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Trends and Challenges of FMEC

1.1 Growing Requirements on Higuality Services

1.2 The Convergent Services Trend

1.3 Challenges Faced by FMEC Network Construction
1.4 Summary

1.1 Growing Requirements on High -Quality Services

Broadbandlays a vital part imur work and daily liveslts importancéasled to users
prioritizing service experience and qualignd as a resultarriersare alsahifting their focus
to service qualityn order to align with this trend

Premium Private Line

Government and enterprise private lines yield much more than mobile services and home
broadband services, making them a highly sought after value proposition ferc&uch
private lines do, however, place greater demands on infrastructure net@woekst the

reasons for this is thatffierent industries havepecific qualityrequirementdor private line
services. Foinstancethe finance industryalueslatency whereaghe governmengalues
reliability, both ofwhich differ significantly tdarge enterprises or Internet O TiFat

prioritize self-service experience.

Carriers need to provide fiviar private lines to cater to usémm differentindustries.To
measure thishe Next Generation Optical Transport Network Forum (NGl@&syesearche
and releagithefive-star private line indicatpwhich redefines network KPIs of enterprise
private lines from five dimensions: high availability, assured bandwlimth|atency and jitter,
service agility, and online sethanagement.

IssueV1.0 (202103-15) Copyright© Huawei Technologies Co., Ltd 1
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Figure 1-1 Five-star indicatofor premium private lines
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Service agility
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» Service rollout in minutes the physical limit
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Quiality to the Cloud

The trend ofmdustry digitizatiorcoupled with theCOVID-19 outbreakhave caused
businesses to migrate their seps to the cloud to facilitate working and learning from home.
The cloud computing market is expected to rdd88350 billion by 2023, according to
Gartner.

Enterprise private line servickavegradually evolvd from theconventionaHQ-branch
structure ® HQ-cloud-branch widening the carrier market femall and mediursized
enterprises. Higkend industry customergluethe reliability, security isolation, low latency,
convenience, and flexibility of cloud services.

Figure 1-2 Private line cloudification requiremts
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Premium Home Broadband

Video services are a basic service on home broadband networks, and the demand for them
will only increase as 4K, 8K, VR, AR and ultra HD become more widespheadrding to
Omdia's latestorecast videos will account for 82%f all Internet traffic by 2022, and 100
million minutes of videos will be transmitted through networks every second.

HD videosdisplayrich imageghatare very immersive, but thejsocausehigh traffic. Thee
demandsn the bearer network are reflettia the bandwidth, latency, and packet loss, rate
which in turnmust use an architecture wahower convergence ratio to achieve drap
service transmissiaiat is stabl@ndprovideslow latency to ensure smooth video playback.

Table 1-1 HD video quality requements

Indicator Fair-Experience Phase (4K) | Comfort -Experience Ideal -Experience Phase
Phase (8K) (12K)

Type 4K live | Weaki | Stronginte | Weakintera | Strongintera | Weakinterac | Strongintera
streami| nteracti | raction VR | ction VR ction VR tion VR ction VR
ng on VR

Bandwidth | 54 O 600 80 [O 120 [O 130 |0 420 |06 540
Mbit/s | Mbit/s Mbit/s

Latency 20ms |O 200 20 [O 20 MO 20 MO 15 mO 8 ms

Packet 16 |O BHBE|O HBE |O &HE O BE O BE O TE

Loss Rate

1.2 The Convergent Services Trend

As our demands bredke traditional boundaries of mobile and fixed communication, and
enterprises continue to integrate communication, IT, and cloud, a growing number of carriers
are launching thEMEC service to expand their service boundaried attract highvalue

customes. Convergent services include services that bind mobile communications, fixed
communications, and entertainment for individuals and families, and services that bind
communications, IT, and cloud services for enterpriséelibuild afully connected wdd.

Individual users generally pursue ubiquitous connection, breaking the traditional
boundary of mobile communication and fixed communication requirements. A single
servicecannotgenerate enough user loyalty to prevent users from switching setvites
apackagehatincorporaésMBB traffic, home broadband, and video services is
neverthelesattractive.

