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	1. Implementing
Next-Gen PON
Technologies over
Existing  Fiber
Infrastructure
Presented by
Steven Van Den Bergh, Nokia &
Guillaume Lavallee, EXFO
July 19, 2018
 


	2. About the FOTC
Part  of the Telecommunications
Industry Association
(www.tiafotc.org)
Mission: to provide current,
reliable, and vendor neutral
information about fiber optics and
related technologies for
advancing new and better
communications solutions.
2
 


	3. FOTC Members
• AFL
•  CommScope
• Corning
• EXFO
• Fluke Networks
• General Cable
• Legrand, NA
• OFS
• Panduit
• The Siemon Company
• Sumitomo Electric
Lightwave
• Superior Essex
• VIAVI Solutions
 


	4. Important Notice
Any product(s)  identified or identifiable via a trade name or
otherwise in this presentation as a product(s) supplied by a
particular supplier(s) is provided for the convenience of users of
this presentation and does not constitute an endorsement of any
kind by TIA of the product(s) named. This information may be
provided as an example of suitable product(s) available
commercially. Equivalent product(s) may be used if they can be
shown to lead to the same results.
 


	5. www.apolanglobal.org
The Association for  Passive Optical LAN is a
non-profit organization composed of
manufacturers, distributors, integrators, and
consulting companies who are actively
involved in the Passive Optical LAN
marketplace.
Mission:
The Association for Passive Optical LAN
advocates the education and global
adoption of passive optical networks for the
local area network marketplace.
What is APOLAN?
 


	6. www.apolanglobal.org
Who are APOLAN?
  


	7. Passive Optical LAN
Evolution  to Next-Generation
PON technologies
 


	8. Checkpoint Question
What is  your familiarity with
Passive Optical LAN?
a. Expert: Technical and marketing
expert.
b. Mature: Firm understanding of
POL
c. Moderate: Understand some
POL technology or markets
d. Basic: Some understanding of
POL.
e. Beginner: This webinar is my
first exposure to POL.
 


	9. Passive Optical LAN  - Recap
1. Central Sw itch
OLT = Optical Line Terminal
Installed in the main equipment room of the
building.
Connects the GPON network to the core network
(routers)
2.Vertical Fibrecabling
SM F= Single M ode Fibre
Recom m ended to use pre-
connectorized fibres (no splicing)
Vertical part can be resilient (2 paths,
active-standby)
3.Optical Splitter
Fully passive equipm ent, no power consum ption
Replaces the equipm ent racks at floor level
Sm all size, can e.g. be installed on false ceiling
Typical 1 input for 32 fibre outputs.
4.Horizontal Fibrecabling
SM F
Typically, 1 fibre for 4 workplaces, replaces 4
long CAT6A cables.
5.GPONTerminal Equipment
ONT = Optical Network Term ination
Term inates GPON fibres and provides
standard GE connectivity to end-devices.
M anaged 100% by OLT (Central Switch)
Different m odels possible with different
interfaces, e.g. support for Power-Over-
Ethernet (POE).
Locally powered by default, rem ote
powering as option (with hybrid cable)
• POL is an innovative solution for Local Area Networking (LAN)
• It is based on Single Mode Fiber cabling & standard GPON technology
2:32
Multiple1G/10G/100Gto
corenetwork
 


	10. The Advantages of  POL
Active elements only at end-points (passive network can span up to 20km)
Reduced Power Consumption
PASSIVE
SPACE
CENTRAL
SECURE
COST
Get rid of technical rooms at floor level
High-density of end-points served from one central node
Reduced installation costs
Reduced operational costs
FUTURE
PROOF
Full network under control of central OLT
GPON offers additional security layer
Smooth evolution to higher speeds
with minimal impact on cabling
FOCUS OF THIS
WEBINAR
 


	11. POL Applicability
• POL  applies to many industry segments and LAN types
• Whenever long distances to be covered and many data points
needed, consider POL as a solution
Buildings Campus Networks Industry
• Universities
• Hospitals
• Airports, stations
• Sport stadia etc
• Enterprise (HQ)
• Hotels
• Governmental
• Manufacturing plants
• Retail stores
 


	12. PON Technology Evolution  (ITU)
2.5 Gbps
10 Gbps
40 Gbps
GPON
ITU G.984.x
2.5Gbps Down/1.25Gbps Up
XG-PON1
ITU G.987.x
10Gbps Down/2.5Gbps Up
XGS-PON
ITU G.9807.1
10Gbps symmetrical
TWDM PON
ITU G.989.x
4 or 8 wavelength pairs,
each with flexible Up and
Down rates (10Gbps or
2.5Gbps)
Max split ratio 256
Optical budget 29, 31, 33, 35 dB
Max split ratio 128
Optical budget 28 & 32 dB
 


