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Abstract

Key words: Broadband Internet, network access technology, Fiber To The
Home (FTTH)

In an effort to improve the efficiency of digital broadband and upgrade the
quality of broadband Internet service for the benefits of general public, this
study concentrated on broadband Internet technology with emphasis on
broadband technical research and ROC broadband policy. For this purpose, this
study had extensively examined the statuses of Broadband To The Home in
many countries and gathered the data relevant to broadband development
strategies. Moreover, this study reviewed many types of broadband services
such as FTTH, FTTB/FTTC + xDSL, FTTB/FTTC + Cable, FTTB/FTTC +
Wireless, and FTTB/FTTC + PLC adopted by various countries such as USA,
England, France, Japan, China, and Singapore, focusing on the differences
between the broadband services provided by telecommunication service
providers, such as Internet speed, the timing of use, restrictions on services, and
access efficiency.

The research results indicated that, as far as network access is concerned,
broadband service providers in most countries provide users with high speed
network services through FTTn and xDSL at this moment. Nevertheless, all
broadband service providers will switch to FTTH sooner or later. In this
connection, how to accelerate the access speed remains the most crucial task in
the days to come. Presently, most telecommunication service providers use
VDSL2-related technologies and upgrade their technological capabilities
through the cables that have been installed for commercial service. The
difficulties associated with deployment are considerably lower. Equipment
providers can easily upgrade 1TU G.993.2 VDSL 17a version or lower versions
and thereby support ITU G.993.2 VDSL 30a simply by upgrading their
firmware. There is no doubt that the upgraded specifications are easy to follow.
Therefore, Fiber To The Building (FTTB) is deployed in many apartments and
office buildings; Digital Subscriber Line Access Multiplexer (DSLAM) is
connected to digital wires and divided into several segments for small-capacity
users. In huge areas like residential buildings and industrial parks, Fiber To The
Node (FTTN) is deployed to accelerate service speed and thereby surmount the
obstacles imposed by distance at the same time. This study had tested all access
technologies one after another. The results indicated that, when transmission
speed reached 100Mbps or higher, fiber transmission lost the smallest amount of
signals under the restrictions imposed by distance, followed by coaxial cables,
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xDSL and PLC, whereas the largest amount of signals were lost in wireless
transmission.

To cope with the growing demand for high speed broadband, this study
recommended that fiber and Ethernet should be deployed in new buildings;
meanwhile, old buildings’ VDSL2 specifications should be upgraded from 17a
to 30a; the specifications of coaxial cables and ITU G.hn should be upgraded
as well. Moreover, FTTC, FTTB, and FTTN + node should be deployed
together with FTTH. It is important to note that the installation environment
varies, depending on the location. Therefore, new buildings, old buildings, and
roads require different access methods. In conclusion, this study presented
recommendations for the modifications of the Regulations Governing the
Technical Specifications for Telecommunication Equipment Deployed Inside
and Outside of Buildings (Attachment 3) together with tangible
recommendations regarding the future development to the project grantor for
its reference.
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\ Cog)r:
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w3 4 >t 512Kbps » $5+ VDSL2 + {73 % - i & 1~8Mbps # F o k5 %
HEF e RRE 120 BRARMEE H Y 245 12 B R A F Y - Aoy g o
ADSL @%J FooFamfgT o REI100 BTARMELY s 5B FH
TR ARAE g o

10 British Telecom + # 5 # = % & e peid & ¢
http://www.productsandservices. bt com/products/broadband

Y Orange Telecom  # 5 % & % &7 e jtid &
http://abonnez-vous.orange.fr/residentiel/offres-internet-fibre.aspx?rdt=0
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(= )Royal KPN N.V

"3

= S

E 2 L LT A S LS EXE s i‘mi;%é‘rﬂ}%iz"z»
P F,’ZOOBE Fet 690 § H T A ¢ o 220 § 4

PpH 5o @ ;ifa"r%?? AR fIpES g 2080 F T d At oo f7

e RD B kR ;}&m#ﬂ o R S I T 12, ERNE 513

23] 10Mbps 4 F ik & > 2012 # G L 2 T i@ 4 50Mbps i&ﬂ 3

80Mbps + i#:# ¥ A 8Mbpsc

FWe 322 (Royal KPNNV.) » §- 3RS T 2 REIRMFELE
7+

T AtheH

#m4c i 7 5 (Singapore Telecommunications Limited, SGX ) £_>+ & #
30*&:’1%@5&@%%%’ Peoh s PR RS R 0 R TALTFRET
FPRAR o RrAvEL R A b B %"3/»\::3‘_% Bipo s REAJLTE D
7 Optus~ S #FATE & FHE F o £ 1 2014 £ 81 ’¢?4c£iml p au#&
aé«ﬁxt h b B pRGE > T i 5 5 500Mbps ® i G e T I Joa;‘u

g2 xDSL # it » ADSL # & 15Mbps ~ i\«ﬁ‘ F o RS X FIRTE
i“%*”‘-b&’ PR ALEFTH G o ¥ by A 4G 7B 3R B 0 3% % 500MB
R 37\ FE R AG FREADREREESF > ATHET L 2 HERET VA

rpE =
70Mbps > % 80%:n % #pF T 0 F B * i F X 5 7.5Mbps o
BN E3]
¢ B R & (China Telecom) £ ¢ Bl < hHEE X > f & ¢ Frfp

WA E R R E AR E 0 FE & 2011 & 3 2015 & m—L L R BT
PREAL 2 > P BT A FTTX & 2013 # f2 6 100Mbps = ?FR%Z» ’
TR %L R A o et m B3| 2014 £ 4 3 100Mbps pRFE 0 E PR
T kg B il ¢ 3 100Mbps o b @4E F i 2Mbps e

? Royal KPNN.V. + %3 % = % ¢ gici# & : https:/bestellen.kpn.com/pakketten/standaard/internet

7
PR H DG RTR RERRER
http.//lnfo.singtel.com/personalllnternet/broadband-at-home/fibre-broadband-plans



B R P 7 A2

= N IR EARH »—v;;;,L?\_‘HL

# % 2014 # 3 * > OOKLA £ Google & it » % > ok T4F e faig B ¢
AP P F AR T RREFL LT o AU LB AT R
p &% % % BOMbps o [ #tid % 1 36Mbps » 4o Bl “H R o 23R i
£ RS FTTHFTTB 4 2 S5 - A “dekg > @ Wfcp 2 24
w12 3700 § fr 2470 § B4R S dkk R o

bps
80,000 -
[Hong Kong|
70,000
Singaporei
60,000 \
South Korea|
50,000 -
Japan
40,000 Taiwan |
30,000 _ ‘
United States‘
20,000
10,000
0

Bl 2-6 3k BOHE e BRI

" OOKLA # Google % B %47 & #cyp 742 & © hitp://www.netindex.com/



BT BRI o

22

& 4 B R R JRIAAR T

%=
- BAEEPORIET U ot R

F4tr o £ 1 2014 & 8

ey b I L E R AR P PRAR P 0 o T

VoAl T 2 T o %o hof s p oA NTT 2 732 5] 1Gbps > 5 #ick
%% FTTX /> #7 XDSL #2 DOCSIS £33~ » # i 45-152Mbps 3
#eniyiE % o % B Vorizon % 1 & FTTXCH ¥ oy fpe LTE 5

T o & & TSMbps s AT PRGE o

Z 221 L RAHE RIS R a T i 5

iR i K |
% §E i Y AT&T Vcrizon Comcast EarthLi KT Virgin British
(A F nk Media Telecom
> N FTTx/D FTTx/D FTTx/ Satellite FTTx/DS FTTx/D FTTx/D
P sL SULTE | DOCSIS L su/ sL
DOCSIS
1o B 100M 76M
Jz:_.‘.}‘«ﬁxrﬁ - 45M 500M 00 6
i & (bps)
—}i il %%—B"#C 6M xDSL : DOC.SIS 15M D?gzsl\l/? xDSL :
g 15M/ ' ' 17M
kM
Vian: SR e 150M XDSL :
i# & (bps) . 100M
* W e i E | AT
= b Orange NTT Royal KPN PR FARLE S

B f Telecom N.V.

