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Gigabit Vodafone is a reality

FibreXis here

., E arrivata
s IperFibra
Superfast

o Gigabit 992
o $100 Creon network’

Fino a 1 Gigabit al secondo.

#olgnie 18h an ebgible
sddeasesonty On Acomsmd moblis

Dundalk, Gigabit Searica
Broadband is here unfilm HD in

” There’s no faster Broadband
in Ireland

y | e . . b Vodafone Fibra 1Gbps
Vodafone Swonts - . -~ ]
Check your address at Vodafone Power o you

vodafone.co.nz/FibreX Power to you

IRELAND
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All Next Generation Access (NGA) options require deeper fibre

Deployment model Customer connection technology

FTTC B {7 VDSL2 EnhancecVDSL2
FTTB §¢
ETT dp Cﬁ Eyr}ﬁ ii& G.fast

#1  GPON, XGS-PON, NG-PON2, Point2Pai

:}5_" DOCSIS 3.1
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https://www.google.co.uk/url?q=http://www.clker.com/clipart-telephone-pole.html&sa=U&ei=ZhBNU-yVL4q_ygOZ9IK4AQ&ved=0CC4Q9QEwAA&usg=AFQjCNG9CCeQ3x2yiXSSadWvyLsjuIPg4w

We have a flexible NGA infrastructure strategy
We've used M&A, self-build, JV, partnerships & regulated wholesale
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Buy

Self Build where viable

Co-build or Strategic
Partner with
telcos or utility players

Participate in Subsidised
Government Rollout

Regulated Wholesale

Co/sel
build

Continually /
optimising

: trategiciis
p'ships

Continually optimising in each Local Market

O
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Fixed & Convergence: Driving scale

Europe NGN footprint expansion in Q3 17/18 (m) i.e. Pre Liberty Global announcement

[ | Owned/strategic B Wholesale Leading EU footprint:
partnerships 3 104m homes passed, 63% coverage'
-------------------------- @,

61.6

CityFibre:
build starts in Milton
Keynes in March

>
T4
'1’

Gigabit plan: \ /
A Y A
e

initiatives underway

LIBERTY GLOBAL

0.0 -
........................ Uk Germany Europe! ;
NOS Network share: * Leading NGA ownerin Europe
build commencedin

Open Fiber: * EU NGA footprint: 110M

* 1.9m homes marketable

2.4m homes passed _* 54M cable/fibre homes ‘on-net’,

44444444444444444444444444 b

December
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Example Strategic Partner Deployment: Vodafone Italy with Open Fiber

Vodafone — |

IT Network

VF-IT=0DF

OLT E Optical
Optical Line == DiStrib-
Termination === Frame

Open Fiber

| Upto64 ¢
-users per PONI E

Open Fiber

Open Fiber Open Fiber
Primary Secondary Building
flexibility point flexibility point Termination

New fibre roll-out techniques,

both aerial (in

power distribution) and with
mini-digs, reduce cost and time
for deployment.

synergy with
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Box

OLT—Optical Line Termination
ONT —Optical Network Termination
POP — Point of Presence

PFP — Primary flexibility point
PFS — Secondary flexibility point
PTA — Street Termination Box
PTE — Building Termination Box

Vodafone

Open Fiber



Strategic focus is Fibre & Cable

Venice coverage

FTTC — 554 Active Elements (CAB)

 Single FTTH PoP (instead of 554 VDSL cabinets) to cover Venice o = « FTTH service has half the trouble tickets
* No active equipment in the street, half the fault rate of FTTC/VDSL fi compared to FTTC/VDSL

* Vodafone is Europe’s biggest copper Local Loop Unbundling operator
* Millions of lines of ADSL, ADSL2plus and SHDSL from Central Offices over rented copper lines

 Tens of thousands of VDSL lines from cabinets using sub-loop Unbundling

» But, fibre and coax have a clear roadmap to 10 Gbit/s with better quality too «ec e
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Investment continues
e.g. Vodafone Germany Unified Access Network - A VISIOﬂ for Gigabit fibre access

GigaGewerbe
Central Office
’% ;=; ;

OLT and Cable Core

GigaGemeinde a

GigaGewerbe @-

GigaGemeinde

=== Fiber infrastructure
— Coax infrastructure
J;I Street Cabinet with DCA fiber/coax node
i‘J Street Cabinet with passive splitter/mini OLT
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Plan FTTH in areas with highest probability to acquire customers

Build Costs:
Customer Density
Dig
BoM

Customer Demographics: -
Wealth/socio-economic group e i
Existing Vodafone mobile users e Suee SOCIAL RED o
COMPLEX cniion i ‘gn
ANALYTICS i e

TA

1. Inwhat customer locations should we

Commercial Context: build FTTH?
Competitor presence .
Existing broadband speeds 2. What fibre routes should we use to
m undertake the build?