	13. PON Technology –  Band Plans
1260
l
(in nm)
GPON
up
GPON
down
XGS PON/XGPON1
up
XSG PON
XG-PON1
down
CATV
1280
1290
1330
1480
1500
1550
1560
1575
1580
1300
1320
TWDM PON
Up
TWDM PON
down
1596
1603
1524
1544
• Different PON generations use separated wavelength bands, hence the
technologies can coexist on the same fiber plant
• ONT and OLT implement filters that remove unwanted wavelengths
NOTE: XGS-PON and XG-PON1 use same wavelengths, but dual-rate optics allow to
support both on the same network
 


	14. POL - Evolution  to NGPON (1)
GPON
OLT
ONT
2.5Gbps
1.2Gbps
Central Equipment Room
1. POL deployment based on GPON
Passive LAN (up to 20km for 32 split)
 


	15. POL - Evolution  to NGPON (2)
GPON
OLT
ONT
2.5Gbps
1.2Gbps
Central Equipment Room
CEx = Coexistence Element (G.989.1)
XGS PON 10Gbps
10Gbps
2. Add 10G capability to the LAN
3. Add/Replace XGS-PON ONTs
3
3
3
CEx
Add CEx
1
1
Add XGS-PON ports
2
2
No impact at all on passive network
 


	16. POL - Evolution  to NGPON (3)
GPON
OLT
ONT
2.5Gbps
1.2Gbps
Central Equipment Room
CEx
XGS PON 10Gbps
10Gbps
OTDR
OTDR
3. Optionally, central OTDR test signal can be added to Cex
(for large campus networks)
 


	17. POL - Evolution  to NGPON (4)
GPON
OLT
ONT
2.5Gbps
1.2Gbps
Central Equipment Room
CEx
XGS PON 10Gbps
10Gbps
OTDR
OTDR
WM
4x10Gbps
TWDM PON
4x10Gbps
CEx = Coexistence Element (G.989.1)
WM = Wavelength Multiplexer (G.989.1)
4. Future Option: Add TWDM wavelengths
(add more 10G wavelengths when needed)
>50Gbps on unchanged passive LAN
 


	18. The Flexibility of  POL
• A POL network offers full flexibility to adapt the topology to
the service needs when introducing NGPON technologies
Dedicated PONs
versus overlay
Dedicated OLT
(per techno)
versus converged OLT
Flexibility of split ratio
(higher split ratio for XGS PON)
 


	19. Checkpoint Question
Do you  consider Passive Optical
LAN as a solution for you LAN?
a. Yes, it fully addresses the needs,
based on existing GPON technology
b. It addresses the needs with GPON
today, but an evolution to NGPON
will be required within a few years to
cope with additional service
requirements
c. 10G capabilities are key to be
considered a true solution for my
LAN
d. No, I do not consider POL a valid
solution for my LAN
 


	20. Conclusions
• Deployment of  Single Mode Fiber in buildings in
combination with POL technologies provides a future-
proof network for decades to come.
• An increase of LAN speeds can be achieved without
impact on the cabling infrastructure, only end-point
electronics need update
• The evolution is smooth and not disruptive, as different
technology generations coexist on the same network.
• POL is built on standardized mass-market PON
technologies, ensuring attractive price points for 10G
LAN networks when NG-PON take-up accelerates
 


	21. POL: Best Testing  Practices
 


	22. ›POL is the  evolution of FTTH
›Testing tools were developed for FTTH/GPON since
2002, now used for POL
›Testing is similar to CAT but with optical devices
›Hundreds of NSPs have successfully deployed their
networks using automated & intelligent test tools
›Use the expertise gained over the years in FTTH and
avoid pitfalls
›Deploy quality networks, on time and within budget
thanks to proper testing tools and MOPs
Build POL with proven and mature
methods
 


	23. Fiber Architecture in  POLs
In-building cabling with SM fibers
GPON using optical splitters
Riser Cable
Ribbon or multiple fiber
FDH
FDT
FDT
FDT
Fiber Distribution Terminal
FDT
Fiber Distribution Hub
FDH
Fiber collector
ONT
 


	24. 4 Important Reasons  for Testing
§ Fiber optics always require cleaning and assembling multiple pieces
together which increases risk of problems and network failures
§ To confirm the entire fiberoptic structure is fine before finishing the
construction phase
§ To ensure that transmission-system
requirements are met (design,
standards, loss budgets, etc.)
§ To avoid delays during system
turn-up, and costly repeat jobs
 


