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Telecom Application Examples
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Verizon’s Fiber Sensing Testbed

Loces

Multi-vendor Fiber Sensing test
equipment tech trialson Loop O

Multi-vendor Coherent transponder Fiber
Sensing data collectiontechtrials on
DFW ROADM network (planned)

Field trial in 11 sitesin DFW

| 9 3

Legend 5
() Fiber Sensing Test Equipment]|

- UT ROADM Wavelength 1
—— UT ROADM Wavelength 2

- 3
VerIZOI'I ITU-IEEE Photonics Society Workshop, 5 July 2026



NEC FOSS System Configuration
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Fiber Sensing Use Case: Cable & Fiber Identification

|dentifying a cable ina manhole or afiber ina splice enclosure normally
requires two or more Field Engineers, one at the Central Officeandone
inthe field, relying on the accuracy of labelling/coloring whichmay are
may not be present or readable and/or the use of a visible light source

Utilizing fiber sensing equipment, a single Field Engineer can performthe
task simply by tapping on the cables/fibers and monitoring the phone
app for verification
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Fiber Sensing Use Case: Cable Mapping

Engineers started fromthe known manhole as a reference point...

f_:' Cable Identification
] (Using Hammer Dnll

Port 6 | Route6 BH 27.8km
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Fiber Sensing Use Case: Cable Mapping

..and gradually extended toward the targeted manhole step by step

The targeted manhole

was located with | : 3Gy i
approximately 31 m / © Whole Foods Market Fiber path after
(~100 feet) of slack T W Goftes : the SUEVEY S

fiber inside.
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Fiber Sensing Use Case: Cable Monitoring

Location
Details

Data stream from NEC FOSS equipment is processed by an Al { A | Risk
engine and events are categorized by risk level

Cable distance fromthe Central Office is provided along with
coordinates; mapped locationis displayed within the NEC Alert
Viewer EMSif route KMZs are uploaded

Highrisk items are emailed/textedto Verizon Field Engineers for
call out toinvestigate
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Verizon Requirements

* Dark fiber and in-service fiber

* Within DWDM band or out-of-band wavelengths
* No interference to service traffic

* High-resolution localization accuracy < 10 meters
* Fiber distance > 50 km

* Risk level assessment methodology

* Timely risk alert to operations team

Cost reduction through industry standards to enable mass deployment
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High Equipment Cost Hinders Mass Deployment
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DFOS Standards Ecosystem

Sensing Industry Telecom Industry

SESsoE @

Fiker Qptic Monioring Growp Flbv.".r Optic Sensing
Assacmtmn
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Operations, test, measurements, education End-to-end standards for telecom
* Promotion, awareness, education (FOSA) ITU-T Study Group 15

* Parameter definition and test procedure (SEAFOM, IEC SC86C) * Question 2 (optical access)

* DAS terminology and definition (IEEE 3101-2023) * Question 6 (metro, long haul)

» Site acceptance tests in power cable industry (CIGRE) * Question 7 (fiber & cables)

* Question 8 (subsea)
FSAN: Optical access network requirements
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DFOS Technologies in Telecom Networks
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Ref: J. S. Wey, “Distributed Fiber Optic Sensing (DFOS) in Telecom Networks: Industry Trends and Standards Development,”

invited, J. of Lightwave Technol., Aug 2025. 10.1109/JLT.2025.3597 192
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Overview of DFOS Technologies

Localization accuracy <10m
Fiber reach ~10s km Fiber reach: no limit
From fiber to disturbance > 30m From fiber to disturbance: unknown

Standalone DFOS system “Build-in” DFOS functionality
Pass through inline amplifier: no/—/Hass through inline amplifier: yes

Backscattering DFOS Feedforward DFOS

Localization accuracy 10s of km

Brillouin Rayleigh

(DSS, DTS) (DAS, DSS) Unidirectional and Bidirectional

Amplitude Polarization

verizon Adapted from presentation by B. Buscaino, OFC 2026 Panel “From Access Fiber to Awareness
Grid: Deploying DFOS for Security, Reliability and New Services” B



