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g‘ﬂﬁ 2.16 Example QAM Encoding

A13197 2.1 QAM Encoding

Bit Value Amplitude | Phase Shift

1 i None
- 00l ¥ . None
010 1 |14
011 2 14
100 Hl |12 :
101 2 | 12 ;
110 i1 | 34
r

11

34

2.9.2 CAP (Carrier less Amplitude Phase)
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g‘lj‘?l 2.17 CAP (Carrier less Amplitude Phase)
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2.9.3 DMT (Discrete Multi Tone)
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DMT Transmitter
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gﬂ‘ﬂ 2.18 DMT Transmitter
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gﬂﬁ 2.20 Discrete Multitone
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Channel capacity C= Blog, (1+SNR) b/s (2.1)
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E El()g2 (1+ SNR) b/channel (2.2)
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! 1 ﬁ 1+ P" (2.9)
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2.10 Constrained Optimization
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] dé‘l " 1 9 = c; -
¥l iﬂUUNBH'[‘IJ'J"Iﬂ'I P A03UAIAINNI0

N
ZP,,=P:constanI (2.15)

n=1

Y 1T ¥ ' & y A Yo
1"6')15 Lagrange multipliers 19101%70 mﬂﬁl‘uﬂ'ltlﬂf!ﬂl‘i1ﬂ$1ﬁﬂ1ﬂ'ﬂﬂ‘1}ﬂﬂ:ﬂiyﬂ'l

¥
Constrained Optimization DONUIAIL

2
P+ % _Kkn=12..N (2.16)
N n
oy D P, =P=constant (2.17)

n=1
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2.11 Water-filling solution
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a ad = v [ - .
- DMT l'ld]uli'lﬁ‘ij msmumuwmmﬁ'ﬁamm CAP mm;ﬂumﬂiuiammu Proprietary

- DMT fianunumuasdyaimsuniuldandi CAP

2.13 ADSL Super Frame

‘\’fayamﬂ Downstream ﬂzqnﬁm’omﬁmﬂm Super Frame Y118 17 msec

Super Frame 152NBUAIU 68 Data frames + 1 Synch frame

Data Frame 1@03@3UfD Fast Data 1182 Interleave 1A0IAAZAIUIZUININTUNII Fast LA
Interleave MUAIA

Synch Frame segnifiilomsuifansgamoiiosnnifamaradndsumodyaasaanm

¥

aue)

(Constellation encoder input data frame, point (C))

‘ superframe -
o (17 msec) -
frame | frame | frame frame | frame frame | frame | Synch

0 1 2 34 35 66 67 symbol

N 3 \ [y [——

crc0-7 ib.'s0-! : i.b.'s ib.'s No user or

in v . 8-15  16-23 bit-level data
fast in fast 1 ' infast  in fast

synch  byte . e byte byte {Note: i.b. = indicator bit)

bytes .- TTT=ea_
€ frame (68/69 x 250 psec) !
[ Fast data buffer Interleaved data buffer
; : ;
: - :

Fast dat FEC ni Interleaved data) g
\
Fast byte ast data redundancy (Interlea
rr ] 1 Ty 1
: ’ 1 1 1
«— 11— I !
: by-[e ] A ] 1
1 —————Kibytes——— 3| dsf ! A
4 ’
: (Mux data frame, point (A)) :4_ N,  bytes '
]
1

< N bytes >

3UM 2.21 ADSL Super frame

51 0 T Super frame 923NN CRC ADUATDIVABVAUAANAIAUDA Fast data buffer
. v »
(crc0-7) Indicator bit (ib0-23) dzgniMuaNe 14111 OAM Data Frame 11 68 1W5u9zil
. ¥
anuoMvearsuaun 18 insdszulanaludunou Rate negotiations 1A 0 Y03 Fast byte

Adhumlsuavg ndumsu 0 uaz 34) uazdin 0 904 Fast byte Milumsuiavd szgn
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» b
fmualiiilu 0 ieszIusumaiiiivaed1smsAaugums Synchronize(Synch Control)
o ¥ as 1 -:;q 9 o
wndmualiihu 1 msudandratharsuitideya EOC (Embedded Operation Channel)
° ¥ o Aeay .
%:gﬂMHuﬂT}ﬂﬂu ] Mmmﬂamﬂmﬂmwmayn EOC (Embedded Operation Channel)

4 4 Y i d
Futludoyan ATC-C 19 lumsdaln ATU-R Himwdida

EVEN NUMBERED FRAMES 0DD NUMBERED FRAMES

immediatol ‘cllow ever rumbered
Irarnw to the Inf)

m3b b msb Isb
Framas 0.1 lcm? I:EIE!ITJIEICE” cn:llmﬁl IlE? IR IE ]lﬂ |55 [H Iml I EEl

Frames 34,35 i DIJ |ty THA RS

Sl e ) ol ) i ) il ol

Framaes 2:33
Frames J6-67 | ¢, r = - -
Syme : e T e I T e s S )
s [ [F[@[=]7] FR[=[==[= =] "]
_’.llﬂi,‘_
- §bas >

3UM 2.22 Fast byte

2.14 Fast data buffer ATU-C transmitter

133t | 5 (as0)| B.aS1)| BaSD)| 3,i853)| c.iLso)| BaLsn| B,iLs2)| 26x | LEx|  FEC

'3

e K, bytes
- N, bytes

2.0
ﬁ".

e

AEX =0 ifthe simplex streams (ASx) have no data

LEX = 0 if both the simplex (ASx) and duplex (LSx) streams have no data

gﬂ'ﬁ 2.23 Fast data buffer ATU-C transmitter

N, = K.+R, (2.18)

R, = number of FEC redundancy bytes per RS codeword

K = 1+B+A.+L, (2.19)
3 2

B, =) B.(ASx)+C.(LSO)+ ) B, (LSx) (2.20)

x=0 x=]



C,(LSO)=0
it B,(LSO) = 255(binary 11111111)

=B, (LSO)  otherwise

A, =0

if B.(ASx)=0for x=0-3

L. =0
if B, (ASx)=0for x=0-3and

B.(LSx)=0for x=0-2

= 1 otherwise (including B, (LSO) = 255)

2.15 Interleaved data buffer —ATU-C transmitter

N, =(SxK,+R)/S
R, = number of FEC redundancy bytes per RS codeword

= number of DMT symbols per RS codeword

I- super frame ( 17 msec) ‘-JI
- h
o 1 2 M | 35 67 ;;:{;O,
l¢ frame ( 68/ 69 x 250 pisec) |
fast data buffer interleaved data buffer
P
g‘l}‘n 2.24 ATU-C Super frame
K, =1+B +4+1L
3 2
B, =Y B,(ASx)+CI(LSO) + Y B,(LS¥)
N=0 N=0

C,(LSO) =0ifB,(LSO)=255(binary 11111111)

= B,(LSO) otherwise
A, =0if B(ASx)=0for x=0-3

= 1 otherwise
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(2.21)

(2.22)
(2.23)
(2.24)

(2.25)
(2.26)

(2.27)

(2.28)
(2.29)
(2.30)

(2.31)

(2.32)

(2.33)

(2.34)

(2.35)
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L; =0if B(ASx)=0for x=0-3 (2.36)
and B,(LSx)=0for x=0-2