	25. Recommended Testing Tools
Connector
Inspection
Fiber  characterization
OTDR/iOLM/OLTS
Reporting
1
2 3
4
Service Activation PPM
POL deployments
 


	26. Weaknesses in FO  Networks
80%
10%
10%
Dirt
y /d
amage
d o
pti
c a
l con
necti
on
Macrobe
nd
s
Othe
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tter
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	27. Why Inspecting Connectors  is Important?
Not only because it’s nice to have clean connectors!
§ Direct impact on BER, IL, ORL
§ System performance
§ Network reliability
 


	28. Connector Endface
Core
0-25µm
Contact
130-250µm
Adhesive
120-130µm
Cladding
25-120µm
Non-critical
zone250+µm
Zones Scratches  Defects
A: Core None None
B: Cladding
No limit ≤3 µm
None >3 µm
No limit <2 µm
5 from 2–5 µm
None >5 µm
C: Adhesive No limit No limit
D: Contact No limit None ≥10 µm
Connectors are divided in zones with
different tolerances
 


	29. Connector Endface
• Using  an analytical software guarantees a uniform level of acceptance
according to industry standards:
 


	30. Fiber Characterisation
§ Optical  loss test sets
§ Units combining both a power meter and a light source
§ Units need to be used in pair, one remote and one master
unit
§ Measures:
§ Insertion Loss (IL)
§ Link Lenght
§ Optical Return Loss (ORL)
 


	31. Loss Measurement
§ Usually  the network engineering of a POL system is based
on predicted loss of each event:
§ Fiber loss
§ Splitting ratio
§ Splices
§ Connectors
§ This predicted loss could be certified with a field
measurement using OLTS.
§ If the loss is not within the limits, an OTDR/iOLM would be
used to identify the source of excess loss.
§ It is common practice to run OTDR/iOLM only, especially
because the accuracy of iOLM is equivalent to OLTS
precision.
vs.
 


	32. Checkpoint Question
What do  you use for loss
measurement and fiber
certification?
a. Power Meter and Light
Source
b. OLTS
c. OTDR/iOLM
d. Combination of OLTS and
OTDR/iOLM
e. We are currently using OLTS
but consider eventually
using OTDR/iOLM
 


	33. OTDR/iOLM
- NO REF  required
- High accuracy and high resolution
- Intelligent GUI makes it easy to use
- Characterize + find problems right away!
LS/PM
- Overall IL
- How good is your reference ?
- How good are your jumpers ?
- How accurate is your measurement ?
OLTS
- Fast and accurate
- Controlled reference and results
Where/what is the problem ?
OTDR/iOLM
Fiber characterization
 


	34. Live Network Troubleshooting
•  OTDR SM live port using 1625nm (out-of-band)
• Troubleshooting on active networks (live fibers)
• Filtered port to block incoming signal
• No interference with other active users in the network
• Accurate fault location using multipulse OTDR technology
Construction
1310/1550nnm
Troubleshooting
1625nnm
 


	35. Macrobend detection: Higher  loss at a
higher wavelength
1310 nm
1550 nm
1625 nm
OTDR OTDR offline iOLM
 


	36. OTDR/iOLM to Locate  Problems
• OTDR/iOLM Technology is prefered method to find and fix problems
• Short distances, high loss and multiple components require a combination of multiple
OTDR pulse widths
• Complete report with Pass/Fail verdict and link view for documentation is important
 


	37. Why would I  need a PON power meter?
PON Power Meter for service activation
• Pass-through connection allows the ONT and OLT to
communicate with each other so all signals are present.
• Filtered detectors, permitting individual measurement
of each wavelength
• Burst mode detection on Upstream up to 10G
 


	38. Checkpoint Question
What are  your test
reporting practices?
a. We do not produce test
reports
b. We use PDF/Excel reports to
get paid
c. We currently have a system
to manage test results and
perform analytics on them
d. We plan to have a system to
manage test results and
perform analytics on them
e. Not Sure
 


	39. Reporting
  


	40. Recommended Test Approach
Provide  complete optical training
Create your MOP
Best practices during
construction
Connector inspection
Fiber characterization – First-time right
Documentation
Specify the information you
need in the close-out package.
Provide your team with proper MOPs to ensure
consistency of results across different teams.
2
3
1
Fundamental (101: how fiber optic works and how to test) and hands-on training
4
 


	41. Thank You
Questions?
To receive  your CEC email
liz@goldsmithpr.com
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