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Responsibility of Study Group 15
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ITU Stru Ctu re Leadership of ITU

* Plenipotentiary Conference (PP-22) - October 2022
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WTSA — World Telecommunication Standardization Assembly
TSAG - Telecommunication Standardization Advisory Group WP
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WP — Working Party
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Questions and Working Parties of SG15

uestion . .
Question title

Optial Access and Home

Optical Technology & Physical Infrastructure

Transport Network Characteristics

WP: Working Party
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ITU-T SG 15 deliverables

 Work products: Recommendation series
) Re CO m m e n d atl O n S (G.600-G.699: Transmission media and optical systems characteristics

) S u pple m e ntS (G.700-G.799: Digital terminal equipments
) G.800-G.898: Digital networks
e Technical papers and reports

(53.900-G.989: Digital sections and digital line system

® F Iye rS G.7000-G.7999: Data over Transport — Generic aspects
(53.8000-3.8999:; Packet over Transport aspects
ITUPublications ITUPublications International Telecommunication Union AT Sty Grow 15
mmmmmmmmmmmmm Standardization Sector (o)=L EIH ITU-T Passive Optical Network Solutions
. | e o OGS B cunls oG G.9000-3G.9999: Access networks
Recommendation ITU-T Technical Report -!wqm” -
ITU-T G.652 (08/2024) (1012025) G, ) Gosonseis 51 2 .
- » GSTR-ION-2030 e G supplements: Supplements to ITU-T G-series Recommendations
SERIES G: Transmission systems and media, digital
systems and networks . . R N Splitter-based ODN Maulti-channel TWDM systems.
Transmission media and optical systems characteristics — Technical Report on international optical o pees0e you - . -
Opical fibre cables networks towards 2030 and beyond il et L. 100-L.198: Optical fibre cables

Spitter-based ODN Mult-channel WDM Overlay.

NG-PON2 NG-PONZ NG-PONZ
GBOxseres 42 GBOxseries 42 GOBOxseries 42

Characteristics of a single-mode optical fibre

and cable e L.200-L.299: Optical infrastructures

L_.300-L.399: Maintenance and operation
L.400-L.429: Passive oplical devices

L.430-L.449: Marinized terrestrial cables

L supplements: Supplements to ITU-T L-series Recommendations




SG15 - activity and impact
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OFC
ITU-T SG15/Q3 experts group

Q3: Technologies for in-premises networking and related access applications

Main Projects:

— G.hn (G.996x series): Unified high-speed wire-line based home networking transceivers
— Operation over coax, twisted pair, powerline and POF
— PHY layer (G.9960), DLL (G.9961), management layer (G.9962), MIMO (G.9963), Spectrum (G.9964)
- G.vlc (G.999x series): High speed indoor optical wireless communications
— Enable free space optical communication based on G.hn technology
— Goal to produce Technical Papers on narrow beam OWC and channel adaptive OWC
—  G.fin/G.Xfin (G.994x series): High speed fibre-based in-premises transceivers
— Enable in-premises P2MP fibre backhaul for Wi-Fi and provide fibre & Wi-Fi coordination
— Architecture (G.9940), PHY (G.9941), DLL (G.9942), NM (G.9943), Wi-Fi coordination (G.wmci), Technical paper & supplement on use cases and requirements
—  G.p2pf (G.9930): Optical ethernet for in-premises network
—  Enable in-premises P2P fibre backhaul for Wi-Fi

Ecosystem: Chip vendors, system vendors, service providers
End customers: Telco operators, Power Utilities, Lighting companies, retail channels

II\:IIain liaisons: ITU-R, ETSI TC ATTM, ETSI ISG F5G, CCSA TC6, IEEE, Broadband Forum, and HomeGrid
orum
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Recently consented or approved Recommendations

G.hn project
. G.9960 (2023) AMD 2 (approved in 03/2025), Unified high-speed wireline-based home networking transceivers -
System architecture and physical layer specification

. G.9961 (2023) Corr1 (consented in 03/2025), Unified high-speed wireline-based home networking transceivers - Data

link layer specification

FTTR (G.fin/G.Xfin/G.p2pf)
G.9930 (approved in 07/2024), Point-to-Point fibre in the Premises
. G.9930 (2024) Amd1 (agreed in 03/2025), Point-to-Point fibre in the Premises
. G.9941 (approved in 07/2024), High speed fibre-based in-premises transceivers - physical layer specification
. G.9942 (approved in 07/2024), High speed fibre-based in-premises transceivers — data link layer
. G.9943 (approved in 10/2025), High speed fibre-based in-premises transceivers — network management
. G.9949 (approved in 10/2025), WLAN management control interface (WMCI) for in-premises network

G.Suppl.80 (agreed in 07/2024), Use case & requirements of FIP networking for home application (FIP4H)
G Suppl. 89 (agreed in 10/2025), Coordinated management of access and fibre in premises networks
G Suppl. 90 (agreed in 10/2025), Coexistence between G.fin and G.Xfin systems

G.Suppl.78/91 (agreed in 2022/25), Use case & requirements of FIP networking for small business application (FIP4B)

12
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Future deliverable timeline

G.DoP project
« G.DoP: Data Over Power — Vehicle Network. System, PHY and MAC Specification

— Usage of G.hn-based technology in intra-vehicle communications — Expected 2H26/1H27

FTTR (G.fin/G.Xfin/G.p2pf)
« (.9949 (WMCI) Amendment 1: WLAN management control interface (WMCI) for in-premises

network
— Addition of new features to the basic mechanisms already consented — Expected approval in 7/2026

G.Xfin-PHY/G.xfin-MAC,High speed fibre-based in-premises transceivers (10G), PHY and DLL