= 1 otherwise (including B, (LSO) = 255) (2.37)
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2.16 Tone ordering
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31N 2.25 Tone ordering

2.17 Constellation encoding
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:i_'l]ﬁ 2.26 Constellation encoding

2.18 ADSL G.Lite

4 o £ 4
G.Lite (G.922.2) n30 Splitterless ADSL (Husnasgiungnsmuavumeudilyn

DT modem
F o e 1 Inrerle Lontd D% - E:afoe' — b
rame —* g FEC eleave % Encode [T Moduste [T [ NE00 Signal
Data ! | Processing
‘ i1 oapca

Frf;:e - De-Scrambie —{ De-interieave e i -~ i - ;AEEE;DG - R

an s Interieays | . - o : : &
Data & FEC Decode De-Madulate | Procecsing Signal

G.dmt Arnex A

Slite

S.dmt Arnex B

51" 2.28 uaaamilnaiuves ADSL G.Lite



27

" A aw Y a Vv = 3 Ud . Ao Y a .
anuganniiusimgIiuimsaeadnaaginsal Spliter AHIA15U5MS G.Lite gRoOALLILN
4 a “ n’/ [~ [ [~ 9 v
wolidlFusmsmunsnaada gy ADSL Tadwaues ao1alsnamnuiihnnugaonly
- 3 ¥ =54 ¥ =] - ' — .
MsAnfaNzantioonl uAnABIANIRIBAWIS TuMsIFeNABgIgANanad 1A G.Lite 92
a d - 4 o = '3 fo  w
AT IagAN 1.544 Mbps 1iBanINdnsYeyagegananas MivonuuuBIIAT NI

A i A w
1A331U G.Lite ﬂzam‘uummﬁammmu ADSL



=
unn3l

N]ﬂﬁﬁ]ﬂ!!ﬂ$ﬂ1§ﬁ1\ﬂ‘l~!°\lﬂﬂ xDSL

3.1 ADSL2 naz ADSL2+

ileideuningiay 2545 MaauiayInsayuiausznalszina wio ITU
(intenational Telecommunication Union) aiaSe@ums TamdeiMuAAITIU G.992.3
W30 G.DMT.bis RIT1NATI M0 full-rate ADSL2 3IMdBMMUAINATTIM G.992.4 W30
G Lite bis AIUA3 311988 G.Lite maesdeimumnasg i QNI3uN5I19 31 “ADSL2”
wazigaiioRouuns A 2546 Ma ITU Ideendefmuaiiasginivos ADSL2 oonin

Y o

" ¥
BN D G.992.5 w3o ADSL2+ TaohglHusnisuazdlFuimsiuiiunumdidguinluns
a 4 3 4 ar as o "
Wauiasg i ApsL2 Taol@ldeyaniinuiodnunis1damdmiuilss Towiun 1TU
¥

dmsmiThanSmljanassmldavuae i)

1IR3 ADSL2 (ITU G.992.3 w1z G.992.4) lalimsmunaiauiauazniinms
o 1 W =1 " ltﬂ. a o & o
M lmiqen Tl Tastigasjanineegnmsminlsza@nsamuazanumusalumsiiau

¥ » 1
37U (Interoperability) $IUNANVNITIVITUNTMINUT WA DLENAIATU NG ADSL2
a o ' o o ] y s 4
(ITU G.992.3 uaz G.992.4) lamudanymziaunazlandulniq ) wediuljases
aus5ULYRINS IFunazmsiauswAsEnIgnssinazdunumsmivayuine
ar =Y S L] A:; d. - d? g o cﬁ.
5095 VUSMsuazms1Fanlnig msnldounlasiiisyunae msidiviljaluseves
ar < " A @ a a =3 1
onsniIMsdadoyauazszognandala, msdiunldoudasuiamsdedoyaldmunzan
(rate adaptation), M3 1A uMAvElayn e IMsud lv (diagnostics), M3INY stand-by mode
- v o w Hq @ @ Ao oA a -
iolszndamas Iihnldan vazdaidnuuzirudug Snnavodiafimuiiun
- a oY A ° ar [l J

ADSL2+ (ITU G.992.5) imamunuuaiann 1gd miunsdedoya Downstream Y1

v ° Y o 2] v W a -3 v Vo G
W 2 o1 M ldsasusimsdadoyaqaqaued downstream  ivudwiiy 2 hidaoFuniy

¥

dniusehlfisiawsadideyadiodnsnsi 20 Mbps vuaioInsdwn 18 1naids 5,000 WA
ADSL2+ musoiauldnatsTnua winufousnaineiiausiuiy ADSL2+ A20iuioa
17 G3e1599191U3 WA ADSL 1ag ADSL2 8naau

ADSL2+ 92520 1WA TR usmsmunsonalasunlaunsedioldanniosesivy
V3NN 1A 10 nsdadyuia 1o ADSL2+ 923 ANHUZIANAIIY Bz T0AYDY

: A o ° ' as o«

AusIuzMs 1¥9uvee ADSL2 191 1AM anua vaizidinsmusaminusnuginio

c:ad‘q yuz Y o o =1 IJS} Y s o’nd‘d
auanduq 1a datudliusmsmusmimmalulat niidhanlgsunvgns sliluniieg

H " o~ ﬂ. J
18 Wumsnldoumlasiiazidnazios T guimshimamihau



29

fo‘:'—Ansu and Ansm-rf o

% The ADSL2 and ADSL2+ a‘tandards lmpmva an tha orig!nai RDSL by of’ferlng A
hiahar downstrea (da

am data rates of more than

i) by Bem" Dmee ADSL? provides downstre
: Ee 12M Diljsac. whila extanding ADSLs reach about 600 feel. @

i ADSLz+ provides [ ADSL2 achieves  pois tpstream Downstream

dovinstream data B its high dovnstream ADSL"
rates of 25M bit/sec @ speeds by doubling
for loops up 1o S.C00 B8 the bandwidth used ﬂ pnﬂﬁ

faet long. to carry traffic LKt MR 22 MM -

Ffequenq tones 2

a
3UN 3.1 ADSL2 uaz ADSL2+

3.2 mslSudgamadensuiimsdasveyanazszezmalnanasla (Rate and

Reach improvement)

v ¥ ¥
ADSL2 'lgl,‘i‘].]ﬂ'l'iBﬂﬂllUUU]tﬁﬂlﬁﬂﬁﬂﬁﬂ?Wﬂﬁﬁ»‘l%ﬂ'ﬂﬁ (Rate) UDZITHENN

«
¥

= v aa - s o 3
(Reach) ADSL2 vz 1fimatianisuegaduniiszdninmgadu, aavuialonesiaaveud
v ¥

azilsudoyallsulgem Gain Rldnnmsidnsvaliliaigadu, USuase Initialization state
= o or q‘& lﬂ.d = = 4 =)

machine 11AZ3N15111010aN03 5UAIY Signal Processing Nillsz@nEnmgetunldinaiia

MsuegEatuN ADSL2 1 lFAe DMT 52uiumsid1sHauuy 4-dimensional, 16-state

o 1) 9 ] ) W ] ar éd 9 ar b4 c; 43' 9 =

wrellis 320 TAMsdeiudoyarmumodygIuninueIAwoR 1WeYaN LTI
' o o 1 "

A1 SNR /1 ADSL2 aalonesiea veansudoyansTaosamnsa llsunsuliaramin1a .