3. What parts of the route should we build
first to optimise time to revenue?

Cumulated “street /building
profitability” Heatmap o
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Use Geo-spatial & Predictive Analytics to optimise fibre build planning
—"

Customer

segments dun@bradstreet

Customer | Addressable Market

» Different build scenarios and trade-offs can be evaluated and costed quickly

* Helps to optimize cost (per Home Passed & per Home Connected) and build sequence

C1 Public o



Examples of questions that fibre planning tools can help with

1. Can big-data analysis improves the economics of FTTH rollout?
2. Does the business case improve by building first those areas with higher expected revenue?

3. Isthere more business benefit in optimising number, location & cost of central equipment
(OLTs, fibre hubs) or minimising fibre distances?

4. What is the business case improvement of including Enterprise customers and Mobile base-
stations (e.g. removal of leased line costs)?

5. What is the trade off between targeted “hotspot” versus contiguous (no gap) coverage that
would include low ARPU areas like rental properties?

* E.g.itis possible to build fewer homes with higher cost that can lead to higher revenue per Home-Passed

C1 Public 0



Simple models can be surprisingly accurate
* E.g. Estimate dig lengths for a specific area characterized by few high level parameters

Street length

Areato be
Covered

(A)

——

Average Area of
the Block

(B)

* Only three inputs:

— A:the area of the urban area/city to be deployed ‘\/ B V k

— B:the average area of the block
— k=1:ashape factorto take into account that usually block are not a perfect square o

C1 Public

“Street connectivity and urban density: spatial measures and their correlation”. J.Peponis et al, 2007



FTTH Build: Key Variable Parameters

Internal Connections

Backhaul, Feeder & Building

Distribution

®Duct Access
®Dark Fibre

®Partner — wayleaves, ducts,
poles

®Access to verticals — landlord,
partner or regulated

®Access to Existing Copper or
Ethernet Cat5, Fibre

®Space, power for kit in
Basement or Outside

®Facade Access
®Duct Access
®Pole Fibre
*Dig

FTTH Network Structure

Drop Cable
Y e Distribution Cable
. o 5 Primary FCP
Single Dwelling Unit W —  Feeder Cable
W, B Access Node
(SDU) P

Multiple Dwelling Unit
(MDU)

o | B e Home
]

C1 Public Sounn Bee



Heat Map Approach to Coverage Development in Vodafone Portugal

® Zoning used to identify areas with the greatest
potential for fibre installation

®* Geo-marketing analysis can be applied using -
indicators such as those related to:

Customer density
Alternative broadband technology availability
Business customer proximity 1

indice Potencial Fibra

|
a
Ol
]
[ |

Potential future requirement for small cells etc.

FALito Bom
Bom
rEdio
Fraco

M uito Fraco

A multi-disciplinary approach
Technology/engineering

Business/finance
Marketing & sales

— o
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Example of Automated FTTH Design Tool: Biarri Networks

® Premises -> drop terminal node

Hut Solver
@ distribution_splices
¥ distribution_hubs [10]
%" distribution_fibres
. @I Distribution Solver
X ¥ drop_terminals_nodes [83]
O drop_terminals_demand [1214]
X /" drop_terminals_arcs
. @l Drop Teminal Solver
%X — snap_arcs
° nodes
arcs
. @I base
blocker
% ° address points
— street
Parcels_final
Google Streets

C1 Public

Drop terminal node -> distribution hub

+ @] Hut Solver
@ distribution_splices
% @ distribution_hubs [10]
% /" distribution_fibres
+ @] Distribution Solver
X * drop terminals nodes [83
0 drop_terminals_demand [1214]
i /" drop_terminals_arcs

e GISinformation

e Client specific naming convention
e (Client specific equipment types

e  Construction ready designs

® Bottom-up cost estimations

e  Bill of Materials for procurement

I0: | 3GEE-02-03-LSS-007
LENGTH: | 247

TYPE:| L3S _PRYS_144_RIBBON_VZ
PLACEMENT_TYPE: | ug

START_NODE_ID: | 3GEE-02-03-LIL-002
END_NODE_ID: | 3GEE-02-03-AJL-006
SEGMENT_NUMBER: | ¢

OBJECT_STATUS: | pLANNED

L581_LSS_3GEE_02.1 -




Models are not perfect - Reality Bites!

