Superfast. Ultrfast. G.Fast
Can you ever have enough bandwidth?

Dr. Doug Williams
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How much was enough?

UK Broadband Speed:

New product launches

Ol BT (British Telecommunications plc.) is the largest UK broadband provider www.btplc.com

[2I NTL and Telewest were cable companies offering cable television, cable internet and fixed-line cable telephone services
in the UK up until 2006 when NTL, Telewest and Virgin all merged to form Virgin media.

2013

Year Broadband launch announcement

1999 First consumebroadbandaunched

2000 BT: 512b/sbroadband

2001 NTL: 128b/s6 b r o a devigen d 0

2002 NTL: 1Mb/sbroadband

2004 NTL&Telewest 75kb/s& 1.5Mb/s

2005 BT: 2Mb/sbroadband

2006 BT: ADSL Max (upto 8Mb/s)

2007 BT: ADSL 2+ (upto 24Mb/s) .’

2007 Virgin: 20Mb/s

2008 Virgin: 50Mb/s ’

2010 BT: Infinity 36Mb/s

2010 Virgin: 100Mb/slaunched

2011 BT: 110Mb/sFTTH product

2012 BT: Infinity 2, 76Mb/s
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http://www.btplc.com/
http://en.wikipedia.org/wiki/Cable_television
http://en.wikipedia.org/wiki/Cable_internet
http://en.wikipedia.org/wiki/Telephone

Please stand up



How much
bandwidth will
Householdeed?



In 2030, how much bandwidth will be enough for a busy family
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el [N 2030, how much bandwidth will be enough for a busy family
UL household® ¢ KAY (1 OGKNBS G4SSylF3aS OKATLF
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20 Mb/s will be enough
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el [N 2030, how much bandwidth will be enough for a busy family
UL household® ¢ KAY (1 OGKNBS G4SSylF3aS OKATLF
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40 Mb/s will be enough
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el [N 2030, how much bandwidth will be enough for a busy family
UL household® ¢ KAY (1 OGKNBS G4SSylF3aS OKATLF
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80 Mb/s will be enough
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el [N 2030, how much bandwidth will be enough for a busy family
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el [N 2030, how much bandwidth will be enough for a busy family
UL household® ¢ KAY (1 OGKNBS G4SSylF3aS OKATLF

?\e’&‘e’(a \)’Q‘\\(\ 1 Gb/s will be enough
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el [N 2030, how much bandwidth will be enough for a busy family
UL household® ¢ KAY (1 OGKNBS G4SSylF3aS OKATLF
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el [N 2030, how much bandwidth will be enough for a busy family
UL household® ¢ KAY (1 OGKNBS G4SSylF3aS OKATLF
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el [N 2030, how much bandwidth will be enough for a busy family
think? householdqThink three teenage childrehv

XYe O2ffSIF3dzSa al AR

Question:3 For a busy household, a family with 3
teenage children, the minimum bandwith
required in 2030 will be % of Total Votes cast
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lessthan  100Mb/s 200Mb/s 500Mb/s 1Gb/s 2Gb/s 5Gb/s or
40Mb/s more

W Question:3 For a busy household, a family with 3 teenage children, the minimum
bandwith required in 2030 will be % of Total Votes cast
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Current BT CEO sets out ultrafast broadband vision

Affairs

30 January 2015

6Gfase (G2 RSEAGSNI aLISSRa 27F dzLJ G2 pnnaolla (2 Y2ad Kz2yYSa
Premium fibre services of up to 1Gbps to be developed _ _ _ _ _ _ _
The two pilots will start this Summer in Huntingdon, Cambridgeshire anc

. ¢ /9h DF@AY trGGSNE2Y d2RFe a8d CRYRN NORESIHAQuIGHNE q *g iy ipa ave
transform the UK broadband landscape from superfast to ultrafast. part|C|pate In the pilots 'C explore what speeds can’be delivere
usingG.fastat scale.