With thecloudbased transformation of enterprise usersgradualconvergence of
communications, IT, and cloud service requirements, communicatiorecoonsgrow
in importance onceervice systems are migrated to the cloud. Mdduilé remoteffice,
and cloudbased operations become new working habits. Majhe users require
unified ICT services.

Carriers that provide onlyingleservices are inferor in the market. Under this global trend,
convergent services have become a prevailing trend. By 2025, over 90% of top carrier
networks will be constructed with FMEC, and almost all of these carriers will develop FMEC
services.

IssueV1.0 (2021:03-15)
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Figure 1-3 Proportion of FMEC networkonstruction for 241 top carriers

2015 2020 2025

Source: Huawei survey and forecast2¥i top carriers

Convergent services will bring the following advantages to carriers:

Expand business boundaries and increase revenugeek new business opportunities

in a saturatg market. Mobile carriers vigorously develop broadband services, and fixed
network carriers vigorously develop private line services to become comprehensive
carriers boostrevenue growth, angtrengthen thesk resilience of enterprises

Enhancecustomerexperience andooostcustomer loyalty: The onestop package
integrates all services to efficiently enhance customer loyalty and boost customer
experience.

Improve operation efficiency andcut operation costs Reuse existing infrastructure
for multiple puposes orthe samenetwork to maximize the value of carriers' networks,
improve network resource utilization, acdt network operation costs.

1.3Challenges of FMEC Network Construction

Carriers have a lonrgtanding tendendy use the separated network comstion modevhen
single serviceare developethto FMEC servicesThis means thanobile services, enterprise
private line services, and home broadband services are developed separately and form
independent networks.

Figure 1-4 Conventionateparated network consttion mode

FBB 2B

Campus -& 2H

Enterprise -@ 2C
5G ((21_\1))

As the network scales up and service develeqm reachea certain stage, trenventional
separated network construction mode faces the following challenges:

High network construction costs

The consumptionf optical fibers and equipment nmaresourcess high If the optical

fibers and equipment room resourcesiaséfficient the network cannot telly

covered. The costs for deploying or leasing optical fibers and equipment rooms are high
while networking multiple sets of equipment alsoreasepower consumption.

IssueV1.0 (202103-15) Copyright© Huawei Technologies Co., Ltd 4
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Complexnetwork maintenance

Separated network construction resultglisjointedresource management, difficult
resource sharing@ndslow O&M responseOn top of this maintainingmultiple
networksis demandin@ndcostly

Difficult coordination between bearing and coverage

Due touncertainservice development, higralue areas cannot be accurately identified,
andthenetwork coveragef these areais insufficient For example, in hotspot areas,
services develop rapidly, netvkotraffic is heavy, and devices are frequently upgraded
and expanded. As a result, auxiliary facilities such as equipment rooms, optical fibers,
and power supplies cannot be supplied in time, affectingtemg service development
and user experience.

If the separated network construction mode is still usethéolargescale development of
fixed broadband (FBB), mobile broadband (MBB), and private line sendgoasjderable
investment will be wasted, and the flexibility and scalability of network coctsbn and
service access will be severely restricted. As a ragéts cannot enjoy the services they
need

1.4 Summary

Carrier infrastructure networks face a number of new challenges along with the high
requirements of services on bandwidth, latencerjitieliability, and security, as well the
development of convergent services for carriénstop of thiscoss, a limitedbudget, and
operation restrictionmakeit almost impossible to provide a basic bearer network for each
servicetype. Carriers nee build a highquality and scalable bearer network for FMEC to
quickly develop integrated servicasdprovide highquality experiencéo remain
competitivein a fully-connected world.

IssueV1.0 (202103-15) Copyright© Huawei Technologies Co., Ltd 5
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Edge OTN: Optimal Choice for FMEC
Network Construction

2.1 Edge OTN Architecture
2.2 Precise Network Deployment Based on FNgiue Areas
2.3 Summary

2.1 Edge OTN Architecture

Networking Architecture

Edge OTN consists of aggregation sites, access sites, and the corresponding management and
control system. It supports muftervice bearing and off@p connection from an access site
to an aggregation site bwild a flexible bearer network.

Networking Architecture Requirements

Edge OTN needs to use the dmep connection network architecture from an access site
to an aggregation site. Such architecture has the following advantages:

i Ondemand precise bandwidtixpansion

For hotspot siteshat suffer from poor bandwidtturing service development, you
only need to expand the capacity of hotspot sites without changing intermediate
nodes. In this way, you can quickly expand the network capacity and protect
investmaent.