9 o ' =] 1 ' = o

vz 1Fdmveslornesiamils (4 D3 32 kbps) 321ANA199IA ADSL Juusn lundniilones
" = P o 9 ¥ y_ ¥ 1

aaomsuaziinnsiuazezgmirtly1451 32 kbps vosdoya Payload dudumMImuas

0 b 4
©179 ADSL2 @150 Gain Mainsra Idiimgaindiomsidnsianuy Reed-Solomon il
v
£y =

m31/511/33 Initialization state machine INBIMNOAT 1 Toya gy

“

. v ¥ 0 '
anuanunsalumsaandsaunldlumsdadeyainaesiivesmodygraunoon

k2
o

dIn NEXT  1a20052AUY0Id Y1 Crosstalk  NIHUAAIUANTZONAIVDINITA
¥ »
Initialization 14 laonanmnsvuaznmndunelinisiszurananszuiums Training Fyay i

nmasuuazmndalatlszansnmnniga



30

IMINAUINTLUIUMS Channel identification W0 1¥N15152UIAMANTZVIUNS Training 1
Uszansnmunninga
9 ] ar [ =3 Vv
ADSL2 Tdgnesnuuuuilasimmiziiedsuljedasuiivesnsasvoyauns
srozmanamnsods1dves ADSL Tavazil performance NANTIUURTWNDUAINIMAZI]
b 4
= A o =1 ] -
narrowband interference IfiAYY ADSL2 ‘»a::uamnmmﬁm‘i’fﬂgaiuwﬁmq Downstream 4192
o o J LI
Upstream 1352310 12 Mbps 1182 1 Mbps AIUA1AD YUBYAUANNOIIVBITWNDAIALY
o o o 4: o s 4 . .
aduduq ADSL2 mwsanmuii 180 Taen1515v1)59111509909 modulation  efficiency,
. Y ¥ A . : & o S s g
A9 framing overhead 'I‘Humjm, WY coding gain quu, 135 1J1J§\1 mmitialization state
; Vo ad a dad o aqw P a
machine nazl¥danossuvosnisilszuianadynIunavu vinld ADSL2 U performance W

J " _ '
FIVUNNWIATIIU ADSL HUUANBYINUIN

—®— ADSL
= ADRSL2
50 kbps increase
in data rate
= e e
=3
£
= et
=
3 in reach
=L 150 * —_—
= ]
3
100 A
50 \.
o
18 18.5 9 195 20 20.5 21 215

LOOP REACH (Kilofeet)

i ' o o < 1 iy 2
319 3.2 3200 ADSL2 szano)iinlgesasusimsdideyauazszozmenda 1A lHiRuIND

b4

&
UH

as = 1 i
sUd L naasdassvesmsdideyauazszuzmalnandslaves ApsL2 Tao

3

=S [ d ' a J
nSouiouiuveaniasgiu ADSL Tugausn ADSL2 933ionsu5In1saadoyanuau 50

- 2 F 4. w0 o a
kbps Tunisma upstream 10T downstream l‘ﬂ'llﬂ‘l‘.iL‘V‘Ill‘llu‘l"lﬂ1ﬂﬂjﬁ1ﬁ‘i‘]Jﬂ’J”IlJﬁ’ENﬂ'I‘i*‘UE)\I

¥ ' a J Qs < [ 3/ — 1 9
Qnmmuimy HININNTIWHIVUUDIDAITUIINTTIVDY LD 5503‘“101ﬂﬂ‘ﬂﬁ11ﬂ'5ﬂﬂ~31ﬂ
s 2 3 4 g P < 4 4 4 -
mnuvulszuIm 600 T‘!?’I "D'Qﬂﬂil'mﬂﬂﬂﬁlﬂnﬂluﬂ!ﬂﬂ'ﬂuﬂﬂﬁﬂﬂﬂqnﬂi:n’lm 6% HID 2.5

asalud

3.3 msAnszHmanngvaaty (Diagnostics)



31

" ¥
ADSL?2 921in 15 a1u1501un3 3198 (Diagnostics) 1MNIUANNITOAINGT
A M A Y - ' o - o ¥
withundesilon 19 lunsudilayniialuseniazndinisasas, 15lunsasisaey
szansnmszrams IFus msuaznisomnsavenmuans IHusmsaeg lunmsitimy
v n‘: a‘a’ oo H 3 = @ e A a 13
uazudilamdazas niu ginseisuds ADSL2 Wuszlims1dms Jadyanusuniuiifavu
. ’ M »
lumodygin, nsaanouvosdyaiuinaly Loop uazdAl SNR - Naaeadaves
ar () P 9 o [ c!y < 3 =) o
modyanumaeg i lwenmsiamaiiszaunsogniny1d Taoms 1msidenmsiia
c: o - é aa @ J - o r.:r ¥ 9
Alnuamanauniren1¥lumsitsteilym daunsadenTnuamsiiaui 1dulin
¥ v
AUNHYDITY & NaNTUzIGIRUATI9zIFBuABUUY ADSL TRADSL2 fimswannldiins
0 o  w ~ @ ar < "
wids iawiz luswnlgaunazansodsudai Tuaulvegluaniug Standby/sleep
“ (=] v s ar v 4 = z "
Tuvagi liims 1FaureIidsendandaan i 1dunuaz ez dana i lnduaad segn
d L} ar 4 o 4 =) '
DLC 1anq lideanaailumisesnnudouninauniosdnans i
a p ' o 4 A ¥
msdmszrmaunauesilym vesasiiitluglassanimiolums1dam ApsL
Qs g 8 A c:!’ o ar ' oo a A ]
faiunonvzudyniil gilnselsudedyaIuves ADSL2 SagnIRuANUE T NILFIY
a ¢ ¥ Yy Yy 4 4 A oA ' & 4 o ¥
Ansznmdumavesilymildediesias duziilwaiesdieodimiianezirl) 14
»
utilymlusznihanazndaimsaads, ms141thasivaeu performance Tuvmz 19 naz 14
Tumssmlznunmuaznins 1aau
o ar 1 e ) g o @ o o 0 .
gUnsaisudadyaIuyes ADSL2 323inT04i0d 1MUY IN133A line noise, loop
v ¥ »
attenuation 1182 signal-to-noise ratio (SNR) Anamesduvesmuods o ldlums
= L4 [ v a”
Anszimamanazudlyn wamsiamariiawisognsiusiu Taold Tnuanisnaaeu
. . a = 3/ v 1 o = " A ° 2 ' k4
diagnostics HUUNIAY DaudhamN MYeIR O I9EAuAUNIINIZRIMsIToNAD ADSL 1A
' L4
DOV FANATY
d
UenINTl ADSL2 §31in 1 a11150983151AIAT 1901 performance WUV real-time
a 4 i » . o & >
8nA2e ez IdeyainuanugunInyesmodazanIzvesdyyIus ununa1ona 2

i H = o o« o = ] ar
Auvesmods Jeyaiivzgnina iz lavseininazgminn g lasdliuims dmsuth

- -« «
]

" ar ar ' a . J
ATNADUAUNINUDINISITONADAYYIUYDI ADSL naziloanululiifa service failure Yu
b v
Tuowina doyaiidsannsminnlFlumsiaendt annsaiisz Iiuimsmsdadeyaun

