m innovation
I N 5 for life » .

Feasibility of Hybrid FTTH
using G.fast

A geographic case study for FTTH in city areas

Rob F.M. van den Brink — TNO m }';?‘i’i‘;gt"?‘"

Rob.vandenBrink@tno.nl

1 Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO Broadband World Forum, 23 Oct 2013, The Netherlands


mailto:Rob.vandenBrink@tno.nl

innqvation
N I m for life s a——

Feasibility of Hybrid FTTH
using G.fast

A geographic case study for FTTH in city areas

* | Rob FM. van den Brink — TNO

4GBB (up to 1 Gb/s)

4 N ; TNO Meter closet
N Rob.vandenBrink@tno.nl ©) eter close

2 Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO Broadband World Forum, 23 Oct 2013, The Netherlands


mailto:Rob.vandenBrink@tno.nl

m innovation
for life e —

"4 upto 1 Gbls
| “everywhere”?
(4GBB)

a Via Fiber

_ &_’ Nevoci .
e Giant | o Touma O

= ﬁ_hm

3 Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO Broadband World Forum, 23 Oct 2013, The Netherlands



m innovation
for life s —

Fiber
deployments in
the Netherlands
SR, e S | (@announced or
T AP, g ) deployed)

' -+ Fan
B L CTATIOM SAR DG (R EEARE, R4 A3136), fLain82 157, LoneS 3843

Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO Broadband World Forum, 23 Oct 2013, The Netherlands



m innovation
for life s —

Fiber
deployments in
the “Randstad”

e Giant

| =T sl pres 3 »
R Lccamion sadiime® R § 3860, Alee 482300, (L aied3 DAXY Lormd TRIET)

5 Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO Broadband World Forum, 23 Oct 2013, The Netherlands



innovation
for life s —

=0 x|
Fi= Tods Expamt ‘Window Hep
prm | 25088 1 v s am [Pl [T y £ b Japerreeal L= d' By
: f K‘:‘g‘:‘ FJ e Lol SR Llonnickendam
[iesimnoe ‘f_ S vl i S ST e m-
— ‘vintisls | Eelacied Seme—— iy Do b plin
.5??. r M Mmepu Zau&md Zaandam r‘ :::L-q Bostr
S ; T N \ lia § el - Fiber
A Fwan |
i W -._% /\ deployments
Fowr rotout wows, st 0. <] ookt m 4
[ maeras 3| 5 . ) = around
Ryznpimsill "'"-.- *‘_Jr
£ E oy ?\)u.., 2w | Amsterdam
o %‘M’ BT [ e —
Mo (ot
3 g
' Dense areas
: and city center
Land | .
b are still to be
< Do done
\ a4
m;/
kit S w:- sy
o T W =
: L
& i a
Foreateig ...P'F ] ;’ _f' - G:TE?T E |.’
meoGant [ . Q. . %
B Lccanion SiniBvA® (RCow| 20480, W] (Li=&3 3854, | pned 5788

6 Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO

Broadband World Forum, 23 Oct 2013, The Netherlands



Fi=  Tools Expot

innqvation
I Iu for life s —

R, ¥ [ PE——

Listomnoe

— vinibie | Selncied Seme——

[Fibor rotout arens, wi 0., =
fAuddress deneiy, ey R -

Brkkwnons o4 1100 00—
e L
[ I T
[ R -

B [ ens
=100 Addegiieg

e Betiir B3 Canaty,
Area = 800 T4B8km2
Wi = 24 R
H e m S km
FRATIER = 15507

A = TG

= 3N = 30405
HA 00w BEHET
=300 = §1Era?
Ll Eget e f ]
Fi=300 = 47819
W OO0 | m 74T

Fiber
deployments
around
Amsterdam

Digging fiber in
city centers is a
real challenge

7 Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO

Broadband World Forum, 23 Oct 2013, The Netherlands



m innqvation
for life s —

Fi= Tools Expot  ‘Windom  Help
S N p—

Listomnoe

— vinibie | Selncied Seme——

0,

B Fiber
e :..,:D% | deployments
— A 7 aroune

; i =" | Amsterdam
E E r-_:z' Du" l::.l_ i MEE.

o e Digging fiber in
i city centers is a
o real challenge
How often can we deploy Hybrld FttH (W|th
s G.fast) in stead of Full FttH?
%, And what can we gain from that?
™™o Ciant L= b L s SO 1" .