T Path with optimal latency

For latencysensitive private line services in finance, securities, and aatiivee

DCs, low latency is the core competitiveness. Latency is generated by optical fibers
and device forwarding hops. The elmep connection ardtecture can reduce the
number of device forwarding hops to achieve optimal latency.

Bearer Technology Requirements

Edge OTN uses the OTN/Liquid OTN bearer technology to encapsulate multiple access
services into an ODU/OSU pipe, simplify the netwsitte learer technology and
networking architecture, provide higjuality bearer channels of 2M to 100G+, and
maximize the value of access sites and optical fibers.

IssueV1.0 (202103-15) Copyright© Huawei Technologies Co., Ltd 6
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Figure 2-1 Edge OTN architecture
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Functions of an Access Site

Deployment in any environmenthe network lgation of an access site is ldying, and
therefore providing an equipment room is a challefigeavercome this issu¢he access
site needs to support indoor and outdoor deployment.

Highly integrated equipment: The equipment ragpaceat an access siteinsufficient,
and as a resulgptical and electrical subracks need to be integrated into one subrack to
save space.

Access of any service: Private line services have a wide range of bandaggtiof
which are smaligranularity servicesyith 90% ofthembeinglower than 100 Mbit/s.
Some serviceshoweveruse traditional E1 interfaces (2 Mbit/§).contrastenterprise
cloudificationhas resulted imcreasing larggranularity GE/10GE private line services.
On top of this 100GE highspeed ports arused for inteDC synchronizatiomas data
centers (DCs) move downwardeherefore, Edge OTN must haaeaccess capability of
2 Mbit/s to 100 Gbit/s to meet different service bandwidth requirements.

Highly efficient and reliable bearer pipes: The bandkwiaf some services (such as

private line services) i®werthan 100 Mbit/sMeanwhile the carryingefficiency of
smallgranularity services needs to be improved, and the physical isolation requirements
of high-quality services must be met.

Simplified O&M: Since there are a large number of access sites, intelligent and
automatic O&M capabilities are required to reduce OPEX.

Functions of an Aggregation Site

Strong environment adaptability: Supports outdoor deployment thieea isno
equipment room.

Devices with largecapacity grooming capabilities: An aggregation site usually connects

to several or even dozens of access rings based on the site location. On average, the
bandwidth of an access ring reaches 50 Gbit/s to 100 Gbit/s throudiopr®nnection

to an aggregation site. In some densely populated areas, the bandwidth even reaches 200
Ghit/s or 400 Gbit/s.

100G+ line in the upstream directiddelivershigh-bandwidth DC interconnection and
long-term service development.

Bandwidth aggregation: Services multiple lowbandwidth ports of a ring can be
aggregated to a higbandwidth port for upstream transmission to decrease the port
density of uppetayer devices.

IssueV1.0 (2021:03-15)
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2.2 Precise Network Deployment Based on High -Value

Areas

If OTN devices arasimultaneouslylepbyed at all sites, FBB, MBB, and private line access
can be provideduickly, although it is costlyTherefore, Edge OTN provides a deployment
policy of "optical first, electrical later, and network construction based orvailyle areas".

In this way,more than 40% oinitial investment can be savaglieving the burden ocapital
and improving ROI.

The goal of FMEC network construction is to flexibly adapt tesativice development
requirements, but not to migrate all enterprise services on the liverkeb the new bearer
network. Carriers require that the new network fully protect existing netweestment
However FMEC may facehallengesn a new service fielcdbutcarriers hope that they can
makebetterinvestment and flexibly cope with futuservice requirements.

When a convention® TN networkis being constructedhe optical layer and electrical layer
need to be deployed at each site. However, for mobile catn@re broadband and private

line services arthe maincause ofraffic for bandwidth upgrade on an access ringt these
services are uneven on the access ring. On an accesandibgsed on the distribution of

people and business buildings, only sites in some areas have access points that need to be
covered by home broadbandmivate line services. These sitedich are also known as
integrated service access areas{8@s), account foapproximateh20% to 30% on the

access ring.