—  Development of new standard — Goal to consent 2H26/1H27

General
. G.hetnet: Terminology and overview of the architecture of a Heterogeneous Home Network
—  Architecture of heterogeneous networks

13
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Future deliverable timeline — TPs & Supplements

Technical papers:

— Technical paper on the use of G.hn technology for smart grid (GSTP-HNSG),

— Technical paper on the use of ITU-T G.hn technology for in-home networking (TP-UC-HN),
— Technical paper on the use of ITU-T visible light communication technology (TP-VLC),

Supplements:
— Enhanced in-premises networking with computing functions (G.suppl.Edge4Home),
— Digital twin network on in-premises networking (G.suppl.TwinHome)

— Use cases, requirements and technical vision of Integrated Sensing And Communication
(ISAC) for in-premises networks (G.Suppl.ISAC)

— Beyond 10Gbps fibre in-premises network: use cases, system requirements & technology
options (G.Suppl.FIP4B10G)

— Al-enhanced home networking(G.suppl.ION-aiHome)

14
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System architecture of G.fin (1

- <= . ™~ )
/ Home scenario \‘ G.fin
[ R
I ! / \
1 -~ e |
| =) vRAR | N L5 — ; s
XG(S)-PON | 1:4"14 Bedrooml  Bedroom2 | : i i
: 1 . c‘- ........... J : ) |
| - E @ MnbllePhonel Access 4. Lo - i Terminals
1 MFU el Living Room I network O MFU — SFU | and 5
FTTH ¥ I @ HD camera : | i Adaptors |
Ty | ] Bedroom3 I I Splitter ".‘ ,,'I
Office I Fibre to each Room: < 100m Wi-Fi: 10m ] | i !
\\ o ’ // Splitter SFU \\\ /,"
. IFDN .
IFg. IFe Wireless and/or
. Home scenarlo finem s wireline interfaces
Fiber
--------- Optional remote power, MFU provides power to SFUs through IFDN
. i Network SME Int I Network Off A =)
arrier Networl nternal Networ | i re i
SFU SFU ,/ \
Manager Room ," ““
Fiber or OEHC :‘, Terminals “:
z Access L U R ! !
MFU Splitter MFU SFU I.‘ Adzr[;?ors ;‘:
‘ IFDN
— IFfin-m IFfin-s Wireless and/or ™~
"OEHC: Optical Electric Hybrid Cable 1A . . -
wireline interfaces
Fiber
B . 1 Optional remote power, MFU provides power to SFUs through IFDN
o usiness scenario
, P2MP topolo Remote power feed, direct link
Source: ITU-T SG15 Q3, G.9940, approved in Nov plenary of 2023 pology., P !
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System architecture of G.fin (2)

____________________________________________________________________ One or more coordinators that: Wi-Fi SAP (defined outside ITU-T)
Management E E Coordjnate AP transmissions. . QoS cha‘nne\s )
system | : Coordinate BH/FH characteristics Schedg!\(\g/Tlme alignment G fin SAP (defined in ITU-T)
H [ ' Capabilities QoS channels
| 1 ACF‘?SSk Scheduling / Time alignment
MME SME NetAor Capabilities
,,,,,,, | .
' '
Managementplane | = | tTTTTTTTTToooooo oo oo mmomooo o oooomooomoo-oo il il sl et MFU NT SFU End user device
Downlink command/request S ’ Local coordinator ‘
> Controller(s)
Centrplized coordin] ’ ¢ ¢ i
L MCE « — 3 ¥ ¥
Uplink report i i-|
‘ P P ’ Eth ‘ ’ Wi-Fi AP G-fin trar?s'zz er Eth ‘ ’ V\//\IPFI ‘
H - . ive
Control plane Management & control transceiver x 'y
_______________________________________________________________________ A !
) ]
_ - T
oLt ~= =< 'E SFU End user device
,,,,,,,, I
M-FTR IFDN ],, ’ Local coordinator ‘

I 1 1

G.fin
transceiver
A

Data plane

Mechanism:

1. Identify service flow and differentiate the service QoS
Functional framework of G.fin system _ o
2. MFU dynamically collects the Wi-Fi and network relevant

Source: ITU-T SG15 Q3, G.9940, approved in Nov plenary of 2023 information such as data buffer, link status, etc.

The MFU controller does analysis and makes decision

4.  The decision is sent to each SFU through the fibre
network

16
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Typical use cases for Home environment

® High Quality Wi-Fi Backhauling

Central
Office

1:16/1:8 Room3

FTTR Node

I FTTH |< FTTR ==
Throughput 100Mbps 1Gbps 10Gbps
Roamin 1s 10ms <1ms

@ Support of Extremely low latency

Processing on Cloud ‘

Network Transmission ‘ Processing on Terminal
= | Bearer network Home Wi-Fi 1 Terminal
—I 1 network

: 1 = '
Content cloudiGPy | T 1Y < o) ))
‘engine cloud H

'
| Processing

'
cloud (logic 1
' comput tent !
: rendering, encoding, and : Network Decoding and
i data sending) transmission ! synchronization : Asynchronous anyi_gistortion Eﬂ:ﬁ; :
Timewar,
Fair-experience phase | =30 ms N <20 ms 1 =20ms 1 P
T
1
_I = ; e : o
'
v
H <16 ms ! =8 ms - <6ms
1
'
' Fair-experience phase: < 70 ms
Latency
planning
=20 ms
v '
Cloud rendering and streaming latency MTP