«Jfﬁ- Br J}i f{ﬂﬁ‘ FTTx/DSL FTTx/DSL FTTx/DSL FTTx FTTX/IESL/LT
JIosd B : 500M 1G 80M 100M 500M
kg T

i# & (bps)

—E: 1 *-%—B’"#:jﬁ: VDSL : XSL: xDSL : xDSL :




FHF ] B R P E 7T 5 AR

W 15-50M 100M oM/ 5M/
P ?3@ B

ADSL : LTE:

(bps) M 70M

CEMRBRRRAR LRI R

P ik b BIEMIRASE K 0B ReRt 0 2 & o FTTn #7e xDSL
PR RRERERREIRIE EA 3 S RT RRREE T KT R
IARE A BN PR o SRR - TR AR S T B R kD
BRSSP é“?’?,f?‘ﬂ*‘éi‘*ﬁ * c1 VDSL2 4p B i > B3 H g AR h
PR R o R ﬁﬁ.fj{ﬁ@.l'& PR R AR C oM s YR
ITU G.993.2 VDSL e l7a & i 1"(. mh)id\ ) —1 &34 £ ITU G.993.2 VDSL
30a Hf o HA &%#ﬁr{p 28 3 v L “ﬂ“é'i:}iﬁ?‘ W B AR 0 L
PRE2RATFELE jﬁo'i»mm%?é’ o g PR S A kT
FHRPp (FTTB) > #Epefkit & Aafk ~ ‘51;\ (Dlgltal Subscriber Line
Access Multiplexer, DSLAM ) » &7 5 -] F &% = § ARE* = kX
Blfa~ % B oA T & 1 EF % > 7 1 RSB & L(FTTN) s %
3N HaE o PR RIME F B SURFERIRER o

= ~ LTE & 5425 JRi%

pavd T EY 0 F R Verizon #ATHH T G X0 R LTE K o4
FLPR IR R LDFE > - Ba T MR DBEE SRR
MBIt aRE A RETL RX W VEASRE LR HE L D
BAE 0 5B R AR JI R § SRR 6 BE o £ B Verizon 21 7

Fes s ko ¢ PREER RGO B T kY o
TR G- L FR R %F_%u" TGRS AR EVE Y AR ey H
TP ERE o B gk gt T D) 4G JRAR DR AR

Y FTTdp+G.Fast 327 %
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BiulIE%@ﬁ%Wﬁﬁﬁé%jﬁﬁﬁéﬁ?’*$34%§
AH o £ 1 2013 & 47 5 F 6 FRE R EFEH N LTE 3% Ao B
Kk o LTE @8 3kire B E § Fbig &i R RE g SRR A
R 22012 R ONTT & /6 2P A %E B nFRd 5 s pg
# o ko LTE 78 547 0% iy - DOCOMO %k ¥ 4% ~ 5% % 35% > 2
& RFELTE * #4 » 3o % F {17 LTE ot 70 B v i 12
FHERE > EX NTT Ap* s ayi Fire TR he dfohimdd
M SRR AL o L S R EEY ARE AR R ERNT
BEEMMLTE F AL MEHARLFT RS o W NTT 5 6> 2010 £
2013 & F#F ~ iﬂﬁﬂ“%‘»gﬁhﬂ P> BREL S £ TR 5% 0 F 2
FREBRTALNEVEOIREERE LR BY ARF R FHEH
EBFELHIERAE &rl”i'ﬁ’? BT R K ePe oo

T ik R B RO BIR TR

B B TR S T E SRR DT R PRI > RF & G Xy ehend
B Rt ;}?ﬂ %@' » AZEEARFE e LR S BE S R E LR
Footg AT BT i B T RERPIRE R h A i
&%,&QJQ%%%%Wﬁm;°

(- )ik BB PRI

FE R RRIRGAS R AFORE 5§ B S AR DBER - 2
Bl iRsriels o P ipde i an- Rl jst HA R an i SR 42 B
Be FALEEE S AR g Téi%ﬁﬂﬁ 5 wE BAIRAAEA Y &
SN HRRO S L BRI TR RS R TR B 2 s
N Faatﬁiﬁi%;f;\,_@&‘lfi\- Lz # ’xé@,ﬁ"fi\ RS R- L
TR L R

Fh BAR R R AR Y @mVSAT(Very Small Aperture Terminal) 2
& LR %*E#Q%PR%¢ Al EY 2o P dE 2R RER

% > gep:Research- LTE * = £[#78 e Tl L8 X £ p & TH IR rebrl R 2 &
http://www.digitimes.com.tw/tw/rpt/rpt_show.asp?CnlID=3&v=20130521-239&n=1&query=%B4%BC
%BCz%AEa%AEX#ixzz3CxvJjMf]
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Bl HRRRBIrEEBR LA HE RS 2 ﬁ**%%m&mﬁé
BRI S o ARt R xDSL v G T AR R H B F (v p
%%préhr%ﬁﬁﬁ%Pwﬁwﬁ¢nﬂrﬁ*”““J%ﬁﬁwﬁ“\ﬂﬁi

L v

(Z)7 4 REIHPIRIE

w4 gL (Power Line Communication,PLC) 1 #* %3 & 4 & > #-dc
PR TR I 2 e A f;ﬁﬁ?] o 2 Wmid a4 B ¢ (Federal
Communications Commission > FCC)2006 + 8 * i iF4ads 2 B T 2 5 4p
4 (broadband-over- power line,BPL) H it id-3k » 7 + 3 I (7 & IR 2
T’aﬁ%@F% ﬁu**%vﬁwp1®%mﬁomm% L
i—iia,Jﬂr%@ P%é- FAfeh% = ¥ FCC 3n i BPL #-4j2
#%W%@&n@@mb&’%@mﬁﬁﬁﬁj%&J&mﬁﬁiﬁo

PLC AR e b i 2% LGTRAL HA FRUH{A LS -
2002 & 4= >3k & 40 B 14 le?ﬂ?\’ i’é@ 100 Bd &4 27 REFER D
PLC #7533 - i R'E R > #‘i?ﬁ J"l 2 F P Alen PLC Hpa B