For this reasarEdge OTN should adopt a brandw network construction mode called
"optical first, electrical later". In the initial phase of network construction, only the optical
layer is deployed to allow existing IP/SDH services to pass thrdumg protects investment
by reusingexisting devices. The electrical layer is superimposed on deamdydt
high-valuehotspotsites that require new AirPONnd OTN private line services. Sugh
network construction mode ideal forthe service development trentimplemening
stepby-step network investment, proldng the investment period of caers, achiewng
PAYG, greatly reduag the initial investment threshold, and impmay investment efficiency.

Figure 2-2 Edge OTN construction strategy: optical first, electrical later

Step 1: Gray wavelength hop by hop Step 2: Colored DWDM pass though
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IP/SDH IP/SDH IP/SDH IP/SDH IP/SDH oTN IP/SDH

Existing network No impact on existing network services Bandwidth increases on demand

The Edge OTN solutiokets carriers select different network construction maaesed on
network construction requirements and service planning in different phases.

Investment Concurrent Optical First, Electrical Later

Focus Optical/Electrical

IssueV1.0 (202103-15) Copyright© Huawei Technologies Co., Ltd 8
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Investment Concurrent Optical First, Electrical Later
Focus Optical/Electrical
Network The initial investment (oneff The initialinvestment is low and
construction cost | investment) is high. capacity can be expanded on

demand.
Service capability| Integrated services can be Integrated service access sites
developed at any site. (hotspot sites) need to be planne
Service This mode is recommended fori This mode can be used for both
development newnetwork construction. If new network construction and
period this mode is used to reconstruq existing network reconstruction.
an existing network, existing | This will not affect livenetwork
services need to be changed. | services

2.3Summary

From anetwork architecturperspectiveEdge OTN is based on the elnep connection
architectureandsupports deployment in any environment and access of any séralse
provides optimal latency and -@emand smooth capacity expansion céjies to cope with
10-fold or even 10&old bandwidth growthmaking it future proof fothe next decadé&rom
anetwork construction modgerspectiveEdge OTN effectively reduces initial investment
through the "optical first, electrical later, and netkwconstruction based on highlue areas
principle It is the optimal choice for FMEC network constructamnits flexible network
architecture can handle any potential issues regassingce development.

IssueV1.0 (202103-15) Copyright© Huawei Technologies Co., Ltd 9
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Key Edge OTN Technologies

3.1 Environment Adaptability Enhancement Technology
3.2 Hybrid Transmission of Gray and Colored Light
3.3 Liquid OTN Technology

3.4 HighPrecision Time Synchronization

3.1 Environment Adaptability Enhancement Technology

Thecondition of arequipment room at an access site is poor and lzacdisair quality
controlsuch as air conditionerso cope with these environmeniEsjge OTN devices need to
be more adaptable to such environments to prepessible device corrosion caused by
temperature, wet dust, or sulfidation.

To enhance the antiorrosion cagbility of devices, the corrosion failure mechanism of
electronic components amdnted circuit board (PCB)needs to be thoroughigsearched
Protection measures need to be taken at multiple lagpehsding cabinets, subracks, boards,
and componentso isolate key corrosion factors and block corrosion occurrence conditions.

Intelligent heat dissipation: The fuzzy proportidnategral derivative (PID) intelligent
speed adjustment algorithm is used to decrease the fan spaddwaavaycorrosive
mateials such as dust and salt mist on boards.

Anti-corrosion: Sensitive components such as the backplane, connector, fan, and power
supply, are coated to prevent corrosion.

Precise temperature control: The temperature of devices and boacdariately
contolled to reduce humiditin the component microenvironment and prevent
corrosion.

3.2Hybrid Transmission of Gray and Colored Light

To smootlenFMEC network investment arefficiently reuse existing network resources,
Edge OTN must support gray light pabesough on the live network. The wavelengths of an
FIU board are specifically designed so that gray lighb&dd) and colored light (Band) can
be transmitted in the same pair of fibers.

IssueV1.0 (202103-15) Copyright© Huawei Technologies Co., Ltd 10
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Services can pass through existing IP/SDH gray rings on the live nkaetiging O bandThis
process requiresorreconstruction on the network, protecting existing device invest@ant.
top of this, @ modification or migration is required for existing serviagtingservice
interruption time by 90%, arglashingservice nigration risks and costs. In this way, smooth
network evolution is achieved.