8 Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO Broadband World Forum, 23 Oct 2013, The Netherlands



innovation

-————m for life s a——

=100 x|
Mo Tods Expat Window Heb -
—" T [ [— Rl [Per— g1l 0 8 p— ] o — '\?‘ -L__F _.I
5 § googbeo T i Morfcam
¥ L / Lo i e
Desimnoe * | ] ARl (e Srrafeiyss - — -
Z i [E— =3
m ‘f MM | Mmspa Zau&mad Zaandam ihm e ]
R \ WS
o ey Sl \ - j s = | Let’s study the
g o . Geometry of the
Fwr okt armes w1 -] - - Woeky \"‘-. ,,;-"‘ , y
of CoEa (Certial o = | ;M, - . Rty e COpper
- v ' te AN }\ )u.., 2 | infrastructure
([T I-H m::: i B 1@;,% =0 : {ERTH] -
[ 2997 wispary |- & Wi [0t
: e i .;-;\.'::.nh 4 . m S
|-W:r;ﬂma o Hatwsg e L e . b

m
Geuranvels l-mn'%
v
ke,

..i?'fr .

CIEPTTE

Rireatag

e Ciant ¥ PR, 7

Several central
offices

1
Viaesp
.
T
|
G-F:IIIFII" E -
D Hags, I
Chibebreapred =

EEE ] Lccamion itiBvA” (R 20480, RDvetS88d) (| nink3 3554, [oned £7885)

9 Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO

Broadband World Forum, 23 Oct 2013, The Netherlands



innovation
I 00000

for life s a——

— i ¢ Snlncied Seme———
FOOE=CI00 0T 2

ERANRITTIICTT of 2078
FPoat=C 290N 1 230 of

[Fibor rotout arens, wi 0., = |
W

MAN For [ to———

e Ciant |~

Let’s study the
Geometry of the
copper
infrastructure

Many street
cabinets of
different sizes

10 Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO

Broadband World Forum, 23 Oct 2013, The Netherlands



Fi= Toos Expmt ‘Windom  Help

R, ¥ | [ -
X

¥
Listomnoe

innqvation
_—— for life s a——

— =[01x]

— inible | Exlncled Some——
FOGE=3202 01 32

FPoat=C 290N 1 230 of

-
ERANRITTIICTT of 2078

[Fibor rotout arens, wi 0., = |

[Epioyment ot VIELZ . -

— Doplicsrmatd query

I vDEL2ED

= YDRALTW

O 0 s Cabue

W wx="20m

B W< Zom

. 10 % - 20 m

[ Vorscesd e i BrTIcE)

] Comnend citca

e (Al LTS

Eslimestedd Darwenestream
1 A Mg (D00 B
30 325 binks (medinone)
S5.057 Mofs (wocrlend)
Bsstimated Lipstream
FATE MLE (D00r v
18 FAT ol (medinore)
9000 Mg [cocelend)
sty e deployrment nodes
WAN=F10T= [Eir=3.7%
WPt SEOEaT & GO
i RGN Ml
WA R S (42 )
orl=118898 (20.5%)

Shirw et EEtriadicn :|

e Giant

b el

o

Jwarnen

&
Fu.lFlu-. _-"" .lm'
LI YT
T

L . 1
e B
B = '-'“ﬂ'l:q‘::}ﬂ
= Sy g k]

] i
i -:.- i

Let’s study the
Geometry of the
copper
infrastructure

Many street
cabinets within
200m from
homes

Quite convenient
for G.fast from
existing

cabinets!