Stable networking, extremely low latency: <1ms, jitter<1%

g
(® Low Complexity and Easy ODN

'Q\ Pre-connected ] | Fibre I
Fibre cable replacemen
. t robot
. Optical
| fibre

* ,E,; A O y \" . ) Elastic
| extender /ﬁ T \ l — tool

In-premises ODN
Pre-connectorized fibre

Engineering Tool
fast fibre installation, high successful rate
Source: ITU-T SG15 Q3, FTTR use cases & network requirement, 2021

@ Slicing

F Ay H s N /S

Internet access channel Internet access channel intermel
Service Access
Identifi network S i ST ¥
(((‘- cation f w:’l‘:&;;“:m
& ~_VRtransport channel © VR transportchannel
b’ N ; N Rendering
server
FTTR node RGW E —

Service type recognition, high priority channel
Fibre + Wi-Fi coordination & optimization
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Typical use cases for Small & Medium Enterprises

@ Live applications

Live selling Live broadcasting

G Suppl 78(22)

Game studio

Service:

* 4K/8K video stream for UL/DL
* Real-time control message
Requirement:

* Guaranteed UL throughput
 EZ2E Low latency

« Stable connection

@ Smart office

FTTI

R small office internal network

Service:

* Combination of network service

Meel

ting room A

N
Sub-
gateway

Office room A

/2.7 + Diversified connection
mB K

Office rool
ot Requirement:
Opticalfire | OTeeToomC A .
. 32-128 links @1km
Rest room
=7 « OfE cable, East to west, O&M

G Suppl78(22)

+ Controllable network jitter

(3 Smart service hall

Service:

* Customer designed service flow
» Combination of network service
Requirement:

* Isolated network

* OI/E cable, East to west, O&M

* Guaranteed QoS

éiﬂ\

Service:

»  Wi-Fi full coverage

* Dense connection

. Requirement:

+ Different modes of authentication

Ist
floor L4

Multicast, isolated network,

O&M, network control

Source: ITU-T SG15 Q3, G.suppl.78, Use case and requirements of fibre-to-the-room for small business applications, published in 2022
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G.fin transceiver design

PHY: symmetric rate, optimized link budget, flexible splitting DLL: TDMA, F/WMCI dynamic control, OLT enabled management

DLL management
60% 0% SDU in SDU out entity | evs ] [ mms |
ML MPDUin | MPDUowt & I
i i 10% 10% A-interface [ oLT |
Physical coding sublayer (PCS) C} ‘ _____ - - - ——-
R _ . High-level
(generation of PCS frame, mapping . 10% 15 | 10% Application protocol convergence (APC) management messages | ______ 2 g e i
MAC frames into the PCS-frame) L5 g Interface with AL, SDU-to-FEM frame conversion, ; H
10% 10% flow mapping H MEY h. v
L o |
TX PCS frame RX PCS frame 10% 10% D1 refgrence APDU APDU H I : | .
D G point _ N - - o onict aent | TR oenzer |
2 agen
N B Connector i
Ph 1 medi ttachment (PMA I . [ Management connectidn
ySlca. edia attac € .( ) Logical link control (LLC) FMCI data | MNME ]
(scrambling, FEC, segmentation of TX- Concatenation and segmentation, encryption [ T |
frame or burst, padding) . M-FTR
- l: - ( ) b2 refgrence FEM frame FEM frame e
_point _ Z - - R : n
TX PHY frame RX PHY frame . Media access : 7 PN
. 1 ) Media access control (MAC) control parameter 1 Fibre connection
. - y h Scheduling of DLL payload transmission, p H SEU
Physical media dependent (PMD) [ nFu Cowa dynamic bandwidth allocation sFU :
(Electrical/Optical adaptation, K ] STTR SPU
... . . y g MPDU MPDU
Wavelength division multiplexing) | _PMI _ _ _ e
x < aa
MT“ _________________________________________________________________ I Connector \‘x\ 1 PHY payload PHY payload
Fiber
X
| FMCI | | WMCI | | FEM client
. i Typical Upstream/downstream wavelength set i i
Optical link budget T . - -
splitting ratio 2.5/2.5 Gbit/s 10/10 Gbit/s | F-adapter | | W-adapter |
aB h R Up: 1300-1320 nm  for furth a | |
0-18 dB (home 1:8 Le or rther study
Down: 1480-1500 nm bTA | AEMEaclapLey
Option 1: G.fin data link layer
Up: 1300-1320 nm
Up: 1300-1320 nm Down: 1480-1500 nm | Frioam |[ Eoam |
13-28 dB (SME) 1:32 : I |
Down: 1480-1500 nm Option 2:
| PHY header | PHY payload |
Up: 1260-1280 nm _ _
G.fin physical layer
Down: 1567-1587 nm

Source: ITU-T G.9941, High speed fibre-based in-premises Source: ITU-T G.9942, High speed fibre-based in-premises
transceivers - physical layer specification, 2024 transceivers - Data link layer, 2024
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Management of G.fin

0SS/BSS

® Management for G.fin system:
1 Option 1: 12 through enhanced OMCI

EMS Other RMS 2. Option 2: 13 through RMS based on IP protocol (TR-069/369)
3

Option 3: 14 proprietary solutions of service providers

aqLT
. . .
F -
® Management within G.fin system (G.9943 FMCI):
12-f-- -t 14 --- I3
— [ ema ) [ wmar | [rEMctient | MFU SFU

P 1 _____________________________________

1
: v T | | Alarm, (ME, parameters} - 1 =)
! | 1 1 N A momans mottetons oot £ b
! MFU | ONU | | [ F-adapter ‘ ‘ W-adapter | B designatesant extended Tocaived o message set B comnand from

iessage set the SFU during current session. 'PTPNT] -

' ' I The MFU queries SFU capabilies - Initialization
1 | | | | F-PLOAM ‘ | DTA | [ FEM adapter before itis allowed o use extended —\
1 - - messages.