B P AT AEE - BB T g SRR N Y PR

FivegE o 219 d 2R EDF - ?fj“.‘g’{’? EDP‘iﬁ%—I EEF - & 19 Endesa
¢ |berdrola ?Uv‘i] PPC~ & R gt i SSE % B et 3] 5 B &€ & chb {4
2 - o HNF I AL EHATHER R FFLFHRRE G I
PLC # & 54 IRAS » w15 45 % & PLC JRAReNT 4 £X 4% 1 12
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RS TRBRRR S gL e L i U
&fé—@ﬁﬂé'ﬂﬁéﬁﬁ CF R EER & mff &, g 2Rz 14 xDSL ~
- '3%13\-1 v A H ¥ @@1 F & RIEB s 44
ke %’gd Ao\,,(?, [;%géql@,ﬁﬂ,&.m" Ny BT lJigéc—q s Jﬁmﬁ-‘&s&é;é
AT U SE RS YT

S E R e EE

WAN xDSL DOCSIS EPON/GEPON PLC
LS 17a 30a 3.0 3.1 | IEEE802.3ah/av | UPA | HPA
@ﬁﬁ]iﬁ Z | 180M | 200M | 160M | 1G 1G 10G 200M
max(Bps)

%o & L AHFTTH)

2004 # 7 £ 7 EPON g GEPON (PON Ethernet Passive Optical
Network) £_¢ = gt it ¢ F 4L« IEEE/EFM %% >802.3ah & % 3. & &_IEEE

802.3 & e R4 o Mg F * P PRIMIF R & Rk 2 > G/EPON ( Gigabit-
capablc / Ethernet Passive Optical Network) 4§ erais 22 > & = 5 B B
BT & RRiZEK2Z - GPON R { X <A TG ?{’i}‘ft“-ﬁﬁé% 2 E & 4%
B g 0 2010 & BAE RIS 7 TR-167 V2 % > it 5 GPON fp. i
w4 o 32 TR-101 ¢ xDSL % g Hojis - 5 & 6 & ] & fe B
FTTdp(Fiber-to-the-Distribution Pomt) FTTx + VDSL2 #B-%it > 322 &
VR URL e VR S L

GPON i * = f L £ : 1550 ~ 1310 & 1490 nm - JR7%: 73 P~ e itk
#> He 1550nm EFEF > @ 1310 nm E_i#iE gy 7 0 1490 nm
PIE_ @ fdp™ 7 o F (T8dpdr® » PF % 1 3P (Time Division Multiple
Access, TDMA)H sk % A4 % = B 1423~ > GPON 8T (73 B ¥ iE 2.5G
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bps ch7H @ HE & 0 A R ET 515
* = 10 3] 100M bps = E AR PRAE 0 ¢ {7k

Bok koo B % i S 128 B
% %) 1.25G bps » 4o B #F7 o

\.
.S
N\
\'
E - 1.25 GE-PON or

.~—"""Optical Line 25 G-PON
/ Terminal line rate

/

7

passive
splitter

Other !
network
services
Telecommu nication Neri;)rk up to 64
Backbone Networks nits customers

] 3-1 GPON At #- sk 4 e g,

FE- FHE A P 0 F i&";l Hfo prk 28 s B4 D 7 B
EHR i?”ii@@?%’ﬁgw*ﬂﬁﬁ%mﬂﬁ’ﬁ*?%u43
T RSB RPTEE BRI S W AR, TR IR TR
Fo BAEmAAE D FTTdp 24 * &2 i4p B &3~ 0Hag I B {] % xDSL
$1 GFast  $#& = PRARHE & &% KEE A A o 4o T FlE0T o “féﬁf‘sﬁl Pk o
G.Fast # 2 7 r1 & 4 43 34> 2 2 FTTdp @5 5

=
g‘ G.fast G.fast

Frequency Frequency

"r’liv'o%f‘«@ﬁaajsi

l

VDSL

Frequency
VDSL G fast G, facr
D 0 Cr f ast
VIISL I 0 VDSL G. fast 0 VD SL G. fmr
VDSL VDSL VDSL VDSL G fast G fw:t

B 3-2xDSL ~ GFast = 5 * %

7h



B A RSP RE G TR E

B2 H 4 SUR L PF(XDSL)

= = g (Digital Subscriber Line, DSL) » 235 @ dr 58 A
TG Bl S - LA 0 @45 0 OFDM 33 % i = XDSL 3t jiii
ied % # ADSL & VDSL2 # e+ ITU % 2006 & 2 # G.993.2 VDSL2 i+
g i€ @ 5 3 - 100Mbps & @i 4 -VDSL2 & p ¥ i & DSL
PRI > G932 R HITT A e il fsd 5 4 5 > 12 £ 2(G.993.2 Annex
A) B ﬁﬁ»’}#fi’ﬁﬁ Sfich 3000 40T A UTT o LA AR AP SRR H L EERE
FRET o RFREAE RS o § E2 e & 30a @By St 0 T
2 17a & L Mgy Sl 2 R SRR RREL S 0 4 W 30a A
B -3 5 5 200M bps °
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# 3-2G.993.2 Annex A @ﬁ%] % #ic

Frequency Parameter value for profile

1 Parameter
plan 3a sh 3¢ 3d 12a 12b 17a 30a

Maximum
aggregate
All downstream +17.5 +20.5 +115 +145 +14.5 +14.5 +14.5 +145
transmit power
(dBm)

Minimum
aggregate For For For For For For For For
All downstream further | further | further | further | further | further | further further
transmit power | study study study study study study study study
(dBm)

Maximum
aggregate
All upstream +14.5 +14.5 +145 +145 +14.5 +14.5 +14.5 +145
transmit power
(dBm)

Minimum
aggregate For For For For For For For For
All upstream further | further | further | further | further | further | further further
transmut power | study study study study study study study study
(dBm)

Sub-carrier

: 2 25 25 2 2 7 e ]
spacing (kHz) 43125 43125 43125 43125 43125 43125 43125 8.625

Support of
All upstream band |Required |Required |Required |Required [Required
zero (US0)

Not Not Not
Required |Required |Required

Minimum
badirectional
All net data rate
capability
(MBDC)

50 50 50 50 68 68 100 200
Mbat/s Mbat/s Mbat/s Mbat/s Mbat/s Mbat/s Mbit/s Mbat/s

Aggregate
nterleaver and
de-interleaver
delay (octets)

65536 65536 65536 65536 65536 65536 98304 131072

Maximum
All mterleaving 20438 2048 20438 2048 2043 2048 3072 4096
depth (D)

Parameter
All (1/8 ) 24 24 24 24 24 24 48 28
downstream

Parameter
All (1/5 ) mere 12 12 12 12 24 24 24 28
upstream

VDSL?2 f@ﬁiﬁﬁx% # & % 30a 4L 200Mbps > i * #g % 30MHz ~ Fab/e
#3479 T B A W@ * VDSL2 17a £ 30a %1% ﬁ%&&%ﬁ&l‘? @@?]i & A
i o d BV Aoy @ﬁiﬁ&&%‘pﬁ? 500 => &= p s f?@ﬁiﬁiﬁ F %1175 100Mbps -
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. —#—FBR17a, Fextfree

t.....] ——BB17a, Moise: 49 Self disturbers £
===BB17a, Noise: 15 Self disturbers MT114-noise) |-
.| —®—EBAl7a, Fextfree :
BA17a, Moise: 49 Self disturbers :
———BA17a, Naize: 15 Self disturbers (AT114 naise) |

