOBOTO 3B’SI3KY BCIX rpoMaasiH €Bpornericbkoro Coro3y 10 2013 poky, 1
3a0e3nedeHHs 10 2020 poKy A40CTymy JJIsl BCIX €BPONEHIIIB 10 BUCOKOIIBUIKICHOIO
InTepnery, nonan 30 M0Oit/c, a Takoxx OLIbII HI%K 50% JT0MOrocnoaapcTB

€Bporneiicbkoro Cor3y goctynom J0 [HTepHeTY 31 IBUAKICTIO, 110 nepeuinye 100
Moit/c.

\ International
Telecommunication
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15-a UccaenoBareanbckas komuccusas MCO-T

CeTH, TeXHOJIOTUU U HHPPACTPYKTYpA I
TPAHCMOPTHPOBAHUSA, JOCTYIIA M KUJTHIII

15-1 UccnenoBarenbckass komuccust MCO-T orBeuaer B MCO-T 3a
pa3pabOTKy CTaHAAPTOB i  HMHQAPACTPYKTYpPhl  ONTHYECKHUX
TPAHCHOPTHBIX CETEH, CETEU AOCTyNa, HOMAIIHUX CETEU U CETEU
SHEPrOCUCTEM OOIEro II0Jb30BAHUS, CHUCTEM, OOOPYIOBaHUS,
ONTHYECKHUX BOJOKOH M KaOeJjiel. DTO BKIIIOYACT CBSA3aHHBIC C HUMU
MPOKJIAAKY, TEXHHYECKOE OOCIYyKHBAaHWE, YIPaBJICHUE, HUCIIBITAHUSI,
U3MEPUTEIILHOE O0OPYJOBaHUE M METOJbl HM3MEPECHUM, a TaKxke
TEXHOJIOTUH IIOCKOCTH YIPABICHMS, MO3BOJISIONIAE OCYIIECTBIATH
pPa3BUTHE B HAIIPABJICHUM MHTEJICKTYaJdbHBIX TPAHCHOPTHBIX CETEH,
BKJIFOUAs MOAAEPKKY MPUIIOKECHUN "YMHBIX" IIEKTPOCETEN.

> X
{ .
16 ‘lllln'n.llnn.l
N Y Union
N
o

Committed to connecting the world
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Achievements




Achievements

WP1 — Broadband Access

G.9802 Generic multi-wavelength 40G fiber access
PON (G.multi) (NG-PON2 - G.989)
D
Symmerical 10G G.9801 Ethernet-based
PON (G.9807) PON (EPON)
VDSL2 vectoring for 100 Mbps;
EAERUU UL RN 300 Mbps VDSL2 with 35b profile
Narrowband PLC for smart grid G.hn home networking
up to 1 Gbps

OMPLET

G.9977 mitigation of interference between DSL and G.hn

Collaboration with BBF




Achievements

WP2 — Optical Technologies

OMPLET Single-mode fibre Short-reach (client) 40G and
D (G.652, G.654, G.657) 100G OTN interfaces

Multi-vendor interoperable
coherent modulation for 100G
(G.698.2)

Multichannel bi-directional
DWDM applications (G.metro)

Submarine cable systems Optical components: optical
including coherent 100 Gbit/s amplifier, optical splitters

applications (G.97x series) and multi-degree-ROADM

Disaster management for
survivable networks (L.392)




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

Technical areca Assigned Questions
Sub-category Q7/15 Q8/15 Ql16/15 Q17/15
Optical fibre cables Cable structure and characteristics 10, 26, 43, 58, 59, 60,
67,78,79, 87, L.dsa
(e.g. L.100 — L.199) (L.100 —L.124)
Cable evaluation 14,27
(L.125 -L.149)
Guidance and installation technique 34,35, 38,46, 48, 49,
56,57,61, 77,82, 83,91
(L.150 - L.199) (ex L.coi), L.cci
Optical infrastructures Infrastructure including node element 11,13, 44, 50, 51, 70,
L.oxcon, L.pneid
(e.g. L.200 —1..299) (except cables)
(L.200 — L.249)
General aspects and network design 17,39, 45,47, 62, 63,

72,73, 84, 86, 89, 90, 94
(L.250 — L.299)

Maintenance and operation |Optical fibre cable maintenance 25,40, 41, 53, 66,
68, 85, 93, L.wdc
(e.g. L.300 — L.399) (L.300 - L.329)
Infrastructure maintenance 74, 88
(L.330-L.349)
Operation support and infrastructure 64, 69, 80
management
(L.350-L.379)
Disaster management 81, 92, L.nrr-frm,
L.dm-nrr-mdru
(L.380 —L.399)
Passive optical devices 12,31, 36, 37,
L.fmc
(e.g. L.400 — 1..429)
Mapypized terrestrial cables 28, 29, 30, 54, 55 P
Ty 1) Fie -
(e.g. L.430 —1..449) LN vrien

P~
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HoBble pekoMeHganuu cepun L
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HoBble pekoMenganuu cepuu L

Backfilling Pipes laying

\

d

p:q

Wy

Suction Trenching

L.83(10) F02
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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 1s 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 1s 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.