s N

Abandoned cars where you want to dig Water pipes not in the street plans
or not as deep as expected

C1 Public o



Lessons Learned

e Reality is usually more complex than a model suggest
e Conditions can change fast in the real world

 Data quality can have a significant impact (e.g. manhole location mismatched in GIS)

C1 Public



Filling
FTTH Networks
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FTTH Challenges

wx R WU

COST
* FTTH is expensive to build

— Co-investment / Partnerships can share costs
— Sharing helps fill the network to get faster payback

DIFFERENTIATION

* Asingle ‘wholesale’ product set means a “me too” retail product

— New product features depend on the network infrastructure provider’s roadmap priorities

COVERAGE & SEAMLESS SERVICE
* Very few FTTH networks offer “100% coverage

— Providing a “national” service can necessitate working with partners to increase coverage footprint
— Different parts of the network footprint can then have different features
— “Post code lottery” or lowest common denominator? o

C1 Public



Fixed Access Network Sharing (FANS):
Enables partners to share fibre network and equipment

OLT containing

separate
Virtual Access Vodafone Customer
Nodes Vodafone
house
& O . o =
vodafone —
;h_' Ykl O IEDF Q/ — %
‘,'.:’:‘:' Partner [ Partner e
T house
Partner Customer
4 N\ )
More Control _ Use Case.s / ‘
e Determine own features of Ethernet and IP layer products Coqnvestment partnerships/JVs (slice per partner)
. Eaq.Desi 4 & QoS profiles et *  Networkslice per Ops team
-g- UESIgn own Spee 0> protites etc. (enterprise, consumer, mobile backhaul)
\_ J \° PostM&A scenario )
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FANS Operator Roles

g sl / 1.Virtual Network Operator (VNO) — The retail Broadband Service
- v‘;%-@ ST  Provider
.' Er?‘,._ AN‘-: ¢ R;-“-’ﬁgr i &_ﬂ _p )mz J

* Operate, control, and manage its own virtual network

2. Infrastructure Provider (InP)

* Own and maintain physical networking resources

* Enables physical resource virtualization — multitenancy “Network Platform as
a Service” (NPaa$S)

* Provide virtual resource ‘control API' to VNOs

* Similar concept to 5G slicing but slices resources by service provider instead of by service type (FANS could do both)
¢ Initial product capability from vendors becoming available in 2018 o

C1 Public



FANS Standardisation

? forum

TR-370
Fixed Access Network Sharing - Architecture and
Nodal Requirements

Issue: 1
Issue Date: November 2017

C1 Public

* FANS architecture agreed

* Next Steps:
* Agree interfaces
* SDN control



FANS is a Use-Case of Disaggregated/Virtualised Access Nodes
e.g. Cloud CO / CORD

InP Management system
Access Node slicing Standard Sharing Interface
A
Monitoring,
performance, Control
test, diagnostic A nd .
- and status Configuration
Virtual Switch \\ parameters

L Access Nod_e

=

I.:';-::;T; y et .
InP Port Mapper Virtual Ports /4\ f\
]
e = Physical/Logical Ports E%
_____ u
_____________________________
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FANS trial with Vodafone Ireland: A European First

T telecomiesd.com; O - O Yz rvomme. 2 waw-ske O Laween Me. [ Evpiope - 7wy tacks - @ Faswenn .| | Goagie's & [ Vodatone . < voaatome - L voaato. £ - @ C Y 4 tammer - View Conversation 1 | Vodstone anc Huswel enhs.
N

LATEST EIMOBILE

elecomlea
COVERAGE SARGELONA2S -1 AR 2010

Verticals ~ Digital Edition  Events Videos VP Featured Directory
36 4G SG OPERATOR INTERNET BROADCAST NETWORK 0SS T&M CHIPS INDEPTH  PHONE Q
== = n g Polystar I En
i@ oz £+ © st umee .| s | © o vt | [ iy - 25 by - 54 @ Pty et Gy A | Vo l - =

T

Vodafone conducts trial of fixed e
: i TELECOM i @ e Q s : -
access network slicing on FTTH e Xg:i:nsem::?ivzzgenhance fibre access with Fixed

network T z R — R

4GB LTE

January 18,2018

. . . . . Vodafone and Huawei have conducted a successful field trial of Fixed

0 U2a - an : oEn ___ » Vodafone network slices its fibre access lines in oo ot S, T Ao s et b s
Vodahl;'e nelwlm‘v: sl'lthlts fibre I . h t . l physical fibre to the home (FTTH) network Into multiple virtual network