120

LineCapzcity Mbps

100 200 300 400 500 GO0 700 800 200 1000
PE4-loop /m
RvR Downstreamn, 30-Frofie

—+—BE30a, Fextiree

—BES0a, Noise: 49 Self disiurbers

| —— —EBE30a, Noise: 15 Self disturbers (AT114 noise)
—+—[EA30a, Fextiree

.| =™BA30a, Noise: 49 Self disiurbers

— = =—BA30a, Noiga: 15 Self disiurbers (WT114 noise)

280 e

PN = eh SRS o s e sted

LineCapacity Mhps

= g s

s e

i L i 1 1 i 1
100 200 300 400 500 EC0 700 300 900 1000
PEO4-loop /m

@B 3-3 xDSL i# ﬁﬁlﬁﬁ R giar AL Y

ITU %38 VDSL i &£ 2 8§ B io i i = g & #
VDSL2 & & = G.Vector #74.% » ™ % 4] 2 37— ~ VDSL % G.Fast >
EP{ BFUFRFENA 0B @ﬂiﬂ?]ii F % > G.Vector #fz G.Bond ##
IV~ tgde = g &

VDSL2 ®_p w FTTx fepti & DSL 4ZB-Hi > 3% Hirik 8 1% jbrip
w 1Gbps ™} e3 @@@?Jé‘é SO & IS E - @@?ﬁﬁﬁ” ~ R R
(Impulse Noise Protection , INP ) ~ i)i'“$€ F 11 2 AF i Fyes(Bonding) Hoke
% LIRBHEC e AW VDSL2 B M T IRAEFTER FE2 - o

ITU-T ‘=% 2010 & #4537 G.993.5 #tij “,f PR e E B gt b 2005 #
¥ G.998.2 ¢ F3HE G Gyt S RS @ ﬁi%]_%i F1TU-T 5 2% 2014
# = = G.Fast(fast access to subscriber terminals) » P 1% % 4F 22 @ @?Jﬁ T
F] 1Gbps » % 2 3 BHEEPF KL §22F o
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¥ = & 5 sUdy $(DOCSIS)

IEEE (Institute of Electrical and Electronic Engineers » & + & #% 1 427
t g ) 31994 # > 22 g RFARRpIEED 7] 2 (IEEE 802.14) - &
$- BEEFRTFREIASES  Ld NRPEREBBRG TF @
- SR - - IR S O Au, #& 11 Cable Modem ﬁv@zﬁ%ﬁ%iﬁ TN i S

® DAVIC (Digital Audio Video Council » #i=% % £ A ¢ © MR i~
PFR el F LR E)

® SCTE (Society of Cable Telecommunications Engineer » 4 3 % 1 4%
FPE€)

® MCNS (Multimedia Cable Network System » % 4588 4 4 e g2 & 4L)

H ¢ MCNS #ri& 41 DOCSIS (Data Over Cable Service Interface
Specification » s ficdy FALUPRTE 4 6 R4 ) HE > H R RFGE L 70 2
AR G ER REEANA FREE LB BB ORE S
% 1% # DOCSIS i 5 Cable Modem /8 ¢ 2.2 - DOCSIS 4= £ % 44 2 1 &
Cable Modem =& # » 4 1999 # % i CBF (Cable Broadband Forum) »
PG R 7 L RIS 4P B 4 9 MCNS #7= = =t % | Colorado
1 CableLabs (Cable Television Laboratories, Inc. » 3 T A7 %% i ) 'rﬁ‘ﬁé%
FHS 3L o 7L 44 2 Cable Modem I i iR 2 - 1998 # 5 ITU 3
¥ oo B3 w3 1999 £ f& 41 Euro-DOCSIS vk & 5 F b s DOCSIS © §_
& *% Cable Modem if * L& o

B By 48 o 2 R4:.-DOCSIS (Data Over Cable Service Interface
Specifications) > } EER%E T Z8E ¢ < 27 - 1 & DOCSIS 3
RfPp -7 03 * > DOCSIS enih i 3 % &3 ﬁajffu‘-*f‘-"'”r%\ *
" CableLabs | & o ST R e ST ARLRE 0 1997 & 5 B DOCSIS 1.0 5 »
DOCSIS & «E/T‘uw@’?ﬁ » DOCSIS 1.1 4v» 7 Tk 22 5 ] o &
2001 # - DOCSIS2.0 4 #7 { % ¢+ Berng 57> 7 U477 5 42.88Mbps >
@47 % 5 30.72Mbps - 2006 £ - CableLabs 7f & % % 7 H-$ 41 §ehg &
A RE~  RBITFUEE S 343.04Mbps ¢ i@ E 5 122.88Mbps >
2 L IPV6 frgx * AES 128-bit c4c % & 5152013 & 10 * # 41 DOCSIS 3.1
Hoge o APt 30 HRMee L 0 PR DFEFF ZAEHR Y 0 Ap R H D
7 & A 4eiT 50% o FoRL i ﬂig?] £ v JE B OR M ah s £ 8 343.04/122.88
Mbps( iz * 8x4 channel bounding)# = 2 1 Gbps- & # 4% & 7 DOCSIS 1.0



BT RSP E T 5 AR

FIR A & kst F ordx * ©h DOCSIS 3.0 el » #1277 @ fig F o™
%\' t:"i‘ /“ °
% 3-3DOCSIS 7 I 4 & 2 @ #ijit &
Synchronization speed (Usable speed)
DOCSIS Version Downstream Upstream
1.x 42.88 (38) Mbit/s 10.24 (9) Mbit/s
Euro 57.20 (51) Mbit/s 10.24 (9) Mbit/s
2.0 42.88 (38) Mbit/s 30.72 (27) Mbit/s
3.0 +160 Mbit/s +120 Mbit/s

2012 F A2 7 RTAREYFH » ¢ g+ DOCSIS 3.0 Rjoit 7 4
BeiEE 0 £ % T {7 100Mbps s §: > CableLabs 4+ SCTE ( The Society of
Cable Telecommunications Engineer » % F 7 SR & AL 3 T AZFF 5§ € ) = i
DOCSIS 3.1 %4 » 35445 #-F R 4ei ™ 7 F#/ 2 1 10Gbps » §e4 3
RTATYF RS AT RS F s 4 o 2 ¢ 47 F1(Channel
Bonding) > £_DOCSIS3.0 %7 » B £ & ¥ ci— JE# 5¢ > i B 7 B 1Y
AR k0 R TR B R A B R ERE B
W FE TRt o & DOCSISLOLL % » - B ) {7
B % 4% & 10Mbps #9F > DOCSIS 2.0 B £.4% = 7| 3 & eFuif B o " F 47 i
Frenst e 4 o DOCSIS30 v mfr e B T AR e o d 1
EABTAHETEE o o7 B 0 Apgt DOCSIS 2.0 s 772 54 4
I8 Beh & o e AR B AR HO B it v B R Rk
o AR L REIHMT NG S R PR P o e T 0k
BT ALEE F BAE G E o RS MBS R DR F
PR G RS
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" DTl server
4-channel bonding
for a 4-channel modem
| DTCC card
£ 4 4 channel
J[ ‘L 11 »]_ .| wideband
< cable
. Edge Nl modem
QAM o 8 channel
Cisco uBR- »] | wideband
MC3GX60V —F > cable
CPU/RP | | cable interface L I\7 = modem
line card T
8-channel bonding
for a 8-channel modem