> X
{ .
23 ‘lnl.'n.'lnn.l
N . Y Union
N
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WP1 — Future Work

Visible Light
Communication
for home networking

G.fast dynamic time assignment
(DTA) — downstream/upstream

bit-rates responsive to
customer traffic Powerline

communication

Continue collaboration with (PLC)

Next generation of G.hn home networking over
G " H n indoor phone, power,

converged fiber access
going to higher speeds

and coax wires >2 Gbps
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NG-PON1

NG-PON2
DS:40G
US:10G/40G
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Next-Generation Networks in Fixed Broadband

Figure 8: Capacity Trend for Passive Optical Networks (PON)

& Bandwidth I: 2300
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| I I | > I
1994 15999 2004 2009 2014 2020+
TPON A-FPON G -PON MG-POMNL MNiGE-POMN2 MG-POM3
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Sowurce: ITU Telecommunication Standardization Bureau.
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Growth in Speeds for Fixed Technologies

1 Gbps
500 Mbps ——-—-
=]
ot
& 100 Mbps
O
-5 50 MDDS ..............
Q.
Eod VOSL2 17a
§ /\1. VDSL(3) 8b
= 10 Mbps ,/ ADSL 2plus
AD$L2
S MDPSB -oevveefrcnnnnnsssnssssssssssssssssssseessg s sassssssssssssssssssssssssefessssssssssssssssssssssssssssssssssssscossssssssss s
ADSL
1 Mbps v,
1995 2000 2005 2010 2020-2030

ITU and the OECD have defined

broadband as a capacity
of at least 256 kbps in the
uplink or downlink speed.

International
U Yelecommunication
Union
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Overview Access Network Solutions

CcoO
ADSL2plus

Long

<25 Mbit/s

} Short S <150 Mbit/s (17a)
= <400 Mbit/s (35b)
G.fast

w @y <1Gbitls

Fiber s

G.fast fills an access technology gap
* Huge gap 100 Mbit/s = 1.0 Gbit/s

* Fiber may not always be possible
into the home/apartment

 G.fast supports FTTdp and FTTB

architectures | ':;I;TH < 2.5 Gbit/s
Fiber Copper -—

... 10 Gbit/s

i)

CCITT/ITU-T




Key Aspects of G.fast

 Aggregate service rate (up+down) targets (over 0.5mm copper)
— 500 Mbit/s at 100m
— 200 Mbit/s at 200m
— 150 Mbit/s at 250m
— Operates up to 400m

* Operates over twisted pair, quad cables, and also coax.

* Customer Self-Installable CPE

* Low power consumption

* Robust with high immunity to disturbers

* Crosstalk cancellation for operation in multi-pair cable
 Down/up asymmetry ratio is static configuration of TDD split

i)

CCITT/ITU-T



Setting the standard

THE ONLINE REPORTER

Swisscom First
to Deploy Gear

with ‘Standard-
ized' G.fast

Chips

SWISSCONT 15 USING
Copper x250 Humwel gear ta start
upgrading a small
number of its

subscrbers o a

. . G fast beoacdband
Breathing new life service ling
into copper... the e

BREAKING NEWS: G.fast achieves 2 Gb/s over existing telephone lines

i)

CCITT/ITU-T




NG-PON2

The next-generation technology, NG-PON?2, 1s expected to increase PON capacity
to at least 40 Gbps downstream and at least 10 Gbps upstream

Some of the proposals under consideration include:

& 40Gbps TDM PON

@ Time- and wavelength-division multiplexed (TWDM)
PON

& WDM-PON

@ Coherent ultra-dense WDM-PON (PON UDWDM)

@ Orthogonal Frequency Division Multiplexing (OFDM)
PON o=

L N

32
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Variants of TWDM-PON

Four variants of TWDM-PON are currently being developed by ITU-T
Study Group 15:

i Basic: 40 Gbps downstream and 10 Gbps upstream
capacity, using four wavelengths
i Extended: 80 Gbps downstream and 20 Gbps upstream
capacity, using eight wavelengths

i Business: Symmetrical services, 40/40 Gbps and 80/80

Gbps

ia Mobile fronthaul: point-to-point WDM overlay
‘A\j’sﬁ‘:i‘."‘o'"‘”iu"“'

- BT s
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Supplement 51 to ITU-T G-series Recommendations
Passive optical network protection considerations

g B

SNI

SNI

SNI

UNI
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WP2 — Future Work

Easy and
environmentally
friendly outside plants

Disaster Management
issues

Multichannel bi-directional DWDM
applications targeted at lower cost
optical solutions for applications

including mobile fronthaul
and backhaul

100G and future higher-rate
coherent multi-vendor
interoperable interfaces

Short-reach (OTN client) 200G and
400G interfaces reusing components
developed for Ethernet applications