BT L CoATICN MOEVA® (REw] MOS0, Mlre s MASEH) (Lain? 3854, Loned K788,

11 Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO

Broadband World Forum, 23 Oct 2013, The Netherlands



innqvation
_—— Iln for life s a——

BT ——_—_—e =I0ixi
Fi= Tools Expot  ‘Windom  Help
e LA e [ ] A — T W A " 3 ] W
x J ; wan = u i - 4P|
e - PR L L] ) Foures-Figurez =10/ x|
o ; ‘i‘....':'. * File Edt Yew Insert Taals Debug|Deskl:u:u|:u Window Help g | A X
2 E) stad =
FOUD=3202 0f 32 N L
s | M\ wheds| k|&RaQN® (€08 (00O BmAa =0
FPort=51 EI90M1 350 of 5
ez = o B..n ue Cumulated length distnbution beyond 3277 distribution frames
(L= " .} _‘
42 100 T T T T T T T T
ez | i ) : ' . i ' ]
AR R
oIvDELZ b -| e L : i j V : i i ; :
ot _{iptel T UL 7 S OO U R N
r voaeo i 3 -/ I g T o pr e Iy b A VT I
Yo e : : . : : . ! : !
S s 5o | R L Bl B S e e e
B %< Fn e | ' ] | ' ! ' ' '
[ BRLE S Hm EB] = e
|l ircen (e o prrnes) T H"‘ﬂ &0
] Comnend citca . * E g
o ChARL 2 T8 it E 50
Esiimted Dervmstresm s & &
21 450 MR (D00 W) 40
MMk (medocrey | @ i
55 157 Mils [wecelend) o— 0
Bsstimated Lipstream unnden
94 Mol (pocr b T » 30
16 75T Moz (medincre) \D
F9NN Wl DccaBond » 20
zd deplosyrend
‘r:.!.ll-ﬂ{:?-wﬁum : * ‘ ' ‘ ‘ ‘ ' '
WPAAeSESEaT & Al ¥ 10 :
st | i In greater Amsterdam
Sorl=11803 (20T i : : : : : - . . .
Shw lghh dsitation | 0 | | | | | | | | |
NSt = 0 100 200 300 400 500 600 o] 800 900 1000
s L Length (m)
m o s
o = =
et b
DTS = . PR [T
Mr.lu-. " -.‘.-m#wl | i
] o ] i i i ] ]
ol - Ty e *
“Glant kst Bt ' 5 z AL o u.:- ;-
EEE ] Lccamion itiBvA” (R 20480, RDvetS88d) (| nink3 3554, [oned £7885)

12 Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO Broadband World Forum, 23 Oct 2013, The Netherlands



m innovation
N

Fi=  Tools Expot
T ¥ T I— RO a1 T = |

for life s a——
I [ |

X S0O0MOE 1DEADG
¥ ORI A
Distonoe= 11 238 km

Koog san
o Tann

My

¥ =) AReradd |

K
— ‘vintisle | Eelacied Seme—— .'F
FOGE-38 0 73 F e
P o |0
FPort=500 BRI of
DOSTIERR 488 o

Zaaratad
Mweprma

[ra shages= B
WA Fw [ 1oh——— 1
Hesbiis

A i
TR

Coll T =
7L

Halterdy (]

e T _ﬂ:yl

Geursnvel: Bmammes

0 O Zigten
Badromy g

i
Romwsderg it f I

Sn ksl ik L

“ Gial'lt - Ay 7o T Ty ) -

Llonnickencam

Let’'s focus on
the center +

| surroundings of
Amsterdam

h

Many street
cabinets

;
1 ;’
IP:I

copery dores in 21 7s

13 Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO

Broadband World Forum, 23 Oct 2013, The Netherlands



Fi= Tooks Expot

ER ¥ ot S |
¥ RFTERz
Distonoe= 1 525 53 m

— ...........ﬁ[‘.j T T =T =
15808

AST 46408 f b TARA W‘"""”f

‘Windoer  Help

innqvation
for life s —

4 el il M ey yysin,

— i ¢ Snlncied Seme———
FOUE=30 ol 33
AN MO AL o 2078
FPgat=E0N BROE01EE of
AU T B L o

"

BZa
ZLaandam

Cling

Zaaratad
Wl

Magpa

Rl

Frovme ]

[Epiomert of G sact b -

— MIODE Fiaw (L W)