Cisco uBR10012 CMTS

249084

Cable fiber node

] 3.4 DOCSIS 3.0 Channel Bonding #:jis

DOCSIS 4 &_+4] T_#f =4 e CMTS( Cable Modem Termination System )
e % = =4 Cable Modems (CMs) 2. & » ¢ 42 & (Physical layer) f= MAC
B2 1 (AR FALRG > A IP K B FAL o F M A e
OGN T ERELAT R e B 2 1 0 MAC (Media Access Control )
R el 34 % (protocol ) Bk & ¢ F T2 i g 2 BB ek £ CMTS
SArHlY o oHFCHER & % | g ik BB H G Ao UM E R
ZHFE S B T R e

Upstream Downstream Downstream

Digital analogue Digital
A A A
- N N\
Al
5|50100 200 300 400 500 600( 700 800 900 1000MHz

1~2MHz 6 MHz
2 ~10Mbps 30 ~ 40Mbps

B 3.5 CATV Networks #z % 4 fie |+



FAT ] B PR G G

H ¢ BMHz~42MHz % & §_F #4874 » 3 * FDMA(Frequency-Division
Multiple Access ) =7~ ;% » 12 1~2MHz =g 5 4 2] = % gid ;g (channel) >
& — § channel £ ™ TMDA (Time-Division Multiple Access) 17 3%+ %)
= 5 B pEH (time slot) » & - BRFHE E A A P AL minislot o & & - §
Upstream channel 1+ 7:& & % 4 3% 2~10Mbps - Downstream bandwidth §]
H_#- 450~850MHz g 4 4 &) = 5 BH4F % 5 6MHz 0 channels » = - §&
channel ™= 7:# 3 % & 30~40Mbps 2. ¥ - 50~450MHz % & SLdg vt 7 4R @ﬂi%l
Wi o A& 6MHz 5 - BRiiE o H =t 450~850 MHz R+ § it #ic = B PR
FRZH o TR A - S AR AR B T .

1395 DOCSIS 3.1 4o chp ¥ 4 » & 5 & 2014 & B 4 VIR > Bje eh
20 4 2015 & fr 2016 & 4= - CableLabs 3 5 DOCSIS 3.1 ch3f 8 pF FF £_
WOH R R > & 32 WIMAX o LTE § { Bif chi i g o it 4
,}i“?‘;; F LB o

DOCSIS3.1 5 g 3.0 { '}#ﬁﬂ.%]&&%%pfﬁ’iéﬁg?l » H g A BRI e
256QAM 1 #] < 7] 1024QAM # 3 4096QAM - i iF { % o 3 11 * & o
OFDM #Ljtr > 11 2 { B e eyg & #84] LDPC & 78 > 2 = 370 FEC 3
#> p 3 DOCSIS3.1 -2 7 3 5Gbps @4 § & 47 7 § 500MHz - @
ke DOCSIS3.0 &7 2 & 780MHz - DOCSIS 3.1 + T Feig * #AF 5
RREER > AL ZIPEAT AT o BB P HRA ZE DT {5 A
10Gbps - F @i & 1Gbps -

# 3-4DOCSIS3.1 } T {7enig * g 5 &7 i ﬁa?lzi R

Tﬁ@ﬁ Jﬁ@ﬁ
¥ - R 750/862/1002 MHz (42/65 MHz, 200
(p#) plant (6 Gbps) Mbps)
i 1.2 GHz (7+ Gbps, amp (85 MHz, 400 Mbps)
upgrade)
N 1.7 GHz (10+ Gbps, tap (~230 MHz, 1 Ghps)
(Bt p i) upgrade)
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¥ & 73 3§ (3G/4G)

F = ® 7l o (3rd-Generation, 3G ) &4p L ¥ % # Tk f_;i;ga;]ﬁa
BEABBENPEN RFFREES (A5) 2 T 52 AEkd
ﬂﬁﬁ”“**%":Aﬁﬁiﬁmhiﬁwggmﬁ’}&ﬁﬁ@g
WOEAERY ¢ REIE P R e S BRI c S A AR B2 AL
#% % 1 73 P~(Code Division Multiple Access,CDMA)H i+ » 2Z v & & *
EHEFUEN > BT T EFEING > WERBAFR -FLI S P o
CDMA {7 #3830 » BM355 A i3 5 BBl 7 w B 416 H
de— B P Bk Lfﬂ%lﬂ} e LI RS S il el r'»}; B4 } }fﬁpf'ﬁ*/ﬁ%’?f
Hoenig * iﬂ" BT il AR T A o N

;{Fﬁy—-ﬂk’l’r*"g Q;}\’%}iﬂ'bg
6 R
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B 3-6 CDMA H jisz p

Yz iR (3G) L_WCDMA A0 5 PR IFIER A BB
( High Speed Packet Access» HSPA )z 5 i 3 HSDPA~HSUPA 12 2 HSPA+
48 11 cHSDPA % WCDMA T 745 P 3% -3t 4 2 dcdy ¥ 730 -  SMHz
i“iﬁ»l m@ﬁg]@a v i 14.4Mbps (4 * MIMO #Hps > p)v £ 28.8
Mbps) - *} {7 @@?Js\ F ¥ i 576Mbps o & = % {7 # i 2 iF ((Fourth
Generation,4G) 7 LTE-B %% ¢ 351 » 256QAM 3 5 HjiF » @31?]53 xviE
1Gbps -
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d Fprm 2 3G 7 4G et B e endiis 3G 11 A% 5 £ &3 (Code
Division Multlple Access,CDMA)H i 5 +5 0w 4G 12 1+ 2 4 4 % P~( Orthogonal
frequency-division multiplexing,OFDM ) #fe % = %m‘i%l % * 4t (Multi-input
Multi-output, MIMO) & +% < i » OFDM #-3 i# ehF L & wﬁ#’ =TT
g e+ FoA AR o TG i i f;ﬂ?ﬁi%l dAREE S BN o A R R
s BOAE 1 * I (spectrum efficiency) > 3 v & SLennF @Jﬁi%l;é o i
OFDMA 't n & CDMA gk jis » /,,\ﬁa%/w’i Br2nFRELEFEE &
- BAE ‘;,F\Hﬁh]g’y.%zr'q_\; THEARBTRT R i’T'/F glé%}im;mﬁx
%’zi—;ﬁxymlﬁ'**-ﬁ’w}’?'ﬁ%ﬂ& T?‘ﬁqi‘ "@‘QF oo TR RS i
%@ﬁ’mﬁMA?uﬁﬁ&ﬁ$%F%?ﬁ%ﬁﬂmgm’ﬁé%%?ﬁ
*ER ié@ﬂi%ﬁ BB 7 i ThRAFEHE AR * - MIMO @*‘?]
T A AT B IO B AL p I B EE P AR B
MBI RRRAL  BOIRHR - BHIFL RA- BRILAY R
o REK NI 1~100 (9100 3F 4 s R L o dek g S B E A B L
T L it engn 100 3 0 ke - A Hoh TP g o AL
IR 0 ¥ E‘E?‘rﬁtA FHED > PRk B FED 0 BEEE DTk ¥ oA
A SR EFRERIPRILOLLEER §ARIFRG - ﬁ%&%ﬁd Fe e
&gaﬂ%@ﬁa ¥ 1R RSB 1~100 100 4E5E ¢