He revealed that BT plans to deliver much faster broadband for homes

YR AYFEt o0dAAYySaaSa OClash o sekvSH S kg & € éﬁkheseﬁjav g 2y NBOSyd

innovative technology that BT will test in two pilot locations starting this centre atAdastraIPark SUffOIk e shown tBafasthas the _
Summer. potential to deliver significant speed increases from existing and new fib

street cabinets as well as from other points closer to the customer. This
an important development as it means the technology can be deployed |

G.fastwill help BT deliver ultrafast speeds of up to 500Mbps to most of - . .
P P b P a more efficient and rapid manner than previously thought.

the UK within a decade. Deployment will start in 2016/17, subject to the
ilots being successful.
P g BT is likely to deplo§.fastfrom various points in the network, with the

Early tests shou@.fastis capable of delivering a range of speeds pilots allowing it to assess various roll out options. It is also planning to
RSLISYRAY3I 2y K2g Of2a8 GKS §80OKy H¢vecpaprgmumy ebroad??ﬂ?éfs‘ﬁr‘éc?fgrrﬁﬁs re? %
expects to offer initial speeds of a few hundred megabits per second to  °USINESS customers who want even Taster broadband, of up to 1G
millions of homes and businesses by 2020. Speeds will then increase to
around 500Mbps as further industry standards are secured and new kit is
developed.

BT is currently expanding the reach of its fibre network by working with
the public sector across the UK. Its network already passes almost 22
million premiseg around three quarters of the UKand is open to all

6. ¢ Aa b 62NIR tSHRSN) 6KSy AL Oz panmunigations: proyiqps O”A agﬁsg)\” %%pa'i‘sgrhw'”é‘%p the
SEOAGSR Fo2d2i GKS ySEG &adl3sS Ay #&Wﬁ%ﬁ%ﬁ%%@@vqr banRd yvighin e next fg\
believeG.fastis the key to unlocking ultrafast speeds and we are years.
prepared to upgrade large parts of our network should the pilots prove
successful. That upgrade will depend however on there continuing to be a
stable regulatory environment that supports investment.

The UK is already ahead of Germany, France, Italy and Spaln when it
comes to superfast broadband coverage andtapé> | YR . ¢ Q3
ensure the UK stays ahead and joins the ranks of world leaders such as

. L i Japan and South Korea. . L .
G¢KS 'Y Aada KSFR 2F AGa YIF22NJ 9dzNBLISIY ySAIKo2dzZNA ¢KSy Ad O2YSa

broadband and we need to stay ahead as customer demands evolve.  Ends _
G.fastwill allow us to do that by building on the investment we have BT@
made n f|bre to date It will tl’anSfOYm the UK broadband |andscape from 1 Of Eur opean Broadband Scorecard March 2014

Ny

co
AdzLISNFFad G2 dzf GNIX FlLad Ay GKS |ljdzx O] LI2aadAofS GAYSTFNI YSPé
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NIURVINWE | he macro view has proved accurate at anticipating bandwidth suppl

of demand

The Law of Internet Bandwidth
I KAIK SYyR dzZaSNDR&a O2yySOGA2Yy &LISSR gAff INRY
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NIURVINWE | he macro view has proved accurate at anticipating bandwidth suppl
MRS Average demand has followed. Will this continue?

The Law of Internet Bandwidth

I KAIK SYyR dzZaSNDR&a O2yySOGA2Yy &LISSR gAff INRY
JakobNielsen

~40% year on year growth in core demand
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NIURVINWE | he macro view has proved accurate at anticipating bandwidth suppl
MRS Average demand has followed. Will this continue?

The Law of Internet Bandwidth
I KATIK SYyR dzASNR& O2yySOGA2Yy &ALISSR ¢gAff 3INRS
JakobNielsen

~40% year on year growth in core demand
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Published estimates of future demand provide a spread of views

40

20
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Published estimates of future demand provide a spread of views

Nielsen
1Tbps 1 for displays with

100X more pixels than 4kTV
at 120fps on a

40

20
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Published estimates of future demand provide a spread of views

Nielsen
1Tbps 1 for displays with

1Tbls 100X more pixels than 4kTV

at 120fps on a

Year
2013 2014 2015 2016 2017 2018 2019 2020 2021

Alcatel-Lucent @

Alcatel Lucent (2018)
(video centric Monte
Carlo)