Figure 3-1 Hybrid transmission of gray and colored light
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3.3Liquid OTN Technology

ConventionalOTN has large pipe granularities and multiple multiplexing layers. Edge OTN
needs to supportéhLiquid OTN technology to provide higjuality bearer pipeslelivering
flexible bandwidth and unified transmissjas required by FMEC

An optical service unit (OSU) container is added to Liquid OTN. The OSU container divides
an ODU into smaller bandwiid granularities to implement flexible OSUflex pipes with
adjustable bandwidths ranging from 2 Mbit/s to 100 Gbit/s and support hybrid transmission of
multiple services.

Figure 3-2 ODU/OSUbased bearer technology

Ethernet
(packet)

As a nextgeneration optical transmission techngldgiquid OTN can bring the following
key benefits:

Simplified architecture: Liquid OTN evolvesmulti-service and multplane bearing to
multi-service access and unified bearing, implements physical isolation based on
ODUk/OSUflex hard pipes, and definafferent bearing quality requirements for pipe
slices.

IssueVv1.0(2021-03-15) Copyright© Huawei Technologies Co., Ltd 11
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Efficient bearing: The flexible OSUflex pipe minimizes the granularity of network hard
slices from 1.25 Gbit/s (ODUO) to 2 Mbit/s (OSU), improving flexibility by 500 times.
The number of supported bagiipes is increased from 80 x ODUO to 1000 x OSUflex
and bandwidth utilization reaches nearly 100%.

Ultra-low latency. Liquid OTN simplifies the mapping mechanism, reduces processing
layers, provides differentiated latency levels, and reducesitedatncy by 70%This
enablescarriersto provide more latency packages based on different service
requirements to support the sales and business monetization of network latency
resources.

Hitless bandwidth adjustment Liquid OTN supports seamless and hitlbasdwidth
adjustment, ensuring 100% bandwidth utilization, meeting temporary and unplanned
bandwidth requirements, implementing refined bandwidth resource management and
control, and providing edemand bandwidth consumption services.

3.4 High -Precision Time Synchronization

The TDD mode, which divides the same communication frequency band into different

timeslots for upstream and downstream transmission. In principle, time synchronization is
required for alignment between different timeslots. If the basestame is not synchronized,
inter-base station interference occurs, and this canftoetwork access for a large number

of users or lead to deteriorating service quality. TDD base stations require a time
synchronization pr eci s-oriented adrdinitibn sérvicesssuchlso we v
separated multiple point (SMP), requireendto-end synchronization precision of £350 ns.

Edge OTN must support higtrecision time synchronization to provide ground time
synchronization for networks. To provide precise synchronization, Edge OTN must work in
all-BC clock mode to achieve a symohization precision of 10 ns to 30 ns for each site. In

the conventional twdiber bidirectional synchronization technology, time deviation may

occur due to different lengths of optical fibers in the transmit and receive directions. As a
result, a large umber of siteby-site time deviation tests and compensation settings are
required. This means that Edge OTN must support OSC dibglebidirectional time
synchronization to avoid compensating for asymmetric transmission over optical fibers in the
transnit and receive directions and improve deployment and O&M efficiency of a time
synchronization network.

IssueV1.0 (202103-15) Copyright© Huawei Technologies Co., Ltd 12
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Figure 3-3 Time synchronization scheme
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Huaweil Edge OTN Solution

4.1 Accurate Planning Tool
4.2 All-Scenario Deployment
4.3 Innovative Opticalayer and ElectricalLayer Solutions

4.4 Inelligent O&M

4.1 Accurate Planning Tool

Mobile carrierdack therich FBB/private line operation experienitgt fixed network carriers
havein FMEC network construction. Therefore, planning and desigoréreal.

Edge OTN provides uNetBuilder, an autorogtianning tool, to help customers identify
high-value areas (integrated service access areas), precisely construct networks, and support
joint planning with home broadband AirPON and enterprise private line access points. In this
way, the precise netwokonstruction policy of "optical first, electrical later"f@lowed. The

optical and electrical layearesimultaneouslyeployed in hotspot areas (highlue areas),

of whichonly the optical layer needs to be deployed in-hotspot areas, maximizingd®.