Tx T ><5T Rx
Data I_ N }—Data
L Tx T\-\_",_’N Rx

/

N\ 1,

Ny

Multiple Input Multiple Output

B 3-7 MIMI & ¥+ 3¢

A ITU 004G £ 8% > & - éhr? ™ @ﬁ%];; F 2 1) 1Gbps > A &
E ok 5 & £ 7] 100Mbps 12 ﬁ*? 17&1; 4G Hjisr iz x 3 E E R ¥ 4G
—ﬁﬂwﬁ&%’gjiﬁgﬁéﬁi— Fend s A gy 4G et
TOLIE B B 0 i T 1Ghps i F P 0 4G B H 61 R TR -
@ S e T F 5
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%35 A FEE Ay N BEE SR

{783l A B L 2 PR F
i~ A DVD ¥ % (4.7GB)*+ % p&
Y
1G s S
2.5G 115Kbps 3.8 =
2G
2,75G 384Kbps 11 =
3.5G 3.6Mbps 2.9 /] pF
3G
3.75G 21Mbps 30 4 48
4G 1Gbps 1440 p

£ ¥ 5 e HpF(Long Term Evolution,LTE)®_4G h# ¢ — fE& 8 » §_
3GPP(3rd Generation Partnership Projec)## it & 23 B ehRT— {7 638 30
s 2010 & 12 * ITU 3= LTE & &5 (LTE-Advanced) ;¢ & 5 4G »
BALTE S hp a3 273+ 5 4G LTE, §% v iv 3 .2 1 4G >
Flavild 24 ITU ERT AN & £en 4G %> 7 5 LTE-Advanced
1% & ITU & &1 4G % - LTE-Advanced ¥ 12 T e % G n
LTE » &#4gg e * + > 5 & 5 » g1 (Time-Division Duplexing)
TD-LTE - 2 & Z ¢ F% BARE > 2P E I 2 g 03 & = A5
FOR R ehd o gt vh o g g B ena 4 @1 (Frequency-Division Duplexing)
1FDD-LTE £ § i st A > P e Fbh+ 5 228 5 R G ¥4
B 4G RS -

$7 & 74 % (PLC/IBLC)

RARF RAFRDOT SR> dNE 2 RERE FRE f?fsi&%ﬂr;rs
%’ﬁi?*@ﬁﬂﬁﬁéﬁiyiﬁ?ukﬁ@%QJﬁ&%?#’?
ANPLFTNEETAREFZFRE 2 TR F ot T4 0P F
MBS T4 MR R R T 35 (voice-over-Internet) £2 5 iE 4R 3 (video on
demand) spRF% o 7 4 A B ¥ 3% BiE 200Mbps 12 b e geig oo
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FAFERGR A BT AAFEF TR REFPFR R R A EHY
P LA RFJEFTHERED D5 (S - 2 (last mile)fzii=> %2 - o

REAT/ REE . RR

Internet
Gateway

PLC CPE

B 3-8 PLC i siff = 7 % B

PLC“-# bl 5 R FAETARE 0 ) T RBERIRE
B3 @, g F R IR F e R 5L (AC 50/60HZ) © EAE R IELR] 43
-+

"f‘)%%{, d ﬁ“ ﬁuﬁ 4 ;ﬁr/{”iw ’ ""r’"’;};% l——__ }L’-PRjZ. s ‘Qr.—p g]):’l’i-T‘F o B
s s @%—%*‘ TS R

S
<
=3
S
w
)h_.
>—L
i
ff
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: 'C PC |
s =] P 1 ! 1
BERES | =1
8
]u'g = {,_' 4 o
KEEE .>’i
i ?_%r_ NN 8 home

A home

Apariment house

& horne '—‘]‘-"—l\. CPE

d home qe CFE F‘

¢ horme 30 cre | =

b home 'D—‘ CPE

a horme ‘70| CPE l:_!;«“_-]
IPP‘".'“N} Under ground

elecinicity room

e o 35 Cposte )

Head
d

AL I3

B 3-9 PLC % sz

TAARE I > JUH T A KLY e R kAL R 2 SRR GE (TR
He & 721 %4 xm? B (114228 KV) & & BR * & =5 8
(110/220V) > #i A A+ 4 MEARX T A S Y BT 4 RE A E AR T S
ARG S TR AARESTRBTT o Bl 2 M AT T 4 A N
Aot ke T8 s MR T IR RRBEREY BRAETR 4
)’T“u{“‘@?ﬁfé&zﬁe%, oo gk b %@%i'lﬂﬁ%fﬁ@ﬁa?@w%&{%@
TAREM e T4 REN G T A LA - 55 kR R
TR T TRSEEY BRPLC 2 MR PLC &R = o § - fER| LR
BT RRE RS #&'M%@PLC@”'““’*‘J“ w48 PLC
SN B irRERISL R R RER

P PLC @i & b

B Home Plug Power line Alliance (HPA) : ¢ Cisco -~ Intel 4= Motorola

~

EofEao

B Universal Power line Association (UPA) : i & = § 5 @ 317 DS2 >
LR éig?]s‘i F v £ 1 200Mbps -

B Consumer Electronics Power line Communication Alliance
(CEPCA) : i & Panasonic % p &R & 4 o
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2010 # & 519 DS2 7§ B4R 4L - Marvell 2 @ Jcpb# DS2 4704 1
2011 # 8 7 DS2 B2 2% v 4 #% i UPA Lt 4 % m;z:vs o fe il * T 4 A

PUPA) iz /Ed 2 B sk > d 303 4 SRIFRERIIRF TR D25
MTARFEF T > RIFE A REF S R0 -

CE RS R e S Eh AN
Bk g Ip g

4 AU 2k ke
(4- Home Gateway ~ Reapter #2 CPE &z p
) A RIS g £ (QOS) EAE R i

2,

3
;&

g e
(i %‘

- A A W A

B 3-10 PLC s =4k &

PLC * = B P % & ¥ #% - 4 p2 i3 4 (Internet Access) &7 4§ 3% 3

(4R m?‘é’VOlP) P o T BN B AR R L e SRR LN 1 2R
Sl R BEFTHFEREH B MG o

b
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B 3-1LPLC * = B % #

PLC H # % & » ¢ 457 %% (Repeater) ~ ¢ Bx%# (MV Node) -
T AR E BAeT BT o
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i

B 3-12PLC H # % &

BR Y PLC Bprrlligi B RAL > ¢ EAMT s T &
@?@ﬂé*ﬂbrﬁﬁﬂﬁ’ﬁu TEApERE  FLAIEFHIE
ﬁéﬁéﬁ@#ﬁﬁ% S PRFEE £ Higg o 2 F FCC £.2004 & 10
LIS SRR PE',gjq.B’»ﬁ’J{F A MITLE M 5 AR R rLH]heT

B 02 BPL MR g HATRLE > LB AR R
B 2 BPL Fi@z #% 4 > 1 S| AL 32 g o
u 4 BPL #BFTHREUELF §F5 LTI o

B 3¢ BPL d&P-2 MR & R 7 A3 -

B RS AL TR K 0 Ok BRI AR e
WAL AR

»
Y
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% = &ITU-T G.hn

- B RIERR L R ES G M SRR ERY M ER (Wireless
LAN,WLNA) & &3 ;¢ > ez = “H)’é“,fftliéfﬁt— Bhesh X B % % B R
REHETPRGE > RETEFRERELT 2 RRERERPY T @
FRETAARE AR AR FEATIRT T PG FBASRKA B Y
o WA B R YT 50 R R R T B G 2 8 B
o R R AR TR L AP M R N BRI