Ragpul

Wi gt [ -
Tm Iu-.uh 1|;||| -
MnModsze [ 1
Mia Vasine Sipe
Dogl. Tolwmrw

7 Tl o
[T other pocecia
I ]

Im LA

e Lenglh ceie
= e distr
¥ Cod osic
Inrtad LenL oo

£

Hiwtida

i

R e

Goll Cab?

rp

L]
£t

b - o
Hiilardy

[.:

AT
1L R e |

Geuranvely Bmames
L ]

Zwanenburg & By

—

— Mk Fordd ¢

Topology beyond 2 22 Kl
1DEETE wirngarg

G ineakang

BA53 minkes

Lbsing 0355 C-iaert naodas
00 ko N reech

i LAt i B

AmElalvesn

#mstarkam: Juidoosy
A%

s | -:-I:
LT

Dt ke
aan e fSomisl
it}
e

o (i3

Ehafe Bt

£ H
i
T
i

Fopeadnsg = GeifiETen

FITP AN Thihbpsaps

L

e Giant

Ay 7o Ty )

Famom

E DurgpedaT

e L]

(-

[ ]

o

Let’'s focus on
the center +

| surroundings of
Amsterdam

Many street
cabinets

For covering
>95% with G.fast
we should
consider splice
locations as well

e

@ = sslection dones in 51 33

14

Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO

Broadband World Forum, 23 Oct 2013, The Netherlands



m innovation
for life s a——

Copper length from these street cabinets

Length distribution beyond 2122 KVD areas
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Copper IengtﬁF\ from potentiail;: G.fast nodeé @ splices

Length distribution beyond 10358 Gfast nodes beyond 2122 KVD areas
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Size of G.fast nodes (# locations served by a single node)

Size distribution of 10358 Gfast nodes beyond 2122 KVD areas
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Size of G.fast nodes (prevent nodes<8, “too” small)

Size distribution of 7334 Gfast nodes beyond 2122 KVD areas
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Size of G.fast nodes (prevent nodes<32, “too” small)

Size distribution of 4889 Gfast nodes beyond 2122 KVD areas
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What are the consequences of FTTH with G.fast?

What are the additional cost of FTTH, when all streets cabinets
have fiber (due to VDSL2 deployment), and x% is implemented as
Hybrid FTTH and the rest as Full FTTH?

Cost assumptions

Homes Digging costs 25€/m
passed Fixed cost per node 500 €/node
Variable cost per node 25 €/port
Homes Digging costs into the homes (6m) 25 €/m
connected |Installation costs (full FTTH) 300 €/home
Installation costs (hybrid FTTH) 0 €/home
Homes Equipment costs (Full FTTH) 50 €/home
activated |Equipment costs (Hybrid FTTH) 50 €/home
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Cost analysis of deploying Hybrid FTTH with G.fast

CAPEX in MEuro

350

300

250

200

150

100

50

Cost comparison of deployment to 10813 + 349798 = 360611 locations

(c) TNO, 2013

Full-only FTTH

228.9 + 4875.4 = 5104.3 km digging
9.5 + 244.3 = 253.8 MEuro

879 or 698 Euro/loc

I HA, 50 or 50 Eur/loc
I HC, 450 or 0 Eur/loc
I P, 198 or 148 Eur/loc

[ | HA, other, 50 Eur/loc

S HC, other, 450 Eur/loc
I HP, other, 379 Eur/loc
sum: 879 Eur/loc

sum: 698 or 198 Eur/loc | |

Full & Hy brid FTTH
228.9 + 1520.3 = 1749.1 km digging
9.5 + 69.4 = 78.9 MEuro

879 or 198 Euro/loc

In Amsterdam city and
surroundings

360 000 locations
2100 street cabinets,
10300 G.fast nodes
100% deployment

Full-only FTTH
a 254 M Euro

Mixed FTTH
(Full & Hybrid)
a 79 M Euro

Most cost savings
due to “Homes
connected”
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Cost analysis of deploying Hybrid FTTH with G.fast