¥ £ Y ar d A v a YoM v
anA1I1oHIIA0oAI NI INaanInan lanselu

3.4 msSudiamslemaslvvhvesginsei (Power Management)

o ar " ar : ° ar
gunsaisudadynu ADSL Tugausnmiu szl full-power mode ARBATY

- Ll 1 [ - o A = =3 ¥ (] 9 4'
aasanuudna lusa lulFunay iessiniiTuay ADSL 14nmegnatvdnunios ms

Yszndanmslamas Idiannsai 1amn Tuduianuluaniig standby/sleep mode 1niiou



32

] A - A w ] @ o ar o o o o » A[Aq ¥
poranapIneuRIAe; Faduilumstinlszndaiiaslnihdmivginsalivds ADSL 1%
y ¥
111G remote unit 1tAZ¢) DLC (Digital Loop Carrier) 913040 1040AIAZABINIMNITTZUY
¥
anudougs (U8 33) Fawdenaradinannil mlduesgimu AbsL2 ilnuaueants
@ o o v = l o w o [ o
famsmdariheg 2 Tnua Hezvaroaans gmas i iidovasvusndeneinuilandu
Y 199 ¥ Y o = ar o 9
“always-on” ¥03 ADSL 1dundlduims Apsr2 ldiwmatanisdandsaanlylu 2
o A Y a4 vowr < b4 '
dnuazimonazaams landnuTaelitouluhdr lwdnzAssey luan1iz “Always-on”
¥
DUADBARNYUZNG 2 AINA1IAD
c:’ v @ o o A dar 1 y

1.2 low-power mode TnuatingawszndamasIninginsaiiuds ADSL matls

&1 central-office (ATU-C) Tauiimsiduazeoniinlow power mode 1iluliandada
a a AT -
Y5unsmdndumestianIaeguu ADSL connection
¥ ¥ .

L3 low-power mode Inuailazaivsendaiiaalnihlaosaw vaniadadu central-

office (ATU-C) wazHad 1 remote (ATU-R) Tau9z191q sleep mode tiiomisiFonaelilagn

) A sy 3 o ar 1 t&
1¥rmlugeszoziamils L2 power mode unmauiiandinyed1anilaveunasgu

o s " oar —
ADsL2 gilnsaifudadyanu ADSL2 aunsofiezidiazesnin L2 low power mode 19
3 Voo = = ¢ d aAa [ . A o Vo o
FuagiulSinams mindumesiianlseguu ADSL connection iiio Idvinalngiidagn
o ' -] o ' o a '
ﬂ’l’miﬂﬂﬂqﬂﬂ‘jm ADSL2 nﬂ:mqmagﬁlu full power mode (N50N21L0 power mode)
4 4 Yo 3 < A v A - < d v A wgw
ez Iisasuiamsarnd Inaaiugege ualionsmindumesiiaaaas 1w iod 1y
o a 1 L] = - U
13957 text page B 52UV ADSL2 Nazifaoulilg
& o 4 9 ' Yo o ]
L2 low power mode ¥49a3113190yazanaed1nnnuazms 1mas Iihnzaans

A

#o vaurimdsogluInua L2 szuu ADSL2 awisafivzn/dounduldsTnua Lo Taviun

[ Apst
-~ BN ADSL2

POWER

&am 2pm épm 12am
ELAPSED TIME

31011 3.3 Low-power mode (L2 182 L3) 99 ADSL2 9501lszniams 19iids Inhvea

o ] W w a ' o a 3
gilnsal Taolildasanaznis Iusnms wazlivh¥iRa bit error Y1



33

Yo dad Ya a e

A o 4 W Y a o )
lmzl‘“ﬂﬂﬂﬁ']ﬁ')ﬂ'liﬂ\?ﬂﬂua1'ﬂq3qﬂ1ﬂﬂuﬂﬂﬂ ‘]ﬁillllﬂ'ﬁﬂ’l')u‘i“ﬁﬂ‘lﬂﬁ ﬂﬂ1ﬂﬂ151'\ﬂuﬁ:

9

: o L!. o ) Qy’ Lad J L}
pan 1 Tnua L2 swnamsdiunlaoudasuiimsdadeyaiu annsonavu1dlaglily

ar

@ Y a - o o = ' ' o ¥ a u "o ¥ ar
Pavanazns Idusmsimidesdutiumseg i 1¥ina bit eror naz i liawsaduna
£ = 3 v ] o o 1
18910819911 L3 power mode 111 sleep mode Favziiatiuiiog 1 lildoou Taivi 19 i
= a a J y = ar 4 a o
iimsminlsAanedod15uU ADSL connection uatiof 1snavinoeulaviamlnaginsal
as voas 9 = = A 9 3 A
Sudeadgm ADSL axldanlszunm 3 3un lumsisuauuaziing Inuamsdeds

aulna

3.5 msdSunldoudnsniimsaatenya (Seamless Rate Adaptation (SRA))

520U ADSL2  @111500AAINIHITIVOITYYIMU Crosstalk 1A lago1don1s
s ci s ’ . ﬂdg:’ ’ 3
ﬂsnnﬂaﬂuaﬂ511’l’ayaauuu Real-time 130 Seamless Rate Adaptation IUFWINTTUY
ar A ar 3 — '3 " " Y a A o
awsodiunlaousasideya ldluvaziszvuimaeg lashisunaumsldusmsnieon
1 1) ¥
%A Bit errors 321U ADSL2 92siimisasdvdoumaz dunanmsnaounilasnvzinadiulu
' - ' [ a 9 ar " I ] - 1 9
Foanansi¥euaouazszuuz l4doyanduna ldaenan llisvreamamsivoudeli
" ¥ " ] " - - L s
munzauaemsdsiiudeyalavluldnsznuaed1duinig matia SRA azldmdnns
. . o Ve a Voo v
decoupling Tudaumsusgasu lavszuy ADSL2 vzveylvimsnlaoumlasmamlsaieeg
mnwdesnuoasimsdsdoya Taoez luldUSunasmannlsiinoadesnumsiaGsaunsy
ar o - ' o ¥ ‘é
Joyamsiziuoivezildinamsaaramniaoulun1sii Frame synchronization 99199
U ¥y a . ° a ° ] [ .
dawal¥ing Bit errors $1MUINIUIZVVABAUTWIU NI SRA §919n52191N15 Online
. a o ¥ A ' 3 v
Reconfiguration (OLR) lumisulaoumlasdasidoyavesmsiyouaeuvy “13500a0” lay
3 . gezo i
Tunoulunsiauezlai
MATVIZRINITAIINADUAT SNR  veerosdyanuuazez 1dainenarlums
e = \d ‘; L o LI ci 4 e ;
daduladinisnldounasdasideyadiuilunie lidenisidounlasiifiavuly
soadgyin sriuiudesiimsndounlassasdoya mnsurzdadeniuliiinndaie
. Ed " "
Sudussumsulaoulas madazdedyonu “Sync Flag® navyuweldiiludaveni
i lnsidasdeyalniuazamlsmsdadoyalvinazdmlsmsdedeyadaInildgn
» ¥
19 Wenniu AT udyn I “Syne Flag” Maninsutazmndasgni oudmiumsdariu
o ' a ar v a a =3
Joyanoasilmi Taonmsndouezihulludnyas LildglduSmsdunanu 14
o o - o Y VoA a v v 3
awInsinni lavinAvzgniiasunwiunquiisond binder  TAvuAaz binder

