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Extension of E-LSP for Supporting
Differentiated Service in MPLS
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A4 ele]Yle QoS(Quality of Service)e] BAS} Zw& ALE FAoz dhedl 2 dlEAQ 7}
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&7 #1851 9lr}. IETF(Internet Engineering Task Force)®| MPLS WG(Working Group)ellAe ©]E $]5led
E-LSP(EXP inferred-PSC LSPs)9} L-LSP(Label-Only-Inferred-PSC LSPs) H<he Alqbgledl, 712 v 2%
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ABSTRACT

NGI(Next Generation Internet) is characterized by QoS(Quality of Service) and high speed transmission.
Recently, DiffServ and MPLS become most influential NGI architecture. To guarantee end-to-end QoS, it is
essential for NGI to interwork MPLS with DiffServ. Here, MPLS WG(Working Group) in IETF(Internet
Engineering Task Force) proposed the method of E-LSP(EXP inferred-PSC LSPs) and L-LSP(Label-Only-Inferred
PSC LSPs), but both of them have serious problems to satisfy perfect interworking. In this paper, we proposed
an extended E-LSP architecture that supports perfect DiffServ class and experimental function in MPLS such as
ECN(Explicit Congestion Notification) capability. We verify that the proposed E-LSP architecture improves QoS in
NGI by using ns2 simulator.
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[.A &
2 Qe 2L wi- Pl gled, o

4 =
e

23 9dL 34 F 7R re] A7 4= Qlck
3 WAl <AEYl AMSRIe} EdEe] okl o)
3, E oS FHE Hejulrie] Au|xe} 2R AAzL
o SRS 8shs Edfue] SRl wlehA
Au|2 FAe] vael| g a7} A ik 2
o QlElel = 712e] lEdlelA] AlFeR] Fah=
olgfdt 7 7} QAL RSP flele] 9] A
e Bo Bd9a) 28 AeEs A4 b
g  DWDM(Dense Wavelength ~ Division
Multiplexing)s} 78 7o) 7psls qla, A% o
23 A= QoSS BA xud LS Y
ofg] 714 F25e] A= e, dEAH Ao
E5=  IntServ(Integrated Service)[ 1], DiffServ
(Differentiated  Service)[2], = MPLS(Multi-Protocol
Label  Switching)[3], =¥ sllx|v]e] =) (traffic
engineering), Constraint-Based Routing £o] ¢lck
o] Zrell/] RSVP(Resource reSerVation Protocol)e]]
7MEE F IntServ 2wl-e gHAdel| FA)7} gloiA] Al
Az FA=RE Felly, Ede ol
Constraint-Based Routing-> &zl MPLS 7|42} %3}
i Qiek AEHes Ao lEle] FA Sl
teke- DiffServe} MPLS}y & 4= ¢li=u)], Ay
LElellA] Foit Ap|aZals vkl SleMde
A2 AeIRt AlEe] EAEl o] F 7K mee o
E3h= 71Ee] FaEolri4].

&4 o]= )84 IETFS] MPLS WG(Working
Group)ol| 4= E-LSP2} L-LSP H}olS Aolsle]=
4], E-LSP H}A]o] 7$-o)i= 87) ]3] DiffServ
ARl Fel|anke x|918ka,  L-LSPHFA] 79
+ PHB - sh}e| LSPE -fA|allo} sl A4z
L8F dolEe] 571 YT welrls de) gtk

B =ollAE oo ths] MPLSe||4] DiffServe
sl A1s7] S1gF A= P9l g4 E-LSP
£ Aokl Algksl 234 E-LSP 72+ DiffServ
dlx] olgHez A se¥ BE ulA Fex
T A F QEE A= 1R F
wHale] Zduks- o8-k MPLS|A] DiffServs-
A3k Bl m74ql digle] & 4 gir) =3,
7129 E-LSP WAlS AH4sH= MPLS®%3} 2 =3
of| 4] Akl #FA E-LSPE AMsH= MPLS wfa)e
Az FAE ns2[5][6]F o437 AlEHelds &
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II. DiffServ