CAPEX in MEuro

350

300

250

200

150

100

50

Cost comparison of deployment to 69943 + 290668 = 360611 locations

(c) TNO, 2013

Full-only FTTH

2007.6 + 3096.7 = 5104.3 km digging
74.7 + 179.2 = 253.8 MEuro

1068 or 616 Euro/loc

I HA, 50 or 50 Eur/loc
I HC, 450 or 0 Eur/loc

I P, 116 or 78 Eur/loc

[ | HA, other, 50 Eur/loc

S HC, other, 450 Eur/loc
I HP, other, 568 Eur/loc
sum: 1068 Eur/loc

sum: 616 or 128 Eur/loc | |

Full & Hy brid FTTH
2007.6 + 514.3 = 2521.9 km digging
74.7 + 37.1 =111.8 MEuro

1068 or 128 Euro/loc

In Amsterdam city and
surroundings

360 000 locations
2100 street cabinets,
4890 G.fast big nodes
100% deployment

Full-only FTTH
a 254 M Euro

Mixed FTTH
(Full & Hybrid)
a 112 M Euro

Most cost savings
due to “Homes
connected”
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Cost development of FTTH (prevent small G.fast nodes)

Amsterdam (city+surroundings, 360611 loc) - total deployment costs

100 \ \ \ !
100% = 253.82 MEuro = Full-only FTTH
90 N n
80 —<— Mixed, Hybrid-only locations
70
S 60
(7]
1
S 50
o
=
& 40
o
30
97.00%
20-96.17% O
-
95.30% 94.15% 91.48% \%0\\@
10 - 813l g060%
0
0 5 10 15 20 25 30 35

minimum Gfast node size

In Amsterdam city and
surroundings

360 000 locations
2100 street cabinets,
100% deployment

Hybrid FTTH with
G.fast is significant
cheaper than Full
FTTH ....

.... especially
when we prevent
small G.fast nodes
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Cost development of FTTH (prevent small G.fast nodes)

Amsterdam (city+surroundings, 360611 loc) - total deployment costs

100 \ \ \ !
100% = 253.82 MEuro = Full-only FTTH

90 -~ Mixed, all locations N

80 —<— Mixed, Hybrid-only locations

70
S 60
(7]
@
S 50
) 100%
= 100%
s 40 1009 100%  100% o
2 100 T O

30 oo - i 7

97.00%
20-96.17% =
-
95.30% 94.15% 91.48% \%0\\@
10 — 81.31%  80.60%
0
0 5 10 15 20 25 30 35

minimum Gfast node size

In Amsterdam city and
surroundings

360 000 locations
2100 street cabinets,
100% deployment

Hybrid FTTH with
G.fast is significant
cheaper than Full
FTTH ....

.. especially
when we prevent
small G.fast nodes

But remaining
locations are more
expensive with Full
FTTH
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Is this typical for all cities in NL?

* Another geographic study & Den Haag
* Very different beyond street cabinets
e Similar results beyond “g.fast-nodes”

25 Feasibility of Hybrid FTTH with G.fast - dr. ir. Rob F.M. van den Brink - TNO Broadband World Forum, 23 Oct 2013, The Netherlands



m innovation
B for life s a——

Is this typical for all cities in NL?

* Another geographic study & Den Haag
* Very different beyond street cabinets
e Similar results beyond “g.fast-nodes”

 How about other cities in NL?
 How about elsewhere in Europe?
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I
Conclusions

detailed geographic analysis of Amsterdam,
using huge databases, covering all wire pairs

20-200m S
v—.
|

/o ="
D
= "‘
- Deploying up 1 Gb/s requires fiber 4GBB (Up to 1 Gbis) FF;L

- Full FTTH: feasible but expensive (c) TNO Meter closet
- Hybrid FTTH, with G.fast: is often feasible and then much cheaper

- Both FTTH solutions require a network upgrade (digging, installation, ..)
- G.fast nodes @ selected splice locations & good location candidates
- Amsterdam: 97% within <250m, 70% even within 100m
- Typically 35-60 ports per G.fast node, on average
- (We observed similar results for Den Haag)

- Cost savings by using Hybrid FTTH are significant (CAPEX)

- Amsterdam: “Hybrid” is only 30% of the costs of “Full” FTTH
- Most savings in transition from “Homes Passed” to “Homes Activated”

Consider Full and Hybrid FTTH in your 4GBB deployment strategies
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