" Ao o ar 4 3 3 ~ =4
tsznoudisgamonewnsnaingor ldremu Uszuw 25 § nSeunniniu kaiawunfe

=

o ar ' A& - o " @ 4
mlddgga Ivihngmoniivannsamiionimsmunuudman Aud lfagaodu

b4

e A = ar = s =y v °
ag¥aaniu 1y binder AEIU 1A (319 3.4) Usingmisaltignisundn “crosstalk” uazazyin v



34

3 " ]

@ 1 9 > o @
performance ¥BI8AINIAIVBYAVBI ADSL Hus1as Mmsnlaounaaveaszan crosstalk
T binder orwiluaumalvszun ADSL waavnmsiFouaedyainld crosstak 1318y

= 4& ’ : d‘ o 9 d" 1 ar ar A dﬂ' =) ' L]
s umananniuim inmsseuaedygiuvga 1y sallaungdua Bn ao1asu N3

¥ » ¥
. a = Ao ¥ . ¥
SUNIUMIAAU AM radio, Mstfaouinlasueaguygii wazmsiniug 111y binder iluau

" v A 1a a w ~ ° a o © ¥
3N 3.4 ganeneansnegFananu ansomiuniiIiing crosstalk suNIMAUINDINTI 1Y

521U ADSL vaavinnisiseuandynnula

¥ o3 ac o - @ g oy [
ADSL2 unilymiilagismsiiunlasudasusimsdeadoyaluanymuziuy real-
. b d
time NI30077 seamless rate adaptation (SRA) ﬁ'iﬂagﬁ’mi'ﬁ fn:ﬁﬂﬁ’ixuu ADSL2 @130
= o < v 4 ' ' @ e a
nasunlasdasuiimsdedeyavasimadonaslFin Taolilddadanazmsiduims
A4 o Y a N 2 v ™ -

M3 1HIAA bit error  YuuABE1I1A ADSL2  azasedunIsuldsunilasaniizves
FDITYY IV 1AUATIVADUIINAT SNR  (signal-to-noise ratio) VOITOITYY IV HATNINTG
ar 4 o < ' @ ' ar 4 i ¥q 3
Ysunlasusasuiimsdadeyalimuzauivanzvesresdyaiuniiiueg Tavgldau

To Y = . 1
zlisuitamsndoulasnifaiu

3.6 M31¥ Bonding MM5uMnansu3IMsadeveyaligaiu

d

ar (] ] 9 W - ] = o Yy J b

aasmsasiudeya ldshunsemizvnugstvausoiiiinunniu1alay

as o ¥ vy ar 21 [ o [~ J A o o
msswae Insdminawgmodn 3donuie 15 umsdsdeyandasusigeain menivei
w o = ° = N =
TimssawmoInsimiidiu1d miass apsL2 185insiineunaiinyes ATM forum #

¥

=] 3 3 s Ao =

136171 Inverse Multiplexing for ATM #30 IMA (af-phy-0086.001) 11 1% A2umatinil Fa1rm

: ' v 4 s & ar o
ADSL2 9zenu3052me1aonenafang 2 gau T 13doiumilu ADSL link Sanadns

~

YN 3 =] J b o : ' J
ﬂ'lﬂﬂai)mwagmzumqwumﬂ U1AII U IMA 'lﬂnm:immmmuum (Sublayer) YU



35

¥ b . ¥
113i521M919%U ADSL physical (PHY) 10254 ATM layer NNIAGIFUGDUNT D IMA sublayer
=1 o A | " Q" s :
wiimshaodeyadonilaidanangu ATM layer unszowliiadu ADSL  PHY
v ¥ b4
MAWNAY TUMINAUAUNHINIATUFU IMA sublayer 9251101 ATM cells 1191094 ADSL
@ 9 ¥ o ¥ ;j ¥ A A a ¥ Ao '
PHY viawaaninaninnaiiailumoteya ATM Ininmiloudvaodoyandaninds
v a - s ' 4 vq ¥ = (=91 P Y a v
ANUABIMIAMIBUNUBIIINTIIVDIR IHUTMINAD AU IR UTnIsUn

[ = o o s = [
anAA199 MudANal Service level agreement (SLA) 1 1813 dasuSamsdadoyaiilu

B EBoodeo ADSLz

—& Absla
o r ;
B
250 - i . H
{ } ]
_. 200 I S S N |
g BEERC
| ! -,
5 e —a B
._'5 10.0 - T, R . ! 4‘ k""-._ o)
=X i i 1 “‘“Q._ B
= § i \._‘ L
50 | L i1 1 AN
Cld e

1 2 3 45 5 6 7y @8 9 10 11 12

LOOP LENGTH (Kilofeet)

3 @ = 1 < & .
31 3.5 dasuiamsdsdeyaannsomuin1dTaons 14 Bonding

38750031 Inverse multiplexing Fufumaiiamsdadayyin ADSL AWAT MDA
Usziumilafiinimsanaaiu sasugamsdadeyaamnsainin1dlaons 14 Bonding
Faus 2 @:i‘fu‘lﬂ UIATFIU ADSL2 fivz19maiin inverse multiplexing (IMA) AUWIATFIU
¥93 ATM M Iansadadoyadaodas i mgeniudumnn (i 3.5)

11A531U IMA 199 ATM il szfmua sublayer Tniuan #3091 IMA sublayer 9
92I19BY3LH I ADSL physical layer (PHY) 1182 ATM layer 198114 @49 IMA sublayer fine
Wnihiinla ATM stream 3 1450910 ATM layer DONIIUMATY stream UAZAINTTINY stream
madi s ADSL physical layer $12uUNMAIBFUMAGI0RY Yoz Timedmsuiiy IMA
sublayer 3¥M1N155U ATM cell NNUABZIFUNIYDI ADSL physical layer wazMnsaia
ATM stream [RuNE1080I Faomdnnsdananis 3am 1 ADSL2 dunsasesiunsd

¥ ¥ o =3 ¥
mﬂuﬂﬂ]ﬂﬂﬂsniﬂqulﬂ



36

37 MIvAnIYeIN R suWadduanaziayan1a DSL (Channelization and

VoDSL)

ADSL2 ansoinisesuuuaiaesniuvesdyanutosy iiinuauiamefu
SMTVueWAINTUAII Y @180191% 1 ADSL2 ansolvusmsuenamsumados ¥
Fpam3m Latency amavouliiinmsaanamalumsdadoyaldnoudiann sauiunms 19
msaanaialumsdadeyaldneudrann saudumsIfuimsuendinsududeyads
ausovouliie Latency T8mnnniudreudiunsndaluiosvesnnuianaialunmsda
Foya Anuawisn TumsuisesdyyIuaina1d M 1d ADSL2 anso lHusmsidueriu
namsvaassvesdyaandoaliinwizuuIns 9o DSL 130 Channelized Voice over
DSL (CVoDSL) VoDSL 92A1991nm3 1dusmsmadosuy DSL fuqluniiiniuszderim
ﬁty&ymsﬁuqmm’%u PHY uazuouldimsdevesdynondosuu DSL bandwidth TagTi'l
FUAIUIDUAIANYDY POTS  HazduInnsiuaAnwIs g masananzsiolvglnsel
mivlniannsaliusmsmades1di, tanguuazisenia CVoDSL siinmsvesdynu
YBAMVUAIAN YD DSL U11A 64 kbps 10113015 lumsdadyaia PCM 910 Tuidu DSL
Tildisginssldaromansoguano Tnsdmi ludnuuziind iy POTS 3dand1vzaioda
amusuiulumsadrnsAndosieglugi Packet vumo Insdwiieldun Tils Tanea
%uuuq 151 ATM 1a IP 06137 115 Tanoa VolP 30 VoATM