Fiber Sensing Standards inITU-T SG15
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G.681 Recommendation

First DFOS standard for in-service
terrestrial optical networks (Nov 2025)

System Configuration:

» Backscattering DFOS

» Feedforward DFOS: informative Appendix
Fibre type: G.652, G.654, G.657
Wavelength allocation

Optical interface parameters

References:

+ J. S. Wey, “Distributed Fiber Optic Sensing (DFOS) in Telecom
Networks: Industry Trends and Standards Development,” invited,
JLT, Aug 2025. 10.1109/JLT.2025.3597 192

» Y. Wakisaka, et. al, “ITU-T G.681: the first distributed fiber optic
sensing (DFOS) standard for in-service temrestrial optical
networks,” JOCN Sl on fiber sensing. 2026.
10.1364/JOCN.586758

verizon

Backscatter DFOS: OOB, counter propagating

DFOS-3k0 for
 signals going =

! DFOS-RbBO for

signals going €
- =

Opt lmk

AN

(WM

Processing, T
Storage and Xdles
other Rtyie
Functions
DFOS systern head-end
™ L
Bx, |
=5 e
=] E Rx-
£ 2 -
L
Txy [
Bxy

o

0D 4t

Backscatter DFOS: In-band, counter propagating

DFOS-5bi for

signals gomng =
1

DFOS-Rb0 for

Processing, —
Storage and L gpus
wother Rt
Functions

DFOS system head-end

signals going €
-
! O lik

DFOS-5b1 for DFOS-5b2 for
signals going = signals going = DWDM network
element
-4 | Oy 1 @ 1 .
] OM ! } .
g I 1 L
{DFOS)
DFOS-Eb1 for DFOS-Rb2 for
/ signals going € signals going €
DFOS-5b1 for DFO3-5b2 for
signals going = signals going =»
1 l: i :| ) 1
on (et —s OM

1
DFOS-Eb] for

Bx,
EE
g | ®=
2é

R}ﬁ.\'

signals poing €

d

DFOS-Rb2? for
signals going €




Nonlinear Interference from DFOS to DWDM signal

G.Dfos testbed setup

32.8 ps signal duration, BPSK code
repetition rate: 1580 Hz

193.4 THz Ppeax = 18.9 dBm
Acoustically isolated
chamber
50km 8m _
; (@) { @) 50:50
(/)voA
33 GBaud Data path %
QPSK, dual-pol. Pyyg = 8.2dBm Noise
193.5 THz/ 193.6 THz loading

90:10

OSNR
measurement

—12.46 dBm

XPM dominant nonlinearity induced BER errors in
co-propagating scenario

Tests performed by ADTRAN

Ref: Y. Wakisaka, et. al, “/ITU-T G.681: the first distributed
fiber optic sensing (DFOS) standard for in-service temestrial
optical networks,” JOCN Sl on fiber sensing. 2026.
10.1364/JOCN.586758
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Nonlinear interference from DFOS to DWDM signal

Simulation setting: XPM from DFOS pulse introduces sharp carrier phase slips on
* 40x 400ZR transceivers, 75 GHz adjacent co-propagating DWDM channel

spacing * Negligible XPM penalty in counter-propagating scenario
« DWDM channel under test: 193.6 THz — P Y propas 9

(Center Channel) Recovered Carrier Phase
* DFOS signal frequency: 193.6 THz + 058 .

75GHz o %se slip by XPM

* DFOS probe pulse: 10ns duration,
17dBm peak launch power (typical).
Linewidth of 10 kHz, 1 MHz, 10 MHz 0
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Feedforward DFOS
G.681 Recommendation

* In scope
 In aninformative Appendix
» Not specified in the first release

TR.fsc Tech Report

» Use cases

« Technology analysis

» Potential path to standardization
« Target agreement at this plenary
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Interface Specification (in-band, counter propagation)