2 Scoats linasIn [riah tria ris ria slices, creating multi-tenancy virtualisation of the access network

Bayanil Qduia) duiel pua
Uil Jes ulye

This gives flexibility and full control for different operations teams (be
3 they from different departments in the same company or from different

D - X Y () o Fced e AL ) Search ess o odform | O Ve, urmer et

Pruning the cell tower in advance
of 5G and replacing multiple
antenna systems with a single
unit

Broadband Technology Report BTR: Awards  Open Optical Conference ~ Innovation Reviews

LIGHTwAvE. WHITE PAPERS EDITORIAL GUIDES WEBCASTS VIDEOS BUYER'S GUIDE Q

NETWORK DESIGN FTTX SDN/NFV DATACENTER TEST OPTICALTECH BUSINESS EDUCATION INNOVATION REVIEWS

Vodafone, Huawei test Fixed Access
Network Slicing

January 22, 2018

Lightwave Staff

C1 Public Huawel says it has partnerod with Vodafone to complete successfully a fleid trial of ts
Fixed Access Network Slicing technology, which virtually parttions fiber 1o the home




Performance of
FTTH Networks
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Evolution plans have previously been driven only by bandwidth

NG-PON2
NG-PON2 100G TWDM-PON

FTTH GREN XGSPON 406G -PON 320G Bit-PON
¥ —
FTTC liz Eﬁ” >
G.fast XGzfast
FTTdp 6 ‘ >

VDSL2

/Eth@rnet Ggast
S :

Distributed

DOCSIS 3.0 DOCSIS 3.1 )
HFC i 6 Access A'ltectures N
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Key Attributes of Broadband Connectivity

What can | do with it?

Functionality

€.g. Synchronisation support
(for small-cell/mobile backhaul)

How “Good”

Quality

Latency & Consistency
(stability, stationarity & reliability)

How Much?

Quantity

Bandwidth




Not all Bandwidth is Created Equal!

Queueing/buffering

50 Mbit/s on an empty network is NOT the same as 50 Mbit/s on a loaded network

Serialisation Delay

50 Mbit/s on a 100 Mbit/s Ethernet port is NOT the same as 50 Mbit/s on a 10 Gbit/s port
1/10t of T00Mbit/s is NOT the same as 10 Mbit/s

Physical Layer
50 Mbit/s on VDSL is NOT the same as 50 Mbit/s on GPON or 4G
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“When you cannot measure and manage quality,
you can only differentiate on quantity.”

Martin Geddes (Just Right Networks), 5t" February 2017

€1 Public o



Fixed Broadband Digital Supply Chain

Gigabit Access only helps here!

= Access i Backhaul pEEet
Broadband I =
Router .
Broadband )
Access Network Vodafone Transit Application
Node Gateway (BNG) Core Router Server
DOMAIN | Home/LAN | Access Core (“ISP”) | Internet | Server |
3r-Party IS T ) S— — o —
Supplier Options e — .Jmmm1
IP ADDRESS @ ------------------ S — L T — L JS—— L J R — o @
Example WiFi congestion ' . Aop moved
Issues Home router performance Insufficient capacity Traffic re-route increased latency Fibre interconnect problem | on Servers |
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Quality Attenuation (AQ) Probe Locations

s s

Access [T Backhaul
Broadband
Router ‘” [ H I” “ |

Broadband

& W

Access Network Vodafone Transit Application
Node Gateway (BNG) Core Router Server
| Access | Core ("ISP”) | Internet | Server |

AQ

AQ Probe Locations @ o

Core + Internet

» Asequence of timestamped packets of specific sizes are sent between the probes (<32 kbit/s)
* Tracesare matched and compared to analyse the performance. o

Both round-trip and each direction

C1 Public



Performance analysis using “Quality Attenuation” (AQ)
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35

Relative Frequency

T T T T

A -> B (one way delay frequency histogram) ——
This is the simplest view N
of the probability m
distribution, but it is of T J Ui
limited use for Lr

managing performance | L

1 L 1 1 ' L L L L

0

0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
Observed Delay (s)
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Performance analysis using “Quality Attenuation” (AQ)
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Observed Delay Between End Points (s)

0.05
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0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

Sort by packet size:

A -> B (one way delay)

a clear structure
emerges

400

600

800
PDU Size (octets)

1000

1200 1400

1600
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The “Quality Attenuation” (AQ) components

AQ decomposes RTT into 3 separate latency components for both upstream & downstream (so 6 in total)

The statistical distribution is captured for each latency component

0.05 T T T T T T T
A =B (one way delay) +

0.045 |-
Each components could + %? . .
004 also contribute to loss : M i e
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GPON to AWS in Frankfurt (/ s& G Components together)