i . . .
1
| OMCl agent || MQTT/ISO TR-069/369 | | ST o e PG | (Negotiation of baseline
i g N...agent agent : Get respanses (SFUZF. FMCC version supports extended message set) Capab| | |ty, extended
1 p—

I I e

| I : E-OAM e R e message capability,

| ,
1 t
1 | MME | ! e axtended message set is supported by the etC)
1 : PCS header I PCS payload SFU, the MFU may use either message sst at will
\ / 5 o
' H : G fin physical layer FMCI messages (.. parameters )
: | M-FTR /' FNCI responses (.. parameters ..}
H : ;Fhs SFU uses message ssdt B in response

. o massags set B comman

' =11 | Byte number Size | Use

1 T
1

1 . . . .
' . 1 1.2 2 Transaction correlation identifier Pl bt twil I o Message EXChange
1 ly’
H F M@‘e onnection 1 received a message set B command from

I the MFU during current session
1

1 3 1 Message type FMCI message, Alarm
: : Alarms (ME, parameters) (etc ) g ’ ’
1 . . . .
: SFU : 4 1 Device identifier FMCI message, (... parameters )

1
1 [y . . . FMCI - 1
H m‘:ﬁ_ 1 5.8 4 Managed entity identifier resporen [ parameters )
! SFU SFU : o negotated e MEU may use 3 basetne
! t The SFU ds with basel
' < SME > ' 9..40 32 Message contents Teseoge oot The STU responds wih baseine ]

. - . (]

I = .
P N Fibre in-premise network 41.48 8 | FMCI trailer | :

Source: ITU-T SG15 Q3, G.9943, High speed fibre-based in-premises transceivers — network management , consented in 2025
20
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Fibre & WLAN coordination of G.fin

1.

SFU1
ot e > :i_l g An example of coordinated Wi-Fi Tx in time domain
— MFU  _--—" -~
— = /’ \\ ‘)_‘—;‘:\_—&—n e
xPON l\\ SFU2 E Y : =
. . R . . ~ [_—.”7:\_] g /’ h N : {- ' Contention could
Multi-AP coordination over fibre link (ITU-T G.9949)~ _ -’ - b \ SFU4 > happen
~< = s Lo R , e
~~. L &= L _---- B m /// .
i — el g
Multi-AP coordination through air interface (IEEE 802.11bn) | I = [ i s
SFU1 SFU2 SFU3
SFU SFU MFU SFU, SFU, SFU,, - » N ; . o
””” FMClchamnelsetws | | T Gapabitiy imfonmation (Reauesn || 7
FMCI channel setup
________________________________________________________________________________________________________________________________________ Wi-Fi CSMA collision Coordination of Air interface
FMCC Configure WMCI TCONT : Capability mnformation (Report) : DIFS backoff DIFS DIFS backoff DIFS DIFS
: 72\ !
SFU Reply E Working Paraneters (Conlig) €I, : ? [Te-s0 M [Te-s12 7 250 Mg el
FMCC Configure WMCI Port-ID : H ML m CW double MFU1 m
SFU Reply @ i Working Parameters (Report)
FMCC Configure WMCI Multicast Rort-1D , = : — 8->0 12->8 U1 1->0
SFU_Reply FMGG Configurs WMCI TCONT. SI1oIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIpIL | oo | pota |
Message (Request) .
SFU Reply FMGC Configure WMCI Port-1D ~ 12->4 4 2->0
Message (Report) 3 SFU4 w SFU4 m
SFU Reply FMCC Configure WMCI Multicast Rort-1D 777'7777777777777777777777777777777777777779 77777 o
__________________ SRU Reply .} ’
@® WMCI channel setup @ Initialization ® Synchronization \
: . s - , . Coordinated Wi-Fi transmission in time domain
Establishment via FMCI: 1. Initialization: Capability exchange + working 2 5
* FEM Port-ID or multicast FEM Port-ID parameter exchange (version, WLAN 3. Coordinated spatial reuse (Co-SR)
status, security mode etc. ) 4 Coordinated roaming

« T-CONT for low latency guarantee
NOTE: Assign Alloc-ID via F-PLOAM
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G.p2pf Architecture/topology

ol

|
I - -
i f1uwer | Description
: device . Optical Ethernet connections are used for
= connecting RG and repeaters
Access (xPON) .| End user R T
RG dovice Two types of connectivity:
@ RG/Repeaters are connected directly to

| o the fibre infrastructure (IFDN) using
! (wireline)| End user . . .
i IFDN4“ ------- device devices with optical outputs

« g @ RG/Repeaters are connected to external

optical/electrical converters using
Ethernet. In this case, an external switch
is needed on the RG side

FIP (FTTF, FTTA)
G.p2pf

FTTH

A
Y

Source: G.9930, Point-to-point fibre in the premises,2024
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Roadmap of in-premises technologies in ITU-T

Broadband access & in-premises network technologies evolution ¢  Gjgabit phase:

]lf:;“(’j‘:‘e':‘h ~10Kbit/s ~Mbit/s ~100Mbit/s ~Gbit/s ~10Ghbit/s ~100Gbit/s
Decades 1980 19500 000 o100 v T s 1. G.hn (G.996x series) over copper or POF
- ISDN - HDSL - ADSL2 - G.fast - MGfast i VHSP ]
ccess - PSTN - ADSL - VDSL - NG-PON2 - 50GTWDM | ! ] . . . . .
" . APON SN GEON * XGE)-PON | |- 50GPON | | i 2. G.fin (G.994x series) over single mode silicon fibre
- Ghn - G.hn-OFB , '
n-premises * Guwle * Gifin | ] . .
" - Gppr i : 3.  G.p2pf(G.9930) by using optical ethernet
Phase 5—=—7— ——7-——+ —8——— - o-oc _S
Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6 u u
® 10 Gigabit phase:
e e = 1. G.Xfin (new recommendations on-going)
| G.hn MP2MP, OFDM | ‘ Amendment to support Gbps
\@ Q3/SG15 | G.vlc reuse of G.hn baseband | 2' G'p2pf (G-9930) by us'ng optICaI ethernet