80
75Mbps to support BS!igfffffﬁﬁir

"""""""""""" -1 UHDTV stream Group

2024 2025

160

- 2 HD streams &
-1 SD stream

f>50Mbps (2023) for the
top 1% households to satisfy
every minute o

40
——————————————————————————————————————————————— >4 B8Mbps (2023) top 1% of
households excluding the
busi est 1 min
filO9Mbps (2023) median
20 o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e user excluding the busiest

f our mi nut es
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Our inhouse model isisercentredd hage@ é@n the assumption that peak
bandwidth demand is caused, more or less, by people.
Whatcan such an approach tell us about future peak bandwidth demand?

Method

1. Define exemplar households

2. Define the applications and services that will create bandwidth demand in the future

3. Predict the way that bandwidth-demand will change, per application or service, over the next 5-20 years
4. Model the way a household will use these applications over 1 day, in 5 minute intervals

5. Sum the contributions from each concurrent application in each 5 minute interval.

6. Model the take up of new services by each household type so we know who is using what in each of the
chosen years

7. ldentify the peak bandwidth demand
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Our inhouse model isisercentred Itis based on the assumption that
peak bandwidth demand is caused, more or lesydnple

OLDER ADULTS (7.4M Individuals) YOUNG ADULTS (6.7M Individuals)

EMPTY NESTERS (12.3M Individuals) FAMILY (17.4M Individuals)
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Our inhouse model isisercentred Itis based on the assumption that
peak bandwidth demand is caused, more or lesydnple

OLDER ADULTS (7.4M Individuals) YOUNG ADULTS (6.7M Individuals)
Jenny (39) and David (42) both have
busy jobs. They are technically savvy
and value products and services that
save them time.

James (25) and Sophie (24) live
together. They work in the city and
have very busy work and social lives.

They have a high disposable income and watch little TV during They have a wide circle of social and work friends, and use

the week. social networks to help manage their relationships.

They are heavy internet users. On an evening Jenny relaxes They love entertaining and like to keep up to date with the latest
watching TV while David uploads the summer holiday video for TV shows, films and games. Thley
friends to see on YouTube. seend in their soci al net wor kj

EMPTY NESTERS (12.3M Individuals) FAMILY (17.4M Individuals)

Jim (61) and Jane (62). Their daughter
Claire lives quite locally. She is taking a
career break while she raises a young

Amy (42), Dave (43), Lucy (11),
Emma (16) and Andy (18) live in a busy
house with visits from family and the

family. kidsdéd friends over
They love BT. The need some help with new technologies and Amy has a sister who is married but has no kids. Amy's Mum
need them to be simple. has arthritis and perhaps some early dementia or age related
forgetfulness. Amy's Mum's prime carer is Susan (Amy's
sister).
They each have mobiles and share a home PC. They regularly
use the Internet. They have weekly video calls with relatives Dave's has a brother who lives in Aberdeen. Dave's parents are
abroad and have a games console for when the grandchildren well off and spend a lot of time away from their home on "
usually visit on Sundays. holidays. BT
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YOUNG ADULTS - 6.7M - 18-28 Years
James [25) and Sophie [24) live together. They work in the city and have very busy
work and social lives. They have a wide circle of social and work friends, and use

social networks to help manage their relationships. They love entertaining and like

to keep up to date with the latest TV shows, films and games. They want to be the
‘first to have seen’ in their social network. They subscribe to @ premium Sports and
VoD service.