1. DiffServ #=

DiffServi= QlE|ullellA] QoSS WAEl7] 913k A%
offeF 32l IntServe] thgkoZ 19971¢]] IETFoi|4]
A=A ool AAE IntServ wwle RSVP
2EZS 7MleR 3lumg wogl(domain) e wE=
2ol E29(flow)e] BE AERE 71 9l
olokt sk, mgk soft-state wlAUZ olshA 5]
Aoz Fzpel AelE Pk wala 728 7}
A3 gk o)& gldl] IntServ Ele Alxlw 2)loE]
X Falsl] PEx, =] $sbr} wol ZHelw, &
Aol A7 FAl7) lsick

ol2fgt FAlE Zsl7] $lele] A%l DiffServ
ndle Hzle @ e xEsisl PHB(Per Hop
Behavior) 548 71x)= Zu42] #gtow TEs}
o, IPv4/IPv62] 3t]e] DSCP Ao FAsle] 3
$3h= Fzolch 27 164 Mi= ule} o] IPv4
2] TOS Hri} IPv6e] Class Ic= 6H]EZ2]
DSCP #=¢} CU(Currently Unused) =7 L}y
o]2] 3, DiffServe] PHB3= DSCP Ao FA|EY,
CU -2 3T Bola AHel &3 AllolE 9
gk ECN Hx=3® Algs 7y g)c)

IPv4 Header (first 32bits)

Header
length
(4bits)

TOS

Version
(8bits)

(4bits)

T
‘ 16-bit Total length (16bits) ‘

T = = \
_Lj:ji;lfsc"’hé_ﬁﬁ] P

Version | Traffic Class
(4bits) (8bits)

IPv6 Header (first 32bits)

Flow Label (20bits) |

%] 1. DSCP 9=

Boundecry node

S

Customer network

Interior node

Boundcry node E

Qustomer network

Boundary node

i

Customer network

1% 2. DiffServe] 7§gd=ql 132
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DiffServoll M= ]~ A% ov|sh= 2 7))
¢l PHB #stoz 3718 Jipglornz, Z2go
RS Y 4 UL =3 ol2¥ PHB AR
ould o 72 29} 7+2 W 2}9-Fl(egde router)
ol Aut FAEla, WY 2R9-E{(core router)ell =
FA)¥l DSCPHU=F Fzxdle] o] HAzls Ad
3= g8k gk} ae]= g, DiffServye 2 E 29
Ele]l RSVP 215 2 wFo] Q3 IntServ 3=
of nlair F=AF zbdelarn, Bl sofuim, s
do AL S glE o] gk

2. PHB(Per Hop Behavior)

PHB+= DS(DiffServ Domain)i}j2] 2}$E 7kl 7l
<+ oJgA AEF Zlrlel W Aok A A
Ale] 7+ = djzle] DSCP H=E #zsle] s
DSCPe| ofsl] #elsl PHBRE #Hzl& Adghct 12|=
2 7 sjglo] 248 4= glE A= ol PHBE Z
AR oE M)A FHlje] siE’kc) dulEes [ETF
9] {FEow Aol PHBY e ol 2l[2]

2.1 EF PHB(Expedited Forwarding

PHB)

EF PHB[7]3= “101110" & DSCP HAx=e¢] %A=
£4, Adwle], AEA|A 5 HaE 4= 7 2
Sl Exge A|/1sl] SlEiA] Algk Zleldk
weld, AAZE Hejule]e] FedAk Ada) e A
w713 28 Ef¥2 EF PHBE %3 #4%ick

o

2.2 AF PHB(Assured Forwarding

PHB)

AF PHBI[8]-> EF PHBe¢} 7R wi3lgh AMu|~F
e wAsA] = Rk, 7 Edge] Aula qfef
of A3 e Aulxe F2& AF3ick AF
PHBS| 7|&Asl 7ldLS DiffServe] 7]x7} =
RIO(RED with In and Out) ®|AHLUZolA] H=l5}
¢t} AF PHB+= ©]2{g RIO w755 4702] A
o Seflxo) Zhe] Feljxe] 3719 #r] A4S
(drop precedence)E 7}3l Fx= FAFE zlelrh
AF PHB:= ths & 13} o] 47)9] Zwl2-e} 371
2] 45918 Z+= 12719] PHB7} Aejse] gl