Based on GIS big data, uNetBuilder uses models such as area value indexes to identify
high-value users from multiple dimensiomsgludingthe number of households,

building type, house rental rate, house price, construction period, and wirelessBraffi
clustering highvalue users, uNetBuilder can further identify higdlue areas.

uNetBuilder supports automatic and accurate route restoration and CTC algorithm. It
automatically selects the most cestectiveoptionfrom massive sites to plan the
integrated service access area.
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Figure 4-1 Integrated service access area planning
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4.2 All -Scenario Deployment

Edge OTN usethe highly integrated OSN 1800 seriesadapt taall scenariogndreuses site
infrastructure to provide customers with a fast and-effsttive network construction

solution. The OSN 1800 Il TP or OSN 1800 Il Pro 2U subrack is used at an access site,
whereas the OSN 1800 V Pro 5U subrack is used at an aggregation site, achieving "one fiber
for one ring, one box for one site, and one board ferdrectiori'.

Outdoor Cabinet Solution

The autdoor cabinets of the Edge OTN soluteme|P55 gradewaterproof and dustproof.
Outdoor cabinets also leverage tpatented heat exchanger technology to improve heat
dissipation by 30% and support stabjpeeraion in high-temperature environmenfgo
strengthen device performance in challenging environmewitdatyers of tweplane
protection and 23 rounds of sprayiage added to the cabinetdohieve high anttorrosion.
And finally, the outdoor cabinet caperate for20 years in areasithin 500 meter®f the
coast

Table 41 Outdoor cabinet specifications

Name Appearance Specifications
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Name Appearance Specifications

M500
outdoor
cabinet

Dimensions (H x W x D): 800
mm (1850 mmwhenan enhanced
heat dissipation module is
configured)x 650 mm x 80 mm

Scenario: aggregation site

Cabinet capability: A maximum of
two 5 U subracks can be installed
in a cabinet. An OTN device and
an OLT can be installed in the

same cabinet. The maximum hea|
dissipation capability is300 W.

v
4

1

M50 Pro
outdoor
cabinet

Dimensions (H x W x D): 650 mm
X 220 mm x 380 mm

Scenario: access site

Capability: A maximum of one 2 |
subrack and one 1 U subrack can
be installed in one cabinet. An
OTN device and a mini OLT can
be installed in the same cabinet.
The maximum heat dissipah
capability is 1000 W.

Aggregation Site Solution

OSN 1800 V Pro devices are deployed at an aggregation site. The optical layer supports one
direction and two slots (1D2S) to add/drop 40 wavelengthde the electrical layer supports
400G per slot. fie opticalelectrical integration platform supports flexible planning of

subracks and slots.

Table 42 OSN 1800 V Pro specifications

Name Appearance Specifications
OSN 1800 s . 5 U chassis with 14 service
V Pro o slots
o WS RS Up to 400G per slot at the
L] — electrical layer

- g . Opticd-layer 1D2S,
adding/dropping of 40
wavelengths

The OSN 1800 V Pro can be installed indoors and outdoors.

Indoor deployment: The OSN 1800 V Pro can be installed iriacilor 19inch
cabinet. A maximum of six subracks can be installed in a cabin@iplernent
high-density aggregation, improving cabinet space utilization by 100%.
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Outdoor deployment: The M500 outdoor cabinet is used to meet the deployment
requirements of an equipment room. The OSN 1800 V Pro can be installed with the
OLT/BBU in the sameabinet.

Figure 4-2 Aggregation site solution
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Access Site Solution

OSN 1800 Il TP/OSN 1800 Il Pro devices are deployed at an access site. The optical layer
supports 1D1S to add/drop four wavelengitdle the electrical layer supports 400G per slot.
The opticalelectrical integration platform supports smooth expansion.

Table 43 OSN 1800 Il TP/OSN 1800 Il Pro specifications

Name Appearance Specifications

OSN 1800 | giiemesmmm=mgsn 7 | 2 U chassis with 6 or 7 service

TP s 4 o ° slots
Up to 400G per slot on an
electricatlayer board
Opticatlayer 1D1S,
adding/dropping of four
wavelengths
Distributed electricalayer
crossconnection

OSN 1800 2 U chassis with 6 service slot

Il Pro

Up to 400G per slot on an
electricatlayer board

Opticatlayer 1D1S,
adding/dropping of four
wavelengths

Centralized ectricatlayer
crossconnection
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The OSN 1800 Il TP/OSN 1800 Il Pro can be installed in an M500 or M50 Pro outdoor
cabinet.