Visible/infrared light

[ Gfin@s5G@D+2.56@U)P2MP | [ Gxfin (10G@D+10G@U) P2ZMP

Symmetrical 2.5G , F&’W coordination Symmetrical 10G , F&W coordination 3 G hn O FB
G.p2pf P2P Leverage 10 IEEE 802.3 spec - -

fop PHYV IEEE 802.3z/ah 1G@10km, 802.3ae/cp 10G@10km

< IEEE 8023 | 502.3 Ethernet for (optical fibre, coax, twisted pain > o Next generation (towards 2030)_

Distance (2km, 10km, 80km), Date nate (0.1/1/2.5/5/10/25/100/200G)
80211 | IEEE 8012.11ax [ IEEE 8012.11be ] IEEE 8012.11bn ]
Wi-Fi 6: 1.2G@2S, 9.6G@8S Wi-Fi 7: 5.8G@2S, 46G@16S Wi-Fi 8: target for stability 1 Wi-Fi fronthaul teChnoIOgieS based On fibre

Source: ITU-T SG15 WP1, Technical paper, Broadband access & in-premises 2 ~25G/50G Gigabit over fibre for in-premises
network (BAIN), agreed in 2025 March plenary
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Q3/15 and Al

Efforts as part of ION-2030: strategic framework developed by ITU-T Study Group 15 to guide
the evolution of International Optical Networks
— Agentic Al as a service; Quality on demand; Self-optimizing network

— Home network is entry of broadband network, pe_rforminP the direct network offering to end users and occupy
the best position to facilitate Al service and function deployment

Why study Al in a network-driven group?
— Q3/15 defined a clear scope on the efforts in Al, based on two assumptions:
— Assumption 1: Artificial Intelligence adds a new set of requirements on in-premises networks
— Al may make use of data coming from the networks (e.g., QoS information)
— Al may configure/manage the networks to optimize the behavior (e.g., prioritization, optimization)
— Assumption 2: Artificial Intelligence provides a new mechanism to address some challenges that were previously
addressed analytically

— Al may be used for congestion-avoidance algorithms (e.g., DTA)
— Al may be used to solve system-wide optimizations (e.g, coordination between systems for access to the medium)

« Two main efforts ongoing:
— Coordination of fibre in premises networks and WLAN networks (WMCI)

— aiHome project: “Al-enhanced home network”,
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Q3/15 and Al: Al Home

[ Intent understanding Strategy generation Routing optimisation E-
« Analysis of interactions between Al Ba | s G0 | —
and Network infraStrUCtu re lnfurmatim; notice _‘-_% I)S\t;'a;cg[:z ::I‘llellrs:ldb

* Use-case based approach: = HEEETTEER
—  Collect use cases " s s i S—

. Analyze impaCt on the network ) Data collection Networks optimization Strateg‘ic deployment ’
— Analyze data needed from the network [ Pk e S e
—  Proposal of interaction (OAM update) e e W e —_ e

+ Impacts different Recommendations Ptk
. . Interaction with network layer. S : ITU-T SG15 Q3, G.Suppl.aiHome draft
. To be agreed in the coming months nteraction with network layer. Source Q uppl.aiHome dra

« Use cases under analysis (so far): il L ]
— NAS security in Fiber In Premises =
— Al 3D Video
— Al 3D health care
— Al Wi-Fi distribution

| AI-WiFi Small Model |

Body | Type

Speed I Action

Retiected by ficor Antenna Directivity

/ Antenna, Codlng

Modu!atlon Rate

ndyj

Random Interference Diagram
and Key Variables

.

[a)

)

3
E

z

;

3
g
9
&

S

8

ndinQ

Ll | Number of Interferences

r
Interference Traffic
Interference Duty Cycle

Example of Al Wi-Fi optimization. Source: ITU-T SG15 Q3, G.Suppl.aiHome draft
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To conclude for fibre in-premises network

« Target for providing guaranteed user experience

« Applications are wide, including home & SME, potentially extended to verticals
in the future

* Protocol design adapts to the characteristics of in-premises (home & SME)
 Foundation of 2.5G recommendations are completed in ITU-T

« Fibre & Wi-Fi coordination is the current hopspot technology to be addressed
« 10G FTTR is on the way and match to the deployment of 50GPON & Wi-Fi 8

« Al-enabled fibre in-premises network brings new values to customers
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OFC
Summary of major topics in Q5

New Recommendations for Weakly-coupled Multi-core
fiber (WC-MCF) Technology
— G.smmcf, G.csmcf, and G.650.2

Examples of other active work items

— Introducing the coating diameter specification into
Recommendations G.65x

— National experiences for cable deployment, New L.Suppl.ne
— Refinement of existing L.100-series cable Recommendations
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WC-MCF Technologies

€ Standard cladding diameter

(@0 =] o 1 T
(250 wm) W € Compatibility to G.652 & G.654
Cladding ore i} i
1o Ium)\ o) (~10 um) € 2-core for submar!ne
........................................................ € 4-corefor submarine and DC
€ Geometry € |Inter-core cross-talk (ICXT)
re position ® '

# of/core ‘(xi’ Vi &

. > " @
Cor ’ .

osit'or.{"’ Core pitch
P B

error
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Summary of major topics in Q6

Examples of recently consented work items (next slides)
- G.691, G.Sup39, G.641, G.672, TR.ION-aiDC

Examples of other active work items

— 800G DWDM applications in G.698.2.