@qx,f TP Y 2010 &£ 9 sa@ ITU-T G.hn % 88 & 38 > B2 R 4
5 e LR (HOmePNA) ~ 7 4 404 B 28 (HomePlug) 22 4 % 328 4
‘,Jf%_%(MoCA) v 4R L RT- Rl AU 2 e B (Ethernet over Coax,
EoC)H jisth & o ITU-T G.hn 2 & Fprih o & 35 0 7 48 & &8 G.9960 ~ ¥
HLip K R G.9961 ~ G.hn F IR 2 4 RS MR R IR G.9962 - R4 M7
gi;-J % ﬁi;-J A4 G.9963 ~ ¢ H AR T4 F (G.9964 ~ 27 H 8 s iR
T f;z,g;;G 99721:#% BRRLE I AT S KB F TEK R G.9980>G.hn
A= AP AEERpY A PN EFERTIEEF L ¢ £ AT&T -
BT NTT-* Ha& % -

Ghn &Z 4 &FFf22 5% > i h &£ HomePlug # & 4uikis + 3§
oo gtk o If:si%”n@ﬂi;‘]%? FERF T A ROE R ELT ’3%?]/\ %ﬁi%]:".
(MIMO) #jts> #-p o B ‘Jﬁg?r_%i@,l)\ﬁ%] (SISO) ﬁ’@@"*}'}f‘_’igf
4y @%Jﬁ;' % k35 Home Grid %8 ' a® 2 »Ghn &3 4 SF Ak 2% E
SISO 4 100MHz 22 MIMO # 50MHz =g & 4p 4 %437 1Gbps: § MIMO

4 100MHz sid % 4p % 43237 2Gbps» & L £ & 78 # 45 ¢ 32 HomePlug AV
22 Home PNA éﬁ:ﬁ:mﬂ’gm& B-¥) 3~4 % o

Ghn+ #1379 st i - 758 ¢ %4 8h(Relay Node)u: £ @ $isedt -
% G.9960 152 ¢ 5 & 5T 5 = fE R (TSN

Y HomeGrid Forum & - 2:4 ] % » p chtded ITUGHhN & Ghnem @458 it 1 % 1% ¥
Bt =2 & B Rad e (next- generatlon home networking ) fv# £ % # & * (SmartGrid Applications )
hg deo k3L R LR #Y Ghn e Ghnem 3 cig o 3 d SR & 3 A en 34 hmEsy G.hn
& Ghnem Ap% A 5@ (7> frr B 6 Aphl R R £ o
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B zhytEhcst (Peerto Peer Mode,PM) : & B & BE% B i > i 3
Vil R RSEH B Bd BRAFIERG o

W & it (Centralized Mode,CM) @ iz ir — B & B > 3% 356 & B
£ 7~2. (Domain Access Point,DAP) *,éft Lz R, & Bhif #: 7] DAP
Apro A LFEE R gl o

B - 558 (Unified Mode,UM) © ¥ 11 i P #4222 5 — B & 2hid
oo ¥ #E B DAP H 8o 350 T R Ao e Bn R -

Ghn k71 HFLHETHR TS A FRTH=ABH S ik
FiZ 3 1Gbps: el dhT H 5 GIIEE T 5 133 K G.hn 3 }B«“afﬁﬁﬁ?ﬁ“"——%%
%o Bk * 100MHz #8 % > § %% & * 2-90MHz » OFDM 450 f Uik ; ¢
B S A5y u3F 4096QAM 3 ®qrfEsd o v i 3] 12bps/tik 3 LDPC
a5 4 350 5% E B g ¢020/21 OFDM i%3£ F¥ F& 1.28us » OFDM
FEREFRFER S 64us; ¥ B I mnig 5 1 450%12/[6.4 1 s] = 843.75
Mbps ( E%Z» TR iR F G 762.05 Mbps) o £ ¥ EF#hT ﬁﬁ“@%ﬁa
IR PEREE 0.12us > G.hn 7 0 if 3¢ F 80 450%12/[5.12us +
0.16us] = 1.022Gbit/s » ¥ A £ 3 * F 4 200MHz 4 % = % > & 7
2.044Gbit/s -

RF {8 FIgEES
=8 £ ﬁ (Fe = 350 MH2z-2450 MHz, step 50 MHz)
NG
I, T "8 7 k-
100 MHz-B - 100 MHz-RF -
° | ['50MHz-B 100MHz-8 : | 50 MHz-RF | :
l 19 ¢ | o * /_r s *l7 -
Z T T
2 50 100 200 300 Fe 2500 MHz
2048 4096 1024
1024 2048
256 512 256 |512
i——— | il =]
25MHz SG S0MHzB | 100Mhz B 100MHz P 50MHz RF 100MHz RF
BhE 1024 2048 4096 1024
BILHE 1024 2048
FlRiEeEs 256 512 256 512

F 3-13 ITU Ghn s 3 1 i 128

,

v
Ul
>
=
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4 3-6 ITU Ghn g 3 - #icie 8

o7 S : . Tone spacing
Medium Spectrum (MHz) # tones (kHz)
; 0-50 1024
: 2812
Phone Line 0100 3043 48.828125
0-50 2048
; 2
S 0-100 2096 24.4140625
RIS 100 — 200 T7Y [—
0 - 100 & 100 - 200 1024 T
Coax 0-50 256
Baseband 0— 100 512
2
Coax (X=25)to (X +25) 256 19,3429
RF (Y —50) to (Y +50) 512
(Z—100) to (Z+ 100) 1024

ITUG.hn chig #* 45 5 Slic 4ot 29757 o AT 2EME T 4 Mpp - @
PR e PR T 0 BT A SURET I 2 A 5] MIMO i e
% bl T Fer > A4 0~100MHz @& * 4 % d 50~200MHz -

Ghn gt - 7 d LEFFRESYFH A FRE  IRETP S
£ IR IRAE 0 blde D TR B SR TAR(IPTV) ~ B 7 3 (VOIP) & 2 o
Feff ¥| % (Home Gateway)ilt % > i & & fAIRFFF o d 207 pRIFH T 4
# 1 4 (Packet Loss) ~ 4 ¥ (Delay) ~ #! #>(Jitter) % 3. S 5§ 7 b & F > 4o
T o b IPTV H 8 5 5 6 R AR 0 VoIP Rl ¥
B e o
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QoS class IPTD IPDV IPLR IPER IPRR Applications (examples)

Real-time, jitter sensitive,
50 ms -3 = _ .
0 100ms | 50ms Hx10 Hxi0 high interaction (VolP, VTC)
| 400 ms 50 ms | x 102 | x 104 ) Real-time, J|tter. sensitive,
Interactive
Transaction data,
-3 - _ 1
2 100 ms v 1% 10 1% 10 highly interactive (Signalling)
3 400 ms u 1 x 103 1 x 10 - Transaction data, interactive
; Low loss only (short transaction,
< -3 -4 _ | ;
4 's v 1x10 1x10 bulk data, video streaming)
Traditional applications of
[ -
B Y v Y Y default IP network
High bit rate, strictly low
6 100ms 50 ms 1 x 109 1 x 105 1 x 106 loss/error (TV broadcast on
IP)
7 400ms | 50ms | 1x10® | 1x10% | 1x10° High bit rate, strictly low
losslerror