ADSL2 finnuannsafivzutwuuaianives bsL - eeniilusesdyaimuaieg

LS =

' A g¥e 3 ¥ o ¥ 1
Hnanus ¥l l'ﬂﬂl‘ﬂﬁ']'ﬂ5“1]ﬁQﬁﬂJoﬂlu']ﬁllﬁUQImZ‘Uﬂlilﬁ11]“551]"] ﬂu1ﬁ ANUTIHUITOUYDY

POTS UPSTREAM DOWNSTREAM

Dedicated 64 Kbps PCM DSo

a o da o Vo
3UN 3.6 MITAAITHUNATANYDI DSL 1111 CVoDSL

ADSL2 Ml ausodaresdynsudosdlo35msnizond Channelized Voice over
v b
DSL (CVoDSL) 18 @aluzilh 3.6 uenviniideannsoderosdyanandoadioisnisves

VoIP 130 VoATM laisuniu 319 3.7 uaaanfSouiiouisdonnnaieseninzg CVoDSL,



CVaDSL vs YeATM and VolP

Channebized [
VoDSL < . s
: - xDSL Physlcal Layer.. .
al = 1
POTS -depum — - »
Lt i Baseband POYSE 0 ¢ |

31U 3.7 nfSvuiioy CVoDSL, VoATM 1ag VolP

VoATM 1z VoIP 1au CVoDSL o lifimsdamiadoyaidvaoomilu packet miiousdia

Y99 VoATM U358 VolP

3.8 ﬂﬁ:’iwﬁnﬁmﬁuﬁ"ﬁ%’mm ADSL2 (Other advantages)

¥ v
ar

Yuaou1uM391 Initialization Y99 ADSL2 FIONUANNA TN IUNIINIIUTINAY
Wilsz@nsam wntauiiegUnsaisuds ADSL AeaFousefugUnsaiaun #A1¥5ninan
VNARANA199 7Y ADSL2 3 Tnualums Startup §nndudeszdronarlums initalization
21NN 10 T Wimdemoatoon 3 5u1# ADSL2 128 Tnuamshaunilsiivex
Winsdasdoya ADSL dauvesnuuaiavinlddedaananidos i lisoiudasdoya

= (] 3 d s
YDINIA upstream BN 256 kbps ADSL2 azvonldiinisdudeyanuvunams ludnyusz

=2

Transcovergence layer (PTM-TC) #aomsasludnuuzdinanszaolfisiannsodidoya

ar =] < ] [ ar a VAo
lﬂuﬁﬂﬂm&’llﬂﬂlﬂm‘ﬂu Ethernet HIUNMNI2UY ADSL2 15 ADSL2 Uﬂldj'ﬁﬂ'ﬂﬂlﬁilﬂu'ﬂﬁ']

)

Buq Bnvatseria uenmilonnfina 1y athasu
msdsugalusesvesmsiausniuszndieglnsel Sesmuaves ADSL2 vz
M3 ﬁ1mus‘mﬁu‘im’inqﬂnm‘i’mﬂ supplier ‘FiN“] i performance ﬁﬁniuﬁn
msBuduiFauvesginsaiiiuledisamsa ADSL2 vl Tnuavesmsisuduld
914 A0AT231901 initialization time 910N 10 FurR anaunderioont 3 Furdt v
uies m‘mmmida%gaﬁtﬂuuimﬁ%ﬂaaﬁywnﬂ ADSL2 fail Tnuaiiiumadondmiy
msdadoya ADSL  Tudmuuudiavvoudss v l¥awisomudasusimsdsdoya
upstream ‘1490 256 kbps FumuzAugsfvi IFusmsveadvanzdoyavugmonosuasau
AZANY LAZADINISUUUAIAN upstream AN TUA150395 M5 Packet Based

: ¥ a4 o
Services 1A ADSL2 921)52nouAIy layer n¥en packet mode transmission transconvergence



38

l& o L} L] 1]
layer (PTM-TC) mw:mlﬁ' packet-based service 98131%1 Ethernet TN YNTIVU ADSL2

14

3.9 ADSL2+

[ =1 4 '
ADSL2+ 1A5unnumiuseunIn ITU iodounnsiay 2546 1ismihianassiu
& YA ¥ o ' a da o
nialunsznaves ADSL2 lauldFedonmuaii G.992.5 ADSL2+ ILINULUUAIANYDI
J " o Y = 4 a J v P
downstream Yutilu 2 i1 M 1ATISs 1S IM s dadoya downstream VTN VUGTIINBDINAIN
¥ .

duNszoy 5,000 Ha 90MMUABUYENIATIIN ADSL2 D G.992.3 11ag G.992.4 vxinuA

HOVNIUDVYDI downstream 17 101U 1.1 MHz uag 552 kHz MU818Y 1s ADSL2+

POTS UPSTREAM DOWNSTREAM

e

0.14 MHz 1.1 MH2 2.2 MHz

311 3.8 ADSL2+ vzminupuadaniiu 2 mhdmiudadona downstream

° v a o o - o < '
MMUATIUANLAYES Downstream 1343 2.2 MHz fagidaduinl#iisnsusinsda
' » L
Yoya downstream 1inTuoiaInTugIszormedug (imulszana 5,000 Wa) vesao
a ar o [ q’; 0‘: qydg [
NoAUAT (UM 3.8) BA3UTINIAIVORAVOI upstream 1U 92152370 1 Mbps Nalliuiy
' g @
ANTNYDIPAENOIAIN 1Y
ADsL2+ fhinasylnmiiidmualas 1tu uaziflumasguiegluaszgavos
A g o v 4 " a
ADSL2 Tauuinsgiu ADSL2+ 9ZNuIIUAIANNIA downstream 1111 2 11990
ar J o ot n’: v = 1 .
onsveyaligannyunumoInsimindundi 2.7 ilawes luvazi G.992.3 (G.DMT.bis)
. 4 1 ' 1
uaz (GLitebis) Fuiu2 wwsgmusniiegluaszga ADSL2  finnuigagavoanin
downstream D 1.1 MHz 1tz 552 kHz mwdau ADSL2+ Talimsimuannuigagaves
M9 downstream By 2.2 MHz
ADSL2+ Saansminn1¥lunisan crosstalk 9nAu ADSL2+ ansonee 1dmmiz

" ' 'y ¥
AWDITNIN 1.1 MHz 1Az 2.2 MHz 1A0A130 downstream MR IN31 1.1 MHz 92QnU9AN3