— TR.fsc (feed-forward sensing in optical communication networks).
— 200G applications (“grey interfaces”) in G.959.1 and G.695.

— Self-tuning applications into G.698.4
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New Recommendation G.681 (ex G.dfos)

— Distributed fiber optics sensing Contol & Management
(DFOS) optical interface Bvent Detction
requirements for terrestrial optical —
transmission systems -1 - DFOS-trl
— Two categories of DFOS system oo | [ e A
architectures are defined, where I
sensing and data Channgls share the DFOS system head-end DFOS-Sbi DFOS-Sba
same fiber: back-scattering type and mol for sigass forsiguls
1 gomg 0Ing
feed-forward type sz [ Joo ] | loo ]+ @ £ [ DwDMon
Examples of d ts includ o B om [~ om | — R
— Examples of covered aspects include 5 o wos | 1 o
wavelength plan, optical parameters, T orsignls o signal
and impact of interference. : SO o
— Work in progress to extend the Figure 6-1 — Reference diagram of back-scattering type sensing.
sensing distance to 80 km+ Out-of-band sensing wavelength, bi-directional DWDM transmission
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Supplement G.Sup39

— Optical system design and
engineering guidelines
— Non-exhaustive list of covered
topics:
- Methodologies used in the development of Figure 7-42 — Exemplary constellation distribution diagrams of PCS-64-QAM with
optical interface specifications entropies of (a) 5.7 bits, (b) 5.0 bits, and (c) 4.3 bits per complex symbol ([b-Liu2])

(a) 2H=5.7 hits/symbol (b) 2H=5.0 bits/symbol (¢) 2H=4.3 hits/symbol

— Spectral bands
— Line codes and modulation formats

nnnnn

receiver recovers M-Aly
from its subcarrier ClientA

— Statistical optical transmission systems
design methodologies

Client A Client C

‘Q* M-Aly

Forward error correction techniques Client B SCM optica

—~ Recently added LEEJ

M-Al4

M-Als Client

__/

Client z

— Point to multi-Point (PtMP) configurations

Clientz

Signal amplitude after O/E conversion (a.u.)

M-Al,

— Probabilistic Constellation Shaping (PCS) frequency THz |
Time (ps)
— Pulse Amplitude Modulation (PAM4)
. . e . - Fi 710 - A |
— Optical layer reliability and availability Figure 7-21 — Model of SCM in PtMP P/-{?IllirZye diagr:r:’éz':gr:trgd

by an EML at 112 G
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New Recommendation G.641 (ex G.fso)

— Optical infrastructures are not only
fiber infrastructures!

— (G.fso provides physical layer
parameters and values for
channel interfaces in free-space
optics (FSO) systems

— Transparent fiber-space interface
with optical amplification but no re-
timing

— It targets terrestrial mobile
backhaul applications

— Possible upgrades: FEC-based
applications, multi-channel
systems

RS s

Fibre Media Channels

Media element FPg

Network Media Channel

Fibre Media Channels

FP,

Media element
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— Description of multi-degree
ROADM, used in DWDM optical
networks to enhance network
scalability and to support enhanced
service provisioning and resilience
features.

— Both fixed and flexible DWDM grid
applications.

— New examples of ROADM ——
configurations recently added, to
reflect the evolution of optical
networks wss ] -

— Multi-granular ROADMSs with band

SWitChing will be added soon Figure IIL.5 - Optical one-hop connection and resource sharing features of metro aggregation
ring network based on R-(LADD&WADD) in Appendix II .4.

o
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o E o 12
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. g 2
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@5 iD=
4
::l::::::::::::::::::::::::::::::::::::::::::::
,:'«:"\\
\\

(b) ‘\\ 7777777777777777 ,/

35



OFC

New Technical Report TR.ION-aiDC

That is “Optical technologies in ION-2030 for
data centers optimized for Al”

Overview of current DCIl and DCN
architectures and their issues in scaling in
energy efficiency, capacity and computational
power, due to the introduction of Al

Optical technologies to face these open
issues, including, but not limited to, OCS,
optical transceivers for DCI and optical
transceivers for DCN

Requirements and developments requested to
these technologies to meet the growth of
traffic and computational power due to Al

Impact of other relevant aspects (DCA, control
and management, monitoring, security, ...) on
optical technologies
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Summary of major topics in Q7

New Recommendation L.405: Pre-connectorized cabling components

— Optical cabling components with factory-installed optical connectors are newly created in 2025.
This Recommendation describes applications and general requirements for pre-connectorised

cabling components.

Enhancement of maintenance-related Recs. and utilization of DFOS technology

— In the revision of L.391 “Monitoring systems for outside plant facilities”, freezing is added to the
category of disaster, and DOFS technologies have added as a disaster monitoring method.

— Similarly, the revision work of L.302 “Optical fibre outside plant maintenance support, monitoring
and testing system” has started to catch up with current technology trends, including the possibility

of using DFOS technology for

Optical network infrastructures sharing

— In the new L.nis “Practical considerations for network infrastructures sharing”, network
infrastructure sharing is describing as an effective way to accelerate construction of
telecommunication networks with low cost.
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Details of L.405 (ex L.pcc)

Preconnectorised components include housings, modules,
closures, cable assemblies and terminals, which are factory
terminated with connectors. Homogenization of field connectivity

and fast / skill-less construction can be expected.