P ITUGHhn XA L& 24851 °Ghnig iy EARFE Marvell

A Ghn 3 2FfEA> %> 2242 MIMO > { A * 1wl
KK T2 5 AR IR (Gex R 8E) o B poad e~ FUAERRGE S T
i—g ¢ 3% ¢ Intel ~ Lantiq ~ Marvell ~ Sigma Designs % > Ep iiu i %
215 4ol & @ (Metanoia) ~ 4 B 7+ (ICPlus) = Jr*“Ghn L e 4%
WRE HA N %fﬁviﬁ%%iiﬁfiﬁﬁiﬁdéé’ WG AR ﬁ@ﬂi%l
PEE K B R @B U RRER G B ARV HFE D L7
e ¥ o 4o G.hnifiE 7 3 ﬁ@ﬂi&l.&%&%ﬁm% v &4 B {6 — @ (Last Mile)
dut B o IPTV AR MELGE {4 4]0 B2 R TAE - REFF
%Jﬁﬁwwﬁ%%ﬁ’uaixﬁ%*%*#*%m@*’~p&
ez o Rm Ghn g B > 5 #3838 5 ﬁﬂﬁp‘.’mﬁriug’} M
BUERLIE (TR B R (Ethernet) B A5 B & S ATE A P\”'» L
oo R 2 o ¥ HomePNA ~ MoCA ~ HomePlug :HFL; A Faama o F)
G FHREL R P RPFHR MR ST SR F R
%ﬁ@%ﬁ%éé%’#é@?%%%ﬁﬁ%ﬁﬁ@@?mﬁ’«ﬁ%m

’




A RSP o A2

-8 Hi BB REBRBT

P 3 e B 5P&é%m§ﬁ9%”*’ﬁ;uFf
BRI RER o RAB RSP TRA KT B3
Foa B T RAR AR ROT ) T HRER o A8
2. @A P Y LR RER @%ls}iﬁir L L
oo BFLEITU-T G.hn 4t & drik » A g d2iit e &
2_4p B BRI o

3. pe]
%

% 3-8 BHE R @ﬁ%ﬁiqﬁ

LAN ITU-T G.hn Ethernet WiFi
LS PLC RF Home 1000 IEEE 802.11
Line | BASE-T | B802.3ae n
i:] ﬁig?]ﬁ bl 500M 1G 700M 1G 10G 600M
max(bps)

- ~ ¢ % g (Ethernet)

B % 2L AR ( Unshielded Twisted-Pair cables , UTP) » 2_ {3
& 10BASE-T # » @3 &* »IEEE % 1995 & % {# Fast Ethernet 4 i 4% % »
oty 2 & 3 i 100Mbps m@ﬁ%:ﬁ&i »1000BASE-T p = g i *
CAT-5 &L 6 4 fE 80 > 4% i 1Gbps 08 fuyid A&

1. 10Base-T

RPGFFEARD N ERG RERM TR AR R R T
FAOFLRY R L RREE AR BHES S 10Mbps - B
FEH Y s iE D] 100 2% > @ % Bk eRin o H s 10Mbps ¢ & R A
LR R A




BT & e fe P i E o T R 2

10Base-5 | 10Base-2 | 10Base-T | 10Base-FL
Prair e fme = L3 5 R
ERES St
) 500 =~ & | 185 = = 100 = = | 2000 = =
ﬁ?‘]&b@}ﬁ
& Bh#ic 100 30 2 2
i S ER DB-15 BNC RJ-45 ST
50 7c#* v | 100 ®rie i
) 50 ®o# e _ H#a 5
B i 48 T 4 UTP %
PEEHE | g | PR il
£y =
% i ¢ = 4. (Fast Ethernet)
% ik S et > 1995 &4 |[EEE802.3 & Vgt o v HaEH o X
FP T X P e T 4pF 10Base-T> 4 3COM - Intel... & 5 B B R &

BE o =+ 100 Base-T gt cnif b it » @i & 5 100Mbps 0% & ¢ =
4t (Fast Ethernet) - # & 5% &% IEEEB02.3u ## » i 5 % IEEE802.3
8 ud L% 100BASE-T & = @ﬁiﬁﬁ&%ﬁé 100 =
el g R Lo

#. 3-9 10Mbps ¢

=

FE A R

)

* 4§ (Ethernet) 10BASE-T #2110 2
% 100 MHz > i@ ¥ & * CATS (Category 5) s+t » * 7
AR B L S REREC S

=

<

B AR BE VL Bhe T & AT o

% 3-10 B2 ~EREL X ERILRA

L & e B L R
IEEE & # 802.3 802.3u
#R 10Mbps 100Mps
FE N CSMA/CD CSMA/CD

i'%“
- "

> 100BASE-T 7
> 100BASE-T #7
DE RS YiY




A RSP o A2

kR Bk T SRR
e B R Bus g Star Star
RS Coax » UTP - fiber UTP » fiber
B S FEHL 100m 100m

3. A B = i (Gigabit Ethernet)

1999 & IEEE % & #] %7 1000BASE-T # #iji¢ /& 1Gbps c4g % it ©
4 i ( Gigabit Ethernet)> & it ;% & % 5 IEEE802.3z 1% % - i¥ 5 %t IEEE802.3
R et % L% > 1000BASE-T %~ @HipEd4s 5 100 2 ¢ - 1000BASE-T
e CATS 544 > i@ * 1 % 125 MHz » S f- @ 3¢ & 1Gbps - i# iy sEd X
100 = & o CAT5 4 44 % 7| *24] IEEE802.3ab &2 » CAT6 3% i ey in £
foks 35 e L #0428 CATS > ¥ 4k i % 2> 200MHZ g & > ¢ % 41 %

250MHz - @ﬂi%]%i A& F % 1Gbps -

)
-
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CATSe UTP Twisted Pair Cable, solid

1 - Jacket
2 — Stranded twisted pair

] 3-14 CAT5e &2 CAT6 4t 4
4. 10Gigabit = + #

2002 # IEEE 1 ¢ i 6 802.3ae #hJF > 11k L WAL R Y S
Bk oo Bt BEEE4 300 2% R HHETRGE O PTEL 2L £
w T £ 4% 10/100Base ¢ = fphchite £ R ot - 2006 £ 6 ' IEEE

,
3
o
()
=



T B R Je P e 2o S

¢ #1217 10GBASE-T @& ﬁg?]_%i & 10Gbps =z = 4§ (10Ghit Ethernet) -

5V & 5 IEEE802.3an 1% » & < f@ﬁﬁﬁ&%ﬁfa 100 = 2 o

%&ﬂ%ibﬁﬁﬁiﬁﬁﬁﬁﬁﬁgw@%

A L 5 £ SR
1000Base-SX 5 Bk gk 260 2 &
1000Base-LX 5 Bk gk 440 > =
1000Base-LX B Hk g 3000 2 =
1000Base-CX P g“; N4 AR 25 oz
1000Base-T Category5 (CATS) g2 s 100 = &

B o xRS BAERTRY TR ) 29T o B SRR
0t L CATS AR 7o i B = A M0 £ % 5 » 7 L 3% 10M/100M
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