¥ 1. AF PHB2] DSCP == ¥2lE(code point)

Ocss Ccss2 Clcss3 Clcss4
LowDrop | 001010 | 610010 | 011010 | 100010
Medium Drop | 001 100 | 010 100 | 011 100 | 100 100
High Drop | 001 110 | 010110 [ 011110 (100110

w=2/MPLSHIA 53 A28 A9 9% E-LsPY 3y

2.3 Class Selector PHB

Class Selector PHB:= 31z AR2-8l3 )= IP
Aeg] Heole] 33ME 5] ARl Al
Sk AolElely, “xxx000”¢] = F¥JQEE 7}

e ey fo

o

2.4 Default PHB

4 ApaE 87K W S vlEAe=
Algsh= #4138 A]v]2(best-effort service)2| 79
“000000” 2.2 ¥ A|8}3. Default PHB2}3 g}

m. MPLS

2 24 QlE]ylolA]= MPLS7} dll4l=ql 7]
<2 2z} w3 gl=d], MPLSS| 53k& o Bat
dlole] 54le] 7Mke o]Fx W F 7H4] 7l&dl
Z5Aql  dlo|e]1el(datagram) Z|uke] 1P ulkw}
ATMe|-} =#|q] H#o|(frame relay) ¢} 22
7-7] 8F& (connection-oriented) Wz}e] E7-S- 2n|
gtia & 4= 9)rh

MPLS= A3 =7]2] #|o]E-2- shim headerz}
= TEE ARSI 2433 3A1F Alelel A, 2
AZe] =3 71e3 AL HF Ve 5[
7|%o]c}. MPLS 7]%-& shim headerES AH8-3lm 2
153} 3AEe) xerze] WAgle] Agel b
spel, 7R meh AAUels) 714t b AR
“HVirtual Private Network: VPN)o | }
VoMPLS(Voice over MPLS) S-2] t}ekgl S-8- 4]
H|20] AZo] 7153lc]

F|Zoll= IETFE FHoR 34 JESaE ¥}

2= Y| E$] =4 # 83t E %)=
GMPLS(Generalized Multi-Protocol Label

Switching)[9] = A x]e] A <levle] 7|4 &
Fo g zRFlelrka qlck

P==MPLS S5

% 38 MPLS EZ2gF »d Fxolch $|¢
a¥ells ¥ ule} zte] MPLSE  Etherneto]i}
PPP(Point-to-Point Protocol) 7]|4ke] whej|ri= 24
Z3 3AlF Aelel #HolE ARE X e
shim header 4Hjsle], ATMol} =#|g] Yeo]
FFZoA= pazas VPI(Virtual Path
Identifier)/VCI(Virtual Circuit Identifier)2} DLCI
(Data Link Connection Identifier) o #o]&E-
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e Wi 242 mEEe] WAl mE
Fzolx] HE R 71l

[ ¥R ||Ethernet || PPP |

1| [DLCI|[ “Shim Label” |

MPLS Encapsulation is specified over various media types. Top
labels may use existing format, lower label(s) use a new
“shim” label format.

1% 3. MPLS Z2&F A

1% 4= MPLS #o]8-8 ¥3slal gl shim
header®] FFo]t}{10]. Shim header:= 32°]ER
Fsle] olx Zzbe] o] Ue-e chest ek

P Packet

18] 4, MPLS shim header -3
* Label(20bits) : MPLS #]o]& Zlo] A== 4
Eolt}. 0-159 ghe B doly: e AAF
o] slrk
* EXP(3bits) : AF# el AM8-& $I3F Hro|glA|
oh Al F2 AR|A F924(C0oS) Hx9e] o
9 9lsle] AMESE= Heo|r) DiffServe 2818}
£ MPLSOA 7} 583 dE=olrk
* S(1bit) : #Ho]E ~=le] =]} =2 ehiy]
91§k v Ee|c}
* TTL(8bits) :
#v2] TTL(Tim:

WA HAYE 5 A% IP
Live) gko] A =o] 3lrt

52k
= To

DiffServE #|{sk= MPLS =2 AA|s}7] £19)
e 24e4] <133t DiffServe] PHB2} MPLS
shim headere}e] edEo] Hgsjr) B =ioA= 5
Gella] olol B FAA welke Avpeg
ek

IV. ECN(Explicit Congestion
Notification)
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1. ECN 7i2

198042 ¢]% Van Jacobsone] 2]3jj4] TCPel|
Ao 3 Aol wAUZe] A7 Fell oy 714
IP AdMe] &4 Aol wAUZe] A3k
ECN(Explicit Congestion Notification)[11] H}]->
F5 muHsn s 71 = A el vl
S 7lse FAlse] & of we] EAEE
glAlelE®E  dh= 7]&2] RED(Random Early
Detection) [12] HPH-S 7WAl3te] WEL)=FGA] A
ofd 7154e] sl B vIE PA olF F
A 2ol WAMoZ JeiM AEEES TAsh:
wpo]c),

ol2igh wA1Hal E4tAle] whbA]l ECNE AH8-3}
W fFdA AL vy wriEke AE 9AE F

ek

Network
All outgollg plekets SR Lo
have ECT-blt et :

TCP ACK packets with
ECN-Echo flag set

X

3] 5. 97t ECN ==

23 5¢ £k ECN9| 52k& vehdl Zlelct
ECN 9we]&e vEf =64 Eate] ol4t=d 1P
#|t]e] CE(Congestion Experienced) H|ES 12 3
AlSkaL o] Hzlo] AlEe| E2slA o]E A &
of ote]7] 95kl TCP sl|riel] E4)sk= ECN-Echo
15 ®ASle] A$Ricl ECN-Echo Eei17}
FAE R3S 41 SellA] W9k def] Al S
Ae Afshe =S ARIZE Auker oA
=Sz 3 A3k AT’k

CE
(1bit)

ECT
(1bit)

DSCP
(6bits)

a3 6. TOS A= 9] ECN 2|4 H|E

ECN 7162 29 6elxi¢} o] IP TOS Hrx9j
mpxu} 2u]|EE ARgRIch IP TOS de=o] 44 6
H]|Ex= DSCP I == DiffServe] PHB2| AR E #
Ak 279llA] o] dFsisic IP TOS =2
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wB/MPLSOI A 258 Mul2g A9st7] 9% E-LSPe &%

7H#| H]EX ECT(ECN Capable Transport) H|E
o1, 8¥17] B|Ex $jellA] A% CE H|Eo|r}
7 ECN ZREZ9| 7|58 BE [P 2h$Ed
A Asks Aol epuR &g 2197} ECN2
71es AMs=A19] AY-g FABh: ¥EZ} 18
stk ECT BlEx o83t 7158 35k, T
FAS A5 ECNE 7|58 =7 #|93it
W $A2k= ECT BIEE AA”E Fol 3l S
gtk spA|Rl, ECT ®|E7} AdAe] =2 st
ECN 7]%-& M3l R3lm2 RED ¢x2ES
AHEsle] izl wes] A7 St sick

2. ECN& A|glsk= MPLS

el Admg P Wollxe] ECNS| 7|52
MPLSo|M = F&lo] 7hs3icis MPLS||A] %72
LSP(Label Switched Path)E 27| $|3F = sh}e]
A3 o|a A4 AR7L & 5 9l Aok

&9k MPLSell4 ECN-& #]818)7] flsiAd= Al
24§} A)gF 247} glrl Shim header® Al&3}=
MPLS %al 7Af<le EXP = F ¥ H|ES
ECNol| &tlglclad DiffServE 2|3k EXP iz 2
H|ER FojEA HoA FHdf #|9! 7} PHB=
ANZ Folge] ¥tk