Pannel
module

MDU

Precon drop

Stubbed terminals

hardware

o) ) [ 53"
5 E} L) e Drop LY e

TX/RX
@ ™ n X X
| OSPCable \2Y/  0SPCable \2Y/
Splice splitter  LCP NAP NAP Sub

Splice
D Indoor
ro|
Aerial/Duct/Direct Buried Cable —P‘ -+ Cab::—ﬁi—ﬂrﬂp *|
Cable

Module Cross-Connect

|‘7 Indoor Cable —b{ 4———Indoor/Outdoor Cable —447

—p‘i— Distribution —» ‘*"_ Drop4>‘ H:,r:-.--,e |

Feeder

|4 — Central Office fHeadend =I='-.
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Actual use of DFOS technology is steadily progressing

L.391: Monitoring systems for outside plant facilities

L.316: Cable identification for the construction and maintenance
of optical fibre cable networks by optical sensing techniques m ) added DFOS for a disaster monitoring

M ®) introduced DFOS for a cable identification

A method for grasping various network damage situations is
expected as a future DFOS application.

Central office o B
— Hitting % e
B
).F 2 MH cover ) :
equipme _ S : : ; o |
: L Flood Fallen trees Snow damage
| - - ‘
_----,_/ T 1 o ——— L.302: Monitoring systems for outside plant facilities
osure
Under revision ®) considering DFOS for a network monitoring

“Digging” detection is a possible application of DFOS.

M\WW'M!\‘\ ,‘”‘MWWWW = bigging 1 Notification

. Intensity No signal

Tirge Tigie \/
= P, - DFOS @ éa
equipmept axxo»

Cable route identification with DFOS Rush to the construction
Vibration ) )
site to supervise 39
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Summary of major topics in Q8

New Recommendations for Ocean Scientifique Monitoring
consented:
— G.9730.1 “Dedicated scientific sensing submarine cable system”

— (.9730.2 “Scientific monitoring and reliable telecommunications submarine
cable systems”, SMART cables

Restructuring and Revision of existing Recommendations under
Q8 according to introduction scientific sensing capabilities

— Revision of G.971, G.972, G.976, G.978 and G.sup41.

— Start the study of New Recommendation G.9730 "General features of optical
fibre submarine cable systems with sensing capabilities".
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Introduction of scientific sensing functions

I.and portion (1004) Submarine portion (1005) I.and portion (1004)

el —
| | ot

[
-1

A

Repeater with
sensor subsystem (2058)
or scientific subsystem (2059)

TTE CTE CTE TTE
(1010) (1014) (1014) (1010)
A A
Optical BT Opticgl
submarine (1022) submarine
repeater repeater
(1020) (1020)
MC SDPS PFE fl_(I)JGJ;S) PFE SDPS MC
(1012) (1072) (1013) (1013) (1072) (1012)
Sensor (1069)
I Optical fibre submarine cable (1019) or sensor set (1071) S_UITB
(1068)

Optical fibre land cable (1018)

Optical fibre station cable (1017) Sensor (1069)

Electrical cable or sensor set (1071)

O Optical interface (2009)
¢ Swystem interface (2008)
NOTE 1 — A denotes system interface
NOTE 2 — B denotes landing points or beach joints (1006)

NOTE 3 — Numbers in brackets relate to [ITU-T G.972]
NOTE 4 — BU only for sensor sets is related to [ITU-T G.9730.1]

S.971(24)_FO1c

Sensor set: A group of co-located sensors consisting of at least one temperature sensor, one pressure sensor, and three
accelerometers (each sensing one axis)

SDPS: Sensors Data Processing and Storage

UJB: Underwater Junction Box 41
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WP2 Summary

€ Multi-core fiber standards are being developed with
IEC SC86A, SC86B, and SC86C

€ Network sensing technology is being studied
intensively in both terrestrial and submarine as well
as in the maintenance of outside plants

€ Hollow-core fiber is becoming another emerging
technology
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What are some characteristics of a transport network”?

Convergence

* A network operated to carry multiple service networks efficiently

Efficiency

e A network that typically includes layer 1 or layer 0 switching, reducing total
cost by switching as close to the media as possible (aka “router bypass”)

e Transport network encompasses both metro and long haul

What does any of that have to do with Al???
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Using Al to operate transport networks

Al can be (and is!) used for:

— Predictive maintenance and analytics
— Intelligent automation and self-healing
— Optimized traffic configuration

— Optimized network synchronization configuration (e.g., timing reference
selection, holdover management, ...)

— Enhanced network security

Related work:

— Q14/15 YANG models provide the data for Al to use

— Q14/15 work on digital twins and enhanced network operations
— Q13/15 work on sync in data centers
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Transport network applications in DC connectivity

Data center

| , Wy Note: Other SG15 technologies sl
i : =4 and work items DO have ' :
i : e . application here — ; e
Nl m v v :
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Scale across connectivity
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Related work in Q11/15 and Q12/15-B1T OTN

Updates to G.709.1, G.709.6, G.798.4, G.872

New FlexO path layer optimized for Ethernet clients, based on FlexO frame
format and Ethernet-to-FlexO-xe client mappings

New FlexO-xo section layer to support the new path layer, with minimally higher
bit rate than FlexO-xe

Strong FEC to support distances of ~1000 km
Bit rates ~1.2T and ~1.6T
Frame formats may be approved in 2H26 (Q11/15 meets this month)

FEC and DSP aspects under study, with consideration of work being done in
other SDOs (e.g., OIF)

Architecture updates related to the new path and section layers
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Technical Report on ION-2030 (led by Q12/15)