39

® ADSLz
8- ADLSLzw
300 : T g ]
FEH R e ukﬁ? O e e N
i i
N
; ! ;
) sk _ ‘ {
a 5 | v |
: | i )
5 2 : H
E 3.0 ; '\\E !:
i i
e LN
= w0 : . .Y
= '. P
o ; P ;
¢ i %
. TSP BRI oy e ) lmﬂ_ sl --&m i
b e
I
i |
!. 3 i I
1 2 3 4 5 7 8 9 1011 12

LOOP LENGTH (Kilofeet)

4 - d ¥ v
311 3.9 ADSL2+ 9ziidasuiamsdadoya downstream gagaiiu 2 i

o : ¢ a A - = '
T quanddiazilulsz Tomiodrduiielins19u5ns ADSL  nawgaouy

i a [ a " 4 v
binder IAYINU crosstalk 1NVTNT ADSL vogmeniaausod llsunumsdedeyanu

a & o adoe ' '
ongaonisld ADsL2+ munsoudilymiildTaomsl¥anudndnd 1.1 MHz vugaio

A d‘ i ' A l& 1 o
HUI UAZANUDIEH G 1.1 MHz 1ae 2.2 MHz Uil?)ﬂﬂﬁ'lﬂﬁuﬂ Wiﬁﬂz‘ﬂ‘w‘lﬁlﬂ crosstalk

CENTRAL REMOTE
OFFICE ERMIHM 1 22 MHz
_g(}., YT m— Z ADSL2+
—17 § § 1 common
" # # BINDER
ADSL2 ADSL2

3UN 3.10 ADSL2+ sl lumsan crosstalk 14 @ lnajiiia

i.1

0.14

4
U

MHz

18 (3144 3.10)



40

3.10 HDSL (High speed DSL)
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3.12.3.3 Fibre to the home (FTTH)
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ABSTRACT

This paper provides technical proposals for new ADSL
(Asymmetric Digital Subscriber Line), MetroNet and
VolP (Voice over Internet Protocol) network. This
solution can be called “Pure IP solution on ADSL,
MetroNet and VolP network”, which means the new
ADSL, MetroNet, and VoIP network is mainly based on
IP technology. Now 1P technology and “Everything on
IP” is a trend, which will integrates data, voice, text,
graphic, and video seamlessly in the united data network.
Compared to traditional IP technology, which cannot
grantee QoS (Quality of Service); the new IP technology
that ingrates MPLS (Multi-protocol Label Switching)
technology, TE technology etc, has overcome the
shortage of traditional IP technology, which offers a solid
foundation for evolution to NGN (Next Generation
Network) network. Hereinafter, in this paper will give a
detail description of the network design, respective
system.

1. OVERALL NETWORK DESIGN
ARCHITECTURE

1.1 Overall Network Design Architecture
Requirements Analysis

The existing ADSL, MetroNet, VoIP network is shown in
Fig. 1. It is ATM based network comprise six ATM core
nodes, BRAS, several ATM edge nodes and 300
DSLAMSs. We assume 6 Centralized Switching Nodes
(CSN) as L, P2, P1, T, L2, and P11 for broadband
network in Bangkok Metropolitan Area. We has deployed
the Digital Subscriber Line Access Module (DSLAM)
into 300 sites of Remote Concentrator Unit (RCU) with
the ADSL, MetroNet, VolP  Subscriber Management
System (SMS) in 6 Centralized Switching Nodes (CSN).
Such network overlaying the ATM backbone has given
the ADSL, MetroNet, VolP service to both Business and
Residential. We assume plans to expand the Existing
ADSL, MetroNet, and VolP Network. The new ADSL,
MetroNet, VolP network will have full coverage in the
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Bangkok Metropolitan Area with a total capacity of
100,000 subscribers, and to expand the Existing
MetroNet Network to cover additional 100 buildings.

We have the intention to designate a nearby RCU as
a Pseudo TN (PTN) to represent the new Core Network
Node, which will be the root node for the FOB
Distribution Network to its subordinate RCUs. The
number of PTN node will be 64, and the 64 PTN consists

Existine Broadbond Metwork

T =2 =
o) el AT 4 L l.’?_ﬁ&" o

Fig. 1: Existing Broadband Network

of distribution ring. Now also provides and will expand
MetroNet service for business customer to 100 buildings.
40 MetroNet will 2 rings with 20 nodes for each. The 60
MetroNet will be connected the RCU. We will offer TLS
service for business customer. According to Annex 6 &7,
the DSLAM capacity for RCU varies from 16 ports to
656 ports.

1.2 Bandwidth Analysis Of over Overall Network
Design Architecture Requirements

To ensure the bandwidth for all the traffic including
ADSL, MetroNet, VolP and reservation for the future
services, we should calculate the traffic in detail. Here,
we will analysis it in three parts separately: ADSL,
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MetroNet and Virtual Trunk. After that, we can acquire
the total traffic consumption by adding them together.

2. ADSL SUBCRIBER TRAFFIC

To identify the links between the routers, IDC and
Internet, we mark them with a number as shown in the
Table 1. Before calculate we should make two
assumptions: According to assumption, the bandwidth per
subscriber is 768 Kbps at concentration ratio of 1:25.
That means each subscriber will occupy 768 Kbps/25 =
30 Kbps bandwidth of the backbone.

The ratio between external and local traffic is 2:8.
That means 80% of the ADSL Internet access traffic will
2o to the IDC (which will be set at the P2 node and
connect to both P1 and P2), while 20% will go external
through the ISP.

Table 1: Links between the routers, IDC and Internet

Link 1234 |5i6]7]8] 9 0 |njn

Trefic of | Itemnat sicess S0 50

ADSL DC 1200] 1200

87) | Eaemal 300|300
Subtotal 0| 750 o0f 750f of 0] 0| 0] 1300| 1300|300 lml

5 F
[
L
;
1
9T
. &
AW ¥ oer
L
e 1 "]
A oores ' | e L
o | ot i ) L5 b W e
JADSL) SIDM

Fig. 2: Traffic Analysis — ADSL subscriber

Base on these assumption, we know that the traffic
concentrated to each CSN is 100,000/4 *30 Kbps = 750
Mbps. For L, it will go through link 2 to P2 and after that
divide into 2 parts, 80%*750 Mbps = 600 Mbps goes to
IDC through link 9, 20%*750 Mbps =150 Mbps goes to
ISP through link 11. We can get the link consumption of
P1, P2 and T in the same way. Then we add them
together, we get the Table 2 below:

3. METRONET TRAFFIC

Totally, there are 100 MetroNet nodes connecting to the
four CSNs. 40 in the MetroNet ring and 60 attached to the
PTN ring. We assume that these 60 nodes distributes
averagely. So there are 15 nodes attached to P2 and T, 35
nodes attached to L and P1 as shown in the Fig.2.
According us to requirement, each building should
be equipped with at least 40 Mbps bandwidth. We assume
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that among 40 Mbps, 10 Mbps is for Intemnet access while
30 Mbps for interconnect. Let us calculate the Internet
access service first. Take L for example, it connects to 35
MetroNet nodes, the Internet access traffic will be 35*10
Mbps = 350 Mbps, 80%*350 Mbps = 280 Mbps of which
go through link 9 to IDC and 20%*350 Mbps =70 Mbps
will go through link 11 to Internet. Each CNS’s traffic is
shown in the Fig.2. Through this, we can get the traffic
consumption Table 3 below:

Table 2: Traffic consumption of Internet access, IDC

and External
[ VJ2[3[asTe[7]e]s [o]uliz
Traffic of lnternet access 350 150
MetroNet (Myps) e 400 400
[External 120] 120]

Concemning the interconnect service. Let’s take the
traffic between L. and T for example. Averagely, the
bandwidth MetroNet node occupied to interconnect with
each other is 30 Mbps/99 = 0.3 Mbps. So each node
attached to L will connect with all the nodes (15 totally)
attached to T with 0.3 Mbps*15 = 4.5 Mbps. Totally,
since L has 35 nodes, the bandwidth interconnected
between L and T will be 4.5 Mbps*35 = 158 Mbps. Each
interconnect traffic is shown indicated in the table.
Through this, we can calculate all the traffic as shown in
the following Table 4.