B E=RelME oy FAIE AEsk] $lslke
N2e eje] 84 E-LSP +2E AR3sle] MPLS
o] DiffServ®] 7}t »E= PHB¢} 37 ECN2-
R A i s

V. DiffServE A5 MPLS

1. DiffServg& X[&sk= MPLS #=

MEollA gt nlel o] A QlEulelA
g 7k Au|2aFAE RAsl] $lside MPLS %
o4 DiffServE A|sH= 7]%(DiffServ  over
MPLS)e| ®l-$- F83jcl o]& $lsir MPLSS]
z}7}o] LSReo] DiffServe] DSCP kS alAlsfjof 3}
L], DSCP " IP 3o Sojgle s PHB
o g AWE LSRo] A Ax3slA] F3kcl 2=
B2 MPLSo|4 DiffServd Alt|z #517] $l4l
& LSRe] Hzle& #A4% of 3= shim
headerel] PHBel| ¥8F A 17} glefo} g} }A]qh
MPLS®] shim header 4] wAlell DiffServe]
PHB: TP2] $A+¢] Trxo] aiwdsles Class
Selector PHBS| +Euh& Algsln U=z,

Copyright (C) 2003 NuriMedia Co., Ltd.

EXP i MPLSY &t AR|=2E Hi3)sp)
$lelA 3v|ER AAFEICE o]zt Al w7
o2 qlale] Lol DiffServellr] AM&7}s3 PHB
8] AP} Alg F7itel wetl 6v|ES] 2H gl=
ARE k3 9)= DSCP Px=9] e MPLSe| 3
43)7] $)5le] 38]ES] EXP Htof s §hoza]
A7) A7 EAgi.

DiffServ/MPLS Domain
g &7

DS domain W i DS domain

o8 7. DiffServE #|{1sk= MPLSe] -3

3 7L DiffServE #|YU3k= MPLS?| %o
o} duld oz MPLSe|4 DiffServE #|$13h=
7]4€ QoS ZAA-L DiffServ o 23] o]Fo]%
3, A7) AL MPLSe|| 2|34 o]Foizlch4).

| | P8
? ! DBEZSID" ‘EC
{1-p5C || Decech Label Tabal Seheduing &
| | Mapoing Buler management
| V3 [ Ao
; H T Oulput
‘[ DSCP ! | P PSCHC] porl N
3 LY 1 Y 2 i
[Prcit - ol { iy B ol
i Input —ﬂﬂassm;{PS_.ECl Swapping I port2 \
| \ !
-

18] 8. DiffServE #|{l&h= MPLSS| &2+

2. E-LSP(EXP inferred-PSC LSPs)

17 88 <Jul#<el MPLSE #|%1&= DiffServe)
2k uepd  zlolck  DiffServe o=
DSCPE 3k=xsled PHBE ZASA =&,
DiffServE #|1sH= MPLS%-2- #7lo] MPLS®o.
2 A4l djol] o]2ig} PHBol| g AXE shim
headerdlll=. A A1A Folof &) o] 75l 714
A4 543 4= 9l& #He] E-LSP[13] o]cl.

E-LSP:= MPLS shim header®] EXP Hxzo
DSCP A ¥E vjgsle] DiffServe] PHB HEE -7
Z| 5= 7o} o]e]g} E-LSPE o]-&3pH DiffServ
wo] ®E PHBE 3&l}e] MPLS LSP(Label
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Switched Path)2 &% 7}sslch= A4o] slrk
spAuk, EXP H|EE QY 3v|EQ] Z7|E AA
F9lom g E-LSP HPHS Esrle FHd 87179
PHBYF 2|41 715slos &lxje] DiffServ 3E3ol4]
Aolala 9l 7|EAel PHBY| 7= #A{ld ¢
girhs  whgde] glrl.  (DiffServel4] BE(1) +
AF(12) + EF(1) ¢] PHB%F #|$islcka 7HAE=
147)2] PHB7} 2 g3}c})
gl E-LSP HM]<S shim headers AR2-& 4= §l
= ATM, =d#|¢] Leo](frame relay) el 24
o] Brls3icth