GSTR-ION-2030, Technical Report on . oy,
international optical networks towards o iy,
2030 and beyond, highlights Al as a key & Ful ",
trend for enhancing network operations & febilty "o,
— Al-native optical networks v N -
_ Digital twin S intelligence security 2
— Use of ROADMSs/OCSs in data center

networks

— Energy efficiency

%
Energy = Integrated
ITUPublications International Telecommunication Union efficiency g sensing
Standardization Sector ~
v 4
£
Yinbiljey
ITU-T Technical Report
1072025 Service- - &
(10/2028) Y ornied Pl &
(& M&C '
GSTR-ION-2030 %o éé”’
(g
. . i ] N Multi-level S
Technical Report on international optical “, granularity éa
networks towards 2030 and beyond %4,0@ &
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ION-2030 for Al & Al for ION-2030

* Sustainability + Connecting the unconnected -« Security and resilience « Ubiquitous intelligence

L 4
ION-2030 for Al:
Large bandwidth and coverage Low latency and jitter High availability and resilience
AT for ION-2030: E2E guarantee of QoS and QoE with automation, optimization, and protection
Service-assured access network Low-latency metro network High-capacity backbone network

Energy-eflicient intra-data-centre network
One-hop connection
Person & < _ @
= / T ]r“ =
Home @ OLT E:: AL DY LI
C

- = =
FTTO g m——F POD POD POD POD

Campus PON — N Dx\ / \// \ J [ S~—) ?

Al

OXC
\ \,~ \/ g
iM: . Far-edge Al / ;@1 _@_— _:@ é|i __I:_‘/:D EJ
arge E

enterprise OIN' 400G/800G/1.6Tb/s ... per X

P{MP AT AT & Al Al Al Al
. Edge-OTN
Power grid ﬁ & Near-edge AT Cloud AT

GSTR-ION-2030(25)
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|ION-2030 Al Native architecture

Resource management H Intent understanding ’ Agent
<>

Converged billing | | Fault management ’ Al reasoning Computing scheduling Model collaboration

Service
intelligence

Cross-vendor/Cross-domain orchestration/Operation and maintenance

Transport network «—» Integrated network .
management management and operations
Network performance optimization Intelligent fault location Active quality assurance
Oper Network optimization agent Fault tracing agent Quality assurance agent
intelligcence p & gag & g
Digital twin of optical network H Integrated sensing and optical network ‘ Computing power
o . Multi-dimensional perception of network elements o N

il il
Network —_— - ~—_ - —
intellicence —— — —_— r
= G- - G S
Native com puting power of network elements

GSTR-ION-2030(25)
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Other related work in Q12/15 and Q14/15

Active work on GSTR.ENO, Technical report on enhanced network
operations for transport networks

Potential additional work items related to Al, data centers, and OCS are
under discussion
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Network synchronization and time distribution
performance: application to Al Clouds

Enhanced Synchronization enables:

Consistent operation between distributed data
centres, minimizing latency.

Event logging; Diagnosis and analysis of problems
Regulatory requirements (financial)
Support telecom networks requirements

Improvements of the overall performance of
Artificial Intelligence and Machine Learning
(AI/ML), including reduction in power
consumption

— _

ToR/Leaf [0

ToR/Leaf 00

ToR/Lea 0O

Server A.l

Server B.1

Server C.1

Server D. 1

Server A. 2

Server B. 2

Server C. 2

Server D. 2

Server A. 3

Server B.3

Server C. 3

Server D. 3

Synchronization is an enabler to effective Al operation
and to advanced network performance monitoring
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How Q13/15 is addressing these needs

Analysis of Requirements and solutions in G Suppl.92

.

Data Center Network 1 End Applicaion] | pmesseecc——co——_ Accuracy rTE Typical applications
(&g Compure Mode) - f?t_]“ :'u_e:\_p_p_ o Class at Time between
} Syne Clock Time Sync
o End Application Time Clocks
Tame Syne Clock 1 Clock
NIC w/PHC " {e.g. CPUVGPU system
clock
= 1 Spsec Distributed databases
] 2 Tpsec High-Frequency Telemetry,
oble Applications profilingviamulti-
( Data Center Network 2 FERpT— P ——— ) node performance analysistools
(e.g.. Compute Node) : Softwane App :
Ty 3 200nsec Congestion control based on one
o End Applcation Tune way dELEy
Time Sync Clock 1 Clock
M N wPHC (e .:'rl;u:.'r system Time synchronized collective
= communication
I.- |I.:|.:
End Application 3 e n Table 1 = From ITU'T G SU pp|.92
{e.g.. Compuate Mode) . Softwane App ! e
Ty (modified as per WD13-17 (March 2026)
End Applscation Tane
o Time SyneClock [..j Clock
NIC wPHC ' (e, CPUIGPU system
clock)
-

ITUPublications Intematicnal Telscommunication Union
Recommaroations Sinmdandzation Secior
Supplement

ITU-T G Suppl. 92 (10/2025)

SERIES G: Transmission systems and media, digital

systems and networks

Supplements to ITU-T G-series Recommendations

Synchronization for data centres

CAU !
PREPUBLISHED RECOMMENDATION

replacod
prepubiication and th pubishad versaon

This prapUBAtion i & Uneded verion ol & rconty Bppeovid Recommandstion. It wil be
oy Fo published version afier edding. Therefons. thern will be dfierences betwean Ths

&9

Continuation of the work for an optimized multicast PTP profile (G.FTS-Lite) and new clocks

Work done in cooperation with other relevant groups (IEEE P3335, IEEE P1588.1, OCP Time

Appliances Project (TAP))
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WP3 Summary

€ Al is used to operate transport networks

€ Transport networks may be used to build out scale-
across connectivity for Al

€ Synchronization in data centers is a key technology in
Al applications
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Questions?
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