Narrative

James finishes his "Call of duty"” game and goes to bed
Jlames'smartphone checks for email
Jlames'smartphone checks for email
James'smartphone checks for email

James'smartphone checks for email

James'smartphone checks for email

Jlames' smartphone checks for email

James'smartphone checks for email

James wakes up and checks the news headlines on his tablet whilst in bed

Sophie wakes up and streams the breakfast radio show in the kitchen

Sophie checks her social netwarking site for updates whilst making coffee and toast
James checks hiz emailz on hiz smartphone

Sophie checks her emails on her smartphone

James watches the News headlines on TV

Jlames checks hiz social networking site for updates

Sophie transfers TV show epsiode from laptop to tablet

lames recieves and sends emails on his |aptop before leaving for work

Sophie recieves and sends emails on her laptop before leaving for work

Someone visiting a neigbour reads a newspaper website and checks his social networking sites
Jlames arrives home and checks his social networking sites on his smartphone

James streams one of his friends playlists from his music streaming service whilst cooking
James checks his social networking sites on his tablet and views some short video clips
James'smartphone checks for email (throughout the evening)

Sophie arrrives heme and checks her social networking sites on her tablet

Sophie posts a short video of a funny squirell she saw during her lunch break

Sophie browses the 'Funniest Video of the Day' site on her tablet, showing James the videos
Whilst eating dinner, both Sophie and James watch TV they recorded yesterday

Jlames uses his tablet to look up extra information about the TV show they are watching
Sophie checks her social networking sites using her smartphone

Sophie watches some short video clips on her laptop

James browses the EPG and sets up some future recording events

Jlames and Sophie watch a latest releasze film from their video streaming service

Sophie updates her social networking sites

Jlames looks up details of the film on IMDB.com using his tablet

Sophie loses interest in the film so videocalls her sister

Sophie browses the web on her laptop

ATV programme is being recorded

Sophie checks her social networking sites using her smartphone

Jlames checks his emails on his smartphone

ATV programme is being recorded

Jlames watches TV previously recorded

Sophie browses iTunes for interesting TV episodes and downloads the first of 3 new series|
Sophie goes to bed and reads her e-book

James plays "Call of Duty" with his university friends

Max. bandwidth [Mbys)
Peak ocours at

Activity Class Start
GameSmr: LocRndrd 00:00
File download 00:00
download 01:00
File download 02:00
File download 03:00
download 04:00
File download 05:00
File download 06:00
Browsing lo 06:30
MusicStrming 06:30
Browsing lo 06:30
File download 0&:40
File download 06:45
Mcast TV 07:15
Browsing lo 07:15
File download 07:30
Browsing lo 07:30
Browsing lo 07:45
BT WiFi HI 10:45
Browsing lo 18:30
MusicStrming 18:30
Browsing HI 18:45
File download 19:00
Browsing lo 19:00
File upload 19:15
Browsing HI 19:15
PYRPlayback 19:30
Browsing HI 19:50
Browsing lo 19:45
Browsing HI 20:00
20:20
Uni TV 20:30
Browsing lo 20:30
Browsing lo 20:30
VidChat 21:00
Browsing lo 21:30
PVRRecord 21:00
Browsing lo 22:00
Browsing lo 22:00
PVRRecord 22:00
PYWRPlayback 22:30
download w |2:30
- (2:45
GameSrur: LocRindrd 3:00
GameSruer:hletRndrd
MusicStrming e |
MetworkFvR
S update
WoiceCThat .
T3 2 OO SEart

Marrative | Activity Class

James finishes his "Call of duty” game and goes to bed
Jlames' smartphone checks for email
Jlames' smartphone checks for email
Jlames' smartphone checks for email
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GameSnr: LocRndrd
File download
File download
File download

Finish
00:30
00:05
01:05
02:05

03:05
04:05
05:05
06:05
06:40
07:15
06:45
06:45
06:55
07:45
07:30
07:40
07:45
0800
11:30
18:40
19:00
19:15
19:25
19:15
19:20
19:30
20:30
20:00
19:55
20:20
20:30
22:00
20:35
20:40
21:20
22:00
22:00
22:20
22:10
23:00
23:00
22:45
23:55
23:55

90th percentile
Downstrm pk time
Downstrm pk bfw [Mby/s)
Upstrm Pk Time

Upstrm pk bjfw

2013, 100th Percentile Downstre

Activity specific

2013 2018 2023 2028 2033
2105 | 21:35 | 1955 | 1955 19:55
124 459 284 322 405
19:20 19:20 | 1920 | 15:20 19:20
52 6.8 88 116 152