Table 3: Traffic consumption between L and T

Lt r a2yl ol s Pl o] wlufn
[ v— 5]
el o e
N . T
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- EEE: I a 4 o d | o o E
4. VIRTUAL TRUNK

We draw the picture below that shows the traffic
between each CSN. When the two-direction traffic is not
balanced, we take the higher one into account to ensure
the bandwidth.

g
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Fig. 3: Traffic Analysis — Virtual Trunk
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Table 4: Bandwidth each link.

Link 1 2 3 4 5 6 7. 8

Virtual Trunk | 271 | 241 | 268 | 144 | 110 | 199 | 65 | 187

After careful calculation, we got the following Table 4,
which indicate the bandwidth occupied by the VolP
service of each link.

5. ADSL ACCESS SYSTEM

The ADSL access system is shown in Fig. 4

According to Annex 6 &7, the DSLAM capacity varies
from 16 ports to 656 ports. Considering about the cost,
we propose two types DSL equipments for different
capacity as below.

(1) Capacity no more than 144 lines: Mini DSLAM.

The Mini DSLAM is a compact model with 0.8G switch
capacity. The Mini DSLAM is 2U high by 19 inch and
provides 24 xDSL ports (24 ADSL ports or 16 ADSL
port + 8 SHDSL port). Small capacity DSLAM provides
2*FE interface (one for uplink, one for cascade). 6-level
cascade with Mini DSLAM provides 144 xDSL ports.

(2) Capacity more than 144 lines: Large capacity
DSLAM.

The Large capacity DSLAM equipment is a modular
system that comprises of a full 42U panel of 992 ports,
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Fig. 4: Proposed ADSL access system

consisting of a main 17U chassis of 480 ports and a
second (Identical) 17U chassis of 512 ports (The Small
capacity DSLAM can fully function with just the 480 port
chassis installed).

For RCU site with a MetroNet, we suggest large capacity
DSLAM. The Large capacity DSLAM provides the most
powerful network capability, and can provide FE, FE

trunk or GE interface connected to MetroNet or to PTN
site.
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6. INTRANET MPLS — BASED L2/L3
INTEGRATION SOLUTION INTERCONNECT
SERVICE

There are more and more subscribers who will benefit
from the MetroNet service with higher bandwidth but
lower cost. The integration between the existing ADSL,
MetroNet, VoIP network and the new IP network is a
focus. Based on IP/MPLS technology, the ZXR10 can
integrate Ethernet service such as MetroNet TLS and
ATM/Frame Relay traffic over a single shared
infrastructure, to allow offer new Ethernet service and
support the existing service based on ATM at the same
time. We have discussed the TLS over MetroNet which is
based on IP and Ethemnet network. For IP/MPLS
technology, it is similar in an integrated network that
aggregates both IP and ATM. It is MPLS' ability to tunnel
various types of traffic. In the recent Martini Drafis, the
IETF has focused on specifying MPLS Layer-2 transport
tunnels to accommodate Frame Relay and other forms of
legacy traffic. Specifically, the Martini drafis define
encapsulation and label distribution mechanisms that can
be used to transport Frame Relay, ATM, Ethemet, High-
level Data Link Control (HDLC) and Point-to-Point
Protocol (PPP) traffic within Label Switched Paths
(LSPs) across an MPLS network. One result is a network
like that pictured below: A multi-purpose MPLS/Ethernet
cloud that aggregates both Ethemmet and Frame
Relay/ATM service traffic.

g
_Eg— virm ik s LI A8
wiEINa

Fig. 5: MPLS L2 VPN over integrated ATM and
Ethernet Network

This is a MPLS L2 VPN solution. In this solution, we
propose ATM link to connect the new IP ADSL,
MetroNet, VolP network with the existing ATM based
network. In CSN-P1 & PNC, the router provides one 4-
port ATM155 module to connect the Nortel ATM switch
PP15K.

In Fig. 6, the backbone router, router acts a PE router
(provider edge router, equal to Label edge router). The
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provider's equipment forwards customer data packets
based on information in the packets' data link layer
headers, such as ATM VPI/VICI or the Ethernet 802.1q
virtual LAN (VLAN) tag. MPLS VPN technology makes
it easy to realize the above integration requirement. The
implementation based on [IP/MPLS for the five
integration model is shown in the Fig. 6.

(1) New MetroNet & Existing MetroNet

To connect with the new MetroNet and Existing
MetroNet, we provide GE interface to connect the
existing MetroNet ring at the backbone router. We can
implement MPLS L2 VPN — TLS service. The VLAN ID
is mapped into VC LSP at the entry of LER point. The
packet then is forwarded through established MPLS LSP
in IP/MPLS backbone. At the peer LER, the packet will
be added with corresponding VLAN ID, or sent to the
corresponding physical port. The IP/MPLS is transparent
to the subscriber.

iF i
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Fig. 6: MPLS VPN based integration implement solution

(2) New MetroNet & Existing ADSL

It can be implement integration based on MPLS VPN
technology. The existing ADSL subscriber establishes
PVC, and the PVC is terminated at the IP backbone
router, which here acts as a LER. The ATM VPI/VCI is
mapped into VC tunnel. The packet then is forwarded
through established MPLS LSP in IP/MPLS backbone. At
the peer LER, the reverse procedure is done: the L2
packet will be added with a VLAN id, or will be sent to
the corresponding physical port. This is the whole
procedure. The IP/MPLS network is transparent for the
service.

(3) New MetroNet & New ADSL

Because this is an pure 1P solution, and we propose 1P
uplink interface for ADSL; so the interconnect procedure
is the same as New & Existing MetroNet.

(4) New ADSL & Existing MetroNet

The same implement mechanism as New MetroNet &
Existing MetroNet.

(5) New ADSL & Existing ADSL
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The same implement mechanism as New MetroNet &
Existing ADSL.

7. CONCLUSION

We conclusion 2 points about us integration mainly:

1. The existing residential subscribers’ immigration from
the existing to the new Pure IP solution on ADSL,
MetroNet and VolP network.

2. Intranet Interconnect service between the existing
ADSL, MetroNet, VoIP network and the new ADSL,
MetroNet, VolP network.

The MetroNet Access System shall be designed with high
availability objective of 99.999% with the integrated
network topology to optimize fiber utilization as well as
fiber reliability as much as possible. The design criteria
shall meet following assumptions:

The IP pure solution has good integration with the
existing ADSL, MetroNet, and VolP network.
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