Outside plant and related indoor installation

Need of new Recommendation on
field mountable connector
technologies

>

Diameter 10/14 mm



Outside plant and related indoor installation

o
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Optical fibre maintenance criteria for access networks depending on
topologies of access networks

a) Single-stage configuration 15t stage
i Branch fibre
/ [ onU
Trunk fib
OLT - #— _ONU
- 1 1]
Test access device o t+ ONU
. Other reflection
OTDR ’
) ) 1%t stage 204 gtage
b) Multi-stage configuration ! '
' : Branch fibre
- / : [ onu
i i
Branch fibre : 1 oNU
Trunk fibre i :
: : tH ONU
1

OLT
@est access device ittt
:

:
OTDR !
: ”I ONU | <] Splitter
1 -
: | H I ONU | I OTDR reflecting device
: 1 Other reflection | Other reflection

Network configurations for in-service testing with OTDR reflecting devices

38 \‘ International
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L.59 Optical fibre cables for indoor applications

5.2

5.2.1
5.2.2
5.2.3
5.2.4
5.2.5
5.2.6
5.2.7
5.2.8

Characteristics of optical fibres and cables ... .. e 3
5.1 Optical fibre CharacCteriStlC S (.ot ti ettt et et e et a e ceaaaaaaaan 3
5.2 Mechanical CharaCterIStICS oo in ittt ettt e e e e a e e e e aeaeaceaeaaaeanaaaananann 4
5.3 Environmental CONMAitiOn S .. .ottt ettt ettt et e e e e cea e e e aaaea s 5
5.4 D B S o= T < 7 Y 6
(@F-10] EST ool a 11 1 ot B Te i Lo 5 o U 6
6.1 ) S5 o ST eTo Y= T 5o 1 =4 S 6
6.2 [@F=1 3 ESTRSY 1S5 5 0 X< o 1 o 7
6.3 NS 8 TS T o 1 8
6.4 Identification Of Cabl e ... ettt ettt cee e aaaaaaan 8
1 IS TSR 5 o o =1 o W X' = 8
7.1 Test methods for cable element. .. .o ittt ceaeaeaaceaaaaanas 8
7.2 Test methods for mechanical characteristics ofthe cable ........ ... ... ... .... 9
7.3 Test methods for environmental characteriSticCs ... . ittt i 11
Test methods for fire safety 11

Mechanical characteristics
Tensile strength

Bending

Crush

Bending under tension (flexing)
Torsion

Impact

Kink

Repeated bending




HanpasJieHusI CTAHAAPTU3AIUH

L.fmc Field mountable single-mode optical fibre connectors

*G.663 Application-related aspects of optical amplifier devices and subsystems

*G.672 Characteristics of multi-degree reconfigurable optical add/drop multiplexers
*L.oxcon Requirements for Passive Optical Nodes: Outdoor Optical Cross-Connect Cabinet
*L.dsa Optical Fibre Cables for Direct Surface Application

*L..109 (L.60) Construction of optical/metallic hybrid cables

*Requirements for Passive Optical Nodes: Fiber Distribution Box

_____________________ . Cabinet housing
| — Fibre management system

| — Module or Unit

Cable attachment
and termination

40
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Outdoor Optical Cross-Connect Cabinet

Splice and distribution modules

Splitter modules

Direct splice modules and
splice-pigtail modules Cable attachment and

termination system

International
Yelecommunication
Union
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Optical Fibre Cables for Direct Surface Application

Opt. Fibe
Jelli
Stainless
Pipe
Sheath(P
Armor
Sheath(P

180-200 kg/km 85 kg/km

Polyethylene Jacket, ®3.6 mm
P11 mm - -
Steel Armor Stainless-Steel Pipe

Optical Fibers

B | e —
- —

Bend radius
€

Min. 11cm .

Ball point pen
for size comparison

International
Yelecommunication
Union
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Optical Fibre Cables for Direct Surface Application

Polyethylene Jacket

Waterblocking Tape

Central Core Tube
Polymeric
Wire Strength Member
Corrugated Coated Steel
or
Ripcord Stainless Steel

Fibre bundle, Ribbon core, etc.
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Application Case I ﬁmggmmmﬁ
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new Recommendation “Optical fibre cables for in-home directly wall surfax
0

® project in China
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new Recommendation “Optical fibre cables for in-home directly wall sur&X0
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project in China
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Construction of optical/metallic hybrid cables

Symmetrical pair

Powerunit
Filler

Stripping Central strength
member
Optical fibre Wrapping
unit

Aluminum tape

Jacket Quter sheath

(if needed)

nnnnnnnnnnnnn
Yelecommunication
nnnnn
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Modular Technology /Plug-N-Play / Fixed Wireless
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