Midnight  1am Zam Gam dam Sam Gam
| i ——

Tam

dam

GameSnrLlocRndrd
FileDownload
FileDownload

00:20
00:05

00:05
o005 |FileDownload
FileDownload
FileDownload
FileDownload
FileDownload
Browsing(Lo)

Musicstrming
Browsing(Lo)

FileDownload
FileDownload

00:05 14
D0:05
D0:05
00:05
00:10
00:45
00:15
00:05
00:10
00:30
00:15
00:10
00:15
00:15
00:45
00:10
00:30
00:20
00:25
00:15
D0:05
00:15
01:00
00:10
00:10
00:20
00:10
01:20
D0:05
00:10
00:20
00:30
01:00
00:20
00:10

10

Browsing(Lo)
FileDownload
Browsing(Lo)
Browsing(Lo)
BT WiFi [fon)
Browsing(Lo)
MusicStrming
Browsing(Hi)
FileDownload
Browsing(Lo)
FileUpload
Browsing(Hi) 4
PVRPlay:2kLocalDisk
Browsing(Hi)
Browsing(Lo)
Browsing(Hi)

Bandlith (Mbys)

TV:Ak{SD)Unicast
Browsing(Lo)
Browsing(Lo)
Vchat:2k({HD) o
Browsing(Lo)
PVRRec:2kLocalDisk
Browsing(Lo)
Browsing(Lo)

00:00 E

00:20
00:40

01:00
01:20
01:40

02:00
02:20
02:40

03:00
03:20
03:40

04:00
04:20
04:40

05:00
05:20

05:40

06:00
06:20

06:40

07:00
07:20

=

=00
05:20
0540

09:00

01:00 | PYRRec:2kLocalDisk
00:30 | PVRPlay:2kLocalDisk
00:15 |FileDownload

01:10

00:55 | GameSnrLocRndrd

Finish  Duration

2013, 100th Percentile Upstream

Activity specific

Midnight lam

Zam

Jam

dam

Sam

Gam

Tam

Gam 3

00:00
00:00
01:00
02:00

00:30
00:05
01:05
02:05

00:30 | GameSnr:LocRndrd
00:05 |FileDownload
00:05 FileDownload

00:05 |FileDownload



Our inhouse model isisercentred Itis based on the assumption that peak
bandwidth demand is caused, more or less, by people. What can such an
approach tell us about future peak bandwidth demand?

Nielsen
1Tbps i for displays with

1Tb/s

100X more pixels than 4kTV
at 120fps on a

Year
2013 2014 2015 2016 2017 2018 2019 2020 2021

Alcatel-Lucent @

Alcatel Lucent (2018)
(video centric Monte
Carlo)

80
75Mbps to support BS G

""""""""""""" -1 UHDTV stream Group

2024 2025

160

- 2 HD streams &
- 1 SD stream

f>50Mbps (2023) for the
top 1% households to satisfy
every minute o

40
——————————————————————————————————————————————— >4 B8Mbps (2023) top 1% of
households excluding the
busi est 1 min
filO9Mbps (2023) median
20 o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e user excluding the busiest

f our mi nut es
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Our inhouse model isisercentred Itis based on the assumption that peak
bandwidth demand is caused, more or less, by people. What can such an
approach tell us about future peak bandwidth demand?

1Tb/s Nielsen
1Tbps i for displays with
100X more pixels than 4kTV
at 120fps on a
Year
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
160

Alcatel-Lucent @

Alcatel Lucent (2018)
(video centric Monte
Carlo)

80
_ 75Mbps to support BS E{;’E;’r?;'&ir
_____________________ -1 UHDTV stream gﬁmup

- 2 HD streams &
- 1 SD stream

f>50Mbps (2023) for the
top 1% households to satisfy
___________________________________ M every minute o

40
———————————————————————— BT Research - e > B8Mbps (2023) top 1% of
———————————————————— >gl Demand model households excluding the
busi est 1 min
A35Mbps (20
enough to meet the
needs of all but the filO9Mbps (2023) median
20 L e e e e e e e most demanding 5th | 3 user excluding the busiest

f our mi nut es

percentil e.
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Our inrhouse model isisercentred Itis based on the assumption that peak
bandwidth demand is caused, more or less, by people. What can such an
approach tell us about future peak bandwidth demand?