Parameter | Unit | Value Parameter [ Unit | Value
General information nterface at pOiIlt DFOS-Rb1
Fibre type = G.652, G.654, G.657 Max DFOS signal peak power dBm sba
. . . 191.5 for (C)
Allowable sensing distance m sba Min DF tral fi THz
: — in DFOS central frequency 186.0 for (L)
Interface at point DFOS-Sb1 196.2 for (C
- Max DFOS central frequency THz or(©)
Max DFOS signal peak power dBm sba 191.5 for (L)
) 191.5 for (C) . +12.5 for 50 GHz grid
Min DFOS central frequency THz a0 i) Max DFOS spectral excursion GHz 125.0 for 100 GHz grid
196.2 fi i i i
Max DFOS central frequency THz 96.2 for (C) Max duration of DFOS signal on-time ms sba
191.5 for (L) Mean power of DFOS signal during B b
Max DFOS ral . GH +12.5 for 50 GHz grid off-time m Sha
ax spectral excursion ) 5.0 for 100 GHz grid Max impact to DWDM channel
- - - required OSNR in the presence of dB 0.1
Max duration of DFOS signal on-time ms sba DFOS signal
Mean power of DFOS signal during dBm sba Max impact to DWDM channel
off-time sensitivity in the presence of DFOS dB 0.1
Max impact to DWDM channel signal
required OSNR in the presence of dB 0.1
DFOS signal

verizon

sba: specified by application
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Interface Specification (OOB, counter propagation)

Parameter [ Unit | Value Parameter [ Unit | Value
General information Interface at point DFOS-Rb1
Fibre type — | G.652,G.654, G.657 Max DFOS signal peak power | dBm sba
Allowable sensing distance m <ba S-band wide: 1504.5-15175 (197.69—
199.40 THz)
Interface at point DFOS-Sbl S-band narrow: 15081514 (198.15—
Max DFOS signal peak power | dBm sba DFOS central wavelength nm | 198.94 THz)
S-band wide: 1504.5-1517.5 L-band: 1614-1617.4 (185.35-185.75
(197.69-199.40 THz) THz)
S-band narrow: 1508-1514 (198.15~ | e U-band: >1635 (183.49 THz)
DFOS central wavelength nm | 198.94 THz) onejzmlelra lon o signa ms sba
L-band: 1614-1617.4 (185.35— Mean power of DFOS signal B .
185.75 THz) during off-time m sba
U-band: >1635 (183 .49 THz) Max impact to DWDM channel
Max duration of DFOS signal required OSNR in the presence | dB 0.1
on-time ms sba of DFOS signal
Mean power of DFOS signal B b Max impact to DWDM
during off-time m sba channel sensitivity in the dB 0.1
Max impact to DWDM channel presence of DFOS signal
required OSNR in the presence | dB 0.1
of DFOS signal

verizon

sba: specified by application
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Backscattering DFOS

DFOS in Access Network

7\«DFos ONU
DFOS T P Tx
GSup88 System e [* i
Very High Speed PON (> 50Gbps PON) o
OLT Tx :

i Rx
i o ONU

Requirements: Rx [¢7] CEx Rx
* In-service ODN Co-existence Power
« No interference to service traffic element | splitter . T™x  ONU

+ High localization accuracy ' Rx

. 54_ Optical Distribution __!
Technology analysis: ! network (ODN) :
» Backscattering & feedforward DFOS

+ Direct & coherent detection Feedforward DFOS

Challenges:
Tx

» Splitter port differentiation Rx/DFOS
« ODN power splitter insertion loss
OLT Tx/DFOS | _ Tx

Rx <« Rx
Power
splitter Tx

Rx
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Closing Remarks

3
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Performance metrics
« Sensing distance: up to 50km without in-line amplifiers
« Localization accuracy: less than 10m

Interoperability
* Metro. LH, subsea: common interface requirements
« Access: common operating requirements and interop

Deployment guidelines

« Reduce equipment cost: DFOS on Line Card... pluggable module?

« Develop standards for control & management interface, data model, etc.

« Expand collaboration with other fiber sensing industry groups and research institutes

ITU-IEEE Photonics Society Workshop, 5 July 2026
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