M500 outdoor cabinet deployment: The OSN 1800 Il TP/OSN 1800 Il Pro can be
installed in the same cabinet with a BBU or an OLT tlyfieuse existing resources and
achieve fast capacity expansion.

M50 Pro outdoor cabinet deployment: The M50 Pro supportsmolemted and
wall-mounted installation. The OSN 1800 Il TP/OSN 1800 Il Pro can be installed with a
blade BBU or a blade OLT atdtsame sitdeaving ndfootprint.

Figure 4-3 Access site solution

Floor-mounted ACC Off-ground ACC

4.3 Innovative Optical -Layer and Electrical -Layer
Solutions

4.3.1Simplified Optical Layer

Huawei Edge OTN usesiB-1 highly integrated opticdhyer boards and innovative hybrid
transmission technology gfay and colored light to implement the simplified optical layer.

The conventionabptical layer requires five boards to implement transmission in one optical
direction. Edge OTN integrates all optidal/er modules, such as the OA, OTDR, FIU,
multiplexerflemultiplexer, and OSC boards in one optical direction into one board.

The access site uses the 1D1S board to support adding/dropping of four wavelengths.
The aggregation site uses the 1D2S board to support adding/dropping of 40 wavelengths.
The space ocqied by 5in-1 opticatlayer boards is reduced by 80%hile the number of
fiber connections between optidalyer boards is reduced by 70%. @rtiek fiber connection

verification is supported, shortening the commissioning time by more than 80% aneageduci
the singlesite delivery cost by more than 20%.
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Figure 4-4 Highly integrated optical layer
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Table 4-4 Key opticatlayer boards

Name Appearance Specifications

MD40AFS

1D2S opticallayer board,
adding/dropping of 40 wavelengths

Integrated
OSC/OTDR/OA/FIU/MUXDEMUX
board

Duatslot

MR4AFS

1D1S opticallayer board,
adding/dropping of four wavelength

Integrated
OSC/OTDR/OA/FIUMUXDEMUX
board

Singleslot

4.3.2X+Y Distributed Electrical Layer

Edge OTNutilizesinnovative XMesh backplanes andRonder electricalayer boardso
support flexible grooming and capacity expansion of access sites.

The Y-Ponder electricalayer board uses the "tributalipe-backplane” Yshaped
architecture. It supports service access on both the client and backplanergidaving
line bandwidthutilization, and reducing electriciyer costs and power consumption.

The X-Mesh backplane can reduce the cost and power consurpptivtial deployment.
Meanwhile, hrough proper slot planning, the backplane can support service
crossconnections betvan tributary boards and line ports without the need to deploy
high-cost and higipowerconsumption centralized cressnnect boards, which reserves
resources for future electricklyer capacity expansion.
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The X+Y innovative distributed electrical layempgorts multiple service modelhe client

side directly receivesagly FBB/MBB servicegrom the Y-Ponder board and aggregathem

to line ports for transmission. In future capacity expansion, only tributary boards need to be
added to receive new serviceuch as private line services. The services are then groomed to
line ports through the ¥Mesh backplane for transmissjaesolvingtheissueof insufficient

ports on the Ponder boams well as allowing the remaining bandwidth on the line side to be
fully utilized. This can result in improvelthe bandwidth utilization by 40% amdduced

power consumption bgpproximatelyl5%.

Figure 4-5 X-backplane+¥YPonder architecture
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Table 45 Key electricallayer boards

Name Appearance Specifications

MTA

4 x 25G Y-Ponder board

4 x 10G/25G on the line side, 6 x
10GE on the client side

Singleslot

MDC 50G Y-Ponder board

1 x 25G/50G on the line side, 1 x
40GE/50GE on the client side

Singleslot

MDCA 200G Y-Ponder board

1 x 200G on the line side, 2 x 100G
+ 10 x 10GE on the d@nt side

Dualslot

LDCD 2 X 200G Ponder board

2 x 200G on the line side, 4 x 100G
on the tributary side

Singleslot
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4.3.3More Line Rates

Edge OTN supports multiple WDAdide rates, such as 10G, 25G, 50G, 100G, and 200G, to
satisfydifferent bandwidth modsl

Theolder10G access ring bandwidthn no longemeetmodernservice requirementdut
the upfront cosof onestepexparsionto a 100G networlks alsotoo high.This highlights the
urgent need foFMEC networkgo haveproper mediuntate line portshat can facilitate
smooth network construction.