Rownd Trip AQIG, packel delay (ms) and mean V' and Standand Deviation
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AQ Measurements are mathematically composable

s

- access [N LT
Broadband pu—
Router ‘” [ H I” “ |

Broadband
Access Network Vodafone Transit Application
Node Gateway (BNG) Core Router Server
| Access | Core ("ISP”) | Internet | Server |

AQ AQ AG

AQG Probe Locations @------------"=====------oooooooooo -

S et
1 pubic M o= Core + Internet




VDSL versus GPON, to Local BNG Probe

Round trip AQIG, AQIS, AQIV(mean), AQIV(stddev)
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Round Trip AQIG, packet delay (ms) and mean V and Standard Deviation
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Impact of turning on QoS on GPON

Bi-Directional AQ - 5,V(mean & stddev) delay & loss for boris-0046 to boris-9103 (with outliers)
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Round Trip

Comparing GPON Configuration Impact
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» AQ can be used to analyse performance impact of different GPON configuration/profile parameters:

— QoS & T-Cont types — Performance variation under load
— DBA: Status Reporting (SR) vs Non-Status Reporting (NSR)
— Future: vDBA performance....

[
o

Jon V7
Al T UTC

 The implications for supporting more demanding applications can then be assessed

— |IEEE 1588 synch packets, for small cell connectivity

— Enterprise services with tight SLAs
— AR/VR applications o
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Examples of Observable Phenomenon using AQ

* Re-routing

* Load balancing

* Packet fragmentation

* DSL Dynamic Line Management (DLM) & Seamless Rate Adaptation (SRA) profile changes
* CPE processor maxed out & impact of WiFi scanning “distracting” from packet processing
* Misconfigured schedulers (queue saturation & bufferbloat etc.)

* QoS benefits/differentiation under congestion

* Maxed out transmission links

* Technology & architecture upgrades

* 3G to 4G bearer change on FMS
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The vision: Full AQ ‘End-to-End’ Across the Digital Supply Chain
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Conclusion
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SUMMARY

* Vodafone sees FTTH as a strategic technology to drive the Gigabit society

* Active areas of study include:

— Optimisation of FTTH build
— Virtualisation of FTTH networks to share build costs and facilitate new business models
— Performance measurement techniques and subsequent optimisation of PON configuration parameters
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Thank You
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Unified Access Network for an efficient access network
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NG-PON2 can also provide backhaul from remote nodes
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Measuring “Quality Attenuation” (AQ)

Customer Probe Network Probes * Each packetis sent through a
| I P loop between the edge probe

Packet Ea"t\ee I;LT: and the network probe.
generator _—-—— e ..
- * The packetsare timed in and
out of the test equipment at
Network the moment it is sent
Receiver €= - - T * Traces are matched and
Gat .\ compared to analyse the
‘1’ i - performance.
Timed packet traces —[ s  Both round-trip and
natysis each direction
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“BORIS” Probe (Basic Observer of Realtime Internet Service)

A BORIS probe at
AWS in Frankfurt

C1C1 Public

Typical
probe
locations

Mobile Network

Fixed-line Network

A network BORIS probe
at BNG/CMTS location

A small BORIS probe at

the customer premises
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Comparison to traditional approaches

* Traditional measurement approaches and probes just give 2 or 3 simple metrics, e.q.

— Round Trip Delay (RTT)
— Average & Peak Delay

* AQ = Quality Attenuation. Characterised by 6 metrics (with statistical distribution of each)

— AQlv, AQ|sand AQ| G for both upstream & downstream

* The generic AQ measurement approach is independent of:

— technology
— equipment vendors
— connectivity suppliers
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Back-Up Slide: Quality Impairment (AQ) Derivation / References

* A perfect network would convey IP packet traffic with zero loss & zero delay
* In reality, packets are dropped or delayed resulting in a “delta” compared to the ideal scenario

* The concept of AQ encompasses the instantaneous distribution of delay and loss

— AQ applies along a path from a source to a sink

* AQ is derived by generating appropriately chosen IP packet samples

— Uses low-rate test streams with the right pattern to give the full loss/delay distribution

* Further Reading on AQ approach

— https://www.slideshare.net/mgeddes/stationarity-is-the-new-speed/1

— https://www.slideshare.net/mgeddes/example-highfidelity-network-measures-using-g-metrics
< https:.//docs.google.com/document/d/1yH5R59fNDgZJKs24caF CWMy2QCoGKiFwqgVAcj5JPByw/edit o
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