Nielsen
1Tbps i for displays with

1Tb/s

100X more pixels than 4kTV
at 120fps on a

Year
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Alcatel-Lucent @

Alcatel Lucent (2018)
(video centric Monte
Carlo)

_ 75Mbps to support BS! ig{:f;ngr
"""""""""""" - 1 UHDTV stream Group

- 2 HD streams &
- 1 SD stream

160

80
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Model
VS
Measurement
1Tb/s
2013
160

80
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aSladzaNBYSyida akKz2g¢g S@Sta 2F WKAIKC
- 5% offibre lines: peak >25Mbps for 3@insat least once per month
- 10% offibre lines: peak >35Mbps for 3@linsat least once per month

Nielsen
1Tbps i for displays with

100X more pixels than 4kTV
at 120fps on a

Year
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Alcatel Lucent (2018)

(video centric Monte

Carlo)

75Mbps to support BS G

-1 UHDTV stream Group

- 2 HD streams &
BT Research - -1 SD stream
measurement
Fibre customers

Nn5% of wusers
or more continuously for

30 minutes at least once
during a mont

nN10% of wusers
25Mbps or more
continuously for 30

minutes at least once

during a montho

BT®




v— Analysis of 20,000 lines shows how the mix of video and non video traffic va
e with the level of bandwidth demand. Generally video traffic dominates, but t
busiest demand levels were caused by +waheo traffic (file download)

The vast majority of the busiest 20,000 lines (during a July Sunday
evening) have traffic levels caused predominantly by video traffic

g0 I

60

[ \

20

But the very busiest lines (during a July Sunday evening) more often than not have

traffic levels dominated by non-video traffic i almost certainly downloading large
files (>5Ghytes) to sustain such high rates for 30 minutes

B video BEnon-video
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v— Analysis of 20,000 lines shows how the mix of video and non video traffic va
e with the level of bandwidth demand. Generally video traffic dominates, but t
busiest demand levels were caused by +waheo traffic (file download)

The vast majority of the busiest 20,000 lines (during a July Sunday
evening) have traffic levels caused predominantly by video traffic

80~

60

40

20

But the very busiest lines (during a July Sunday evening) more often than not have

traffic levels dominated by non-video traffic i almost certainly downloading large
files (>5Ghytes) to sustain such high rates for 30 minutes

B video BEnon-video
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Predictions
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Console game download

App download

Messaging
M Browsing

Music streaming
B Multi-room IPTV
H VoD (e.g Netflix)
B Multicast IPTV
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Busy family - plausible peak demand

2025
425
30
0.1
12
0.8
12
12
24

—

User centred estimates of future bandwidth demand highlight that streaming video and file download are likely to be
applications that dominate total data demand and peak bandwidth demand. We predict (2025) streaming video det
and normal internet usage can be supported with ~50Mb/s but note that faster file download times and larger file si:
may create occasional demand in excess of 500Mb/s.

Large Typical
Film 46GBytes 3 hours at 40Mb/sEluRay 18GBytes 2 hours at 20Mb/s
Software 5Gbytes (OS Yosemite, 2014) 60 Mbytes- AverageOSgame size, 2014

3GBYtes (OS Windows 8.1)

Games 41GBytes (PS4 NBA 2k14) moD. &8iGSa a! @S NI 3|8
Elastic demand. File download
not time critical: file 50GByte
transfers; game 4 hrs 28 Mb/s

downloads; OS updates 60mins 110 Mb/s

30mins 220 Mb/s
Sustained demand. Smins 1.3 Gb/s

Application critical 1mins 6.6 Gb/s
streaming video and audio

In 2025
50Mb/s Many people, most days for some of the time
500Mb/s Some people, some days for some of the time

BT



Superfast. Ultrafast.G.Fast
Can you ever have enough bandwidth?

Dr. Doug Williams

..probably

In 2025
50Mb/s Many people, some days for some of the time
500Mb/s Some people, some days for some of the time _

BTQ