OTU25 and OTUS50 correspond to 25G and 5@aiwere standardized and released in
Recommendation ITO G.709.4 in March 2020rheyhavealreadybecome new options for
accesdayer networksnamely becauszsG halves bottthe cost per bit and power
consumptioncompared with 10G

Table 4-6 Optical modules

Optical Appearance Description

Module

Type

10G SFP+ ey Line-side colored light, nocgoherent
":“F Y
e

25G SFP28 Line-side colored light, noieoherent

50G QSFP28 / Line-side cdored light, norcoherent

100G/200G
CFP2

Line-side colored light, coherent

4.3.4The Smooth Evolution Solution

Edge OTN is an innovative solution fibre hybrid transmission of gray and colored light. By
optimizing the design of multiplexer and demultipler@odules, Edge OTN enables gray
light (O-band) and colored light (Band) to be transmitted in the same pair of fiblerisging
800-fold improvement taverall fiber capacity and maximizing the value of existing
networks.

Services can pass through exigtiP/SDH gray rings on the live network using O band
with no requirement foreconstruction, protecting existing device investmitureover,
no modification or migration is required for existing servjaasaning services do not
need to be migratetherebyslashingservice interruption time by 90%, asnificantly
reducingservice migration risks and costis facilitatessmooth network evolution.
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New support for clored light transmission achievenehop transmission and

onrdemand capacity expangio An access ring supports evc
40 x 200G. Wi th the i nn-tayeatéchnelay, capadity di st r i
can be expanded smoothly and PAYG can be achieved.

Figure 4-6 Continuous evolution, PAYG
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4.4 Intelligent O&M

4.4.1Intelligent Mana gement and Control via NCE

Huawei iMaster NCE is the industry's first network automation and intelligence platform that
integrates management, control, and analytics functions. It bridges the gap between physical
networks and business intents, and implemeantralized management, control, and

analyticsfor entire networks. It enables resource cloudification;lfidtycle automation, and

data analyticgriven intelligent closure according to business and service intents. On top of
that, its open networlAPIs support rapid integration with IT systems. With key technologies,
such as enhanced Al algorithms, big data, computing power, and automation, NCE helps build

an intelligent aloptical network.
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Figure 4-7 Intelligent O&M

4.4.2 Automatic Optical -layer Commissioning

Edge OTN opticalayer boards have builb optical sensors and support automatic
opticallayer commissioningstreamlininghe site deployment process.

Automatic fiber connection detection: During site deployment, aftgineerscomplete
device installabn and powepnthe devicesthe software automatically detegthether
the physical fiber connections between boaads correcgtand if so,generates logical
fiber connection configurations, and configures wavelengths for OTU boards by one
click. In thisway, oneclick automatic deployment is implemented, minimizing manual
operations and avoiding a second site visit.

Automatic optical power commissioning: With btiift optical sensors and variable
optical attenuators (VOAS), the automatic commissioningdan automatically adjust
the optical power of added/dropped wavelengths andthessgh wavelengths based on
the network topology. Thiselievesthe burderon operators and shortens the network
commissioning time from days to minutes.

4.4.3Intelligent Fiber Management

Edge OTN supports the Fiber Doctor (FD) system to monitor and manage line fibers on a
network. The FD system modulates OTDR detection signals into OSC signals, detects the
fiber loss variation and position based on the Rayleigh scattering-eswkefreflection

principles, and reports the detection data to the NMS. In this way, the line health status and
fiber connection status can be accurately detected and monitored online (without affecting
services). This help®@&M engineersanalyze the quay of fiber connectors and splicing

points, quickly locate fiber quality problems, reduce onsite fiber maintenance costs, and
facilitate engineering implementation.
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