3. L-LSP(Label-Only-Inferred-PSC
LSPs)

E——
R1 R2 R3

(a) E-LSP

AF1y packets L-LSP for AF1y

AR
:D:l:’ R1 \ R2 R3

Default packets L-LSP for default

(b) L-LSP

1% 9. E-LSP9} L-LSP2] 52t

L-LSP: E-LSPe}:= we] 7|Ex o= EXP d=
o  FAQlel, AF & Fellze sl
OA(Ordered Aggregate) 2} FEC(Forward
Equivalen-ce Class)2] #el| tls) shie] LSPE v
Hah= wpelck 23 9% E-LSP9} L-LSP9| 5%}
& wlasle] ARdgk Zlojrk

L-LSPE A}gald EXP H=e| e FHFdA
%3 871 o]4e] PHBE A9¥ & slaL o] A%
o] EXP HEe] g2 A7 #7] Aws] F=R
AH8E 4% gk =gl L-LSP= E-LSPE 443
4> 93 shim headers A}l8-3}#] ¢F= ATMolL}
x)g] deo|(frame relay) WellAM= g 7153t
Haloc}. lA|wl, L-LSPE A48 Afoli= OA%
shte] LSPE &sliof slue, do] Au o]
28 fAs] SisiA vlzele] Fake] wel dL
slch= o] otk

o= 'MPLSE Aglsh= 2k9Ele] Ao S 3
838k g4¢l Hu %% LSP(Maximum number of

LSP)s] 7hel AAMel deke Foh lwdes
MPLS = 2] $15= 2-3-E]12] NP(Network
Processor) ®E-S AA Aojdd 4= gl 3HAE o
B F7hs A Az, o] AR Fikel L39)
FIB(Forwarding Information Base)¢} MPLS2]
LFIB(Label Forwarding Information Base) k-5
25 g3 glelef slmg Rl W 42| LSPE
#)9817] $laiAs L-LSPS AlMS3}A] ok HPlo]
wje e,

4. &% E-LSP(Extended E-LSP)

4.1 o|AaXel DiffServE X|®5H= MPLS

o] =

alnkd o2 MPLS wel|4] DiffServs 2ha}s)
A= 71 oAl B E 29} A2 87
235 713l

¥ 2. o]kl DiffServE *|1sh= MPLS mde] =7

(a) DiffServe] DSCPel|4] #317}5 & =&
)2 Ze)|2426 bits= 64 PHBs)S 7|93
oF ek

F}e] LSPE RE DiffServe] A{H]A
A5 1L 5= gJeiof gl

2A1%2] qlejslo]zol] FAGle] 52 715
sllof gt

(b

~

~—

(c

2] IETFS] MPLS WGel4] #|gksl gl=
E-LSP2} L-LSP = oW HlAlx 3 29 mE
2% urEslx] 33lal gle). E-LSPe| 7o
E E 29 @@%= §uslx, L-LSPo] 7%
= ()2 $uElcl. aejez A [ETFE
%9lol| A= E-LSPo} L-LSPo] =§S Ea)4
DiffServE A|$l8l= MPLS%-S AAs=% 4
a3l Qo

3px|ut, o]z wiile LRAel A A
Hho] ol Mmh ozl AlA] el 9lefA]
BAT7l 1 %2 TAAHSE AYxz ok o]
25k EAAEE AAEs] flElM B =Rl
MPLSwo| 4] 3}e] LPSE 7}#| 31 DiffServe)
ol2dor EAFE = e Al FUH2E g
waiA x1s}7] ¢lsle] A E-LSP F3E5 A
Sli= g

A
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20bits 3bits
Label lExP}s: B
(a) 2= 1: 7=/ MPLS 6llH
s 08 3bils  3bits
e Label DSG-‘-B:S| ™
+

(b) 2= 2: EXP ZCE &2
15bits 2bits  3bits 3bits
[ e (el m
(c) 2E 3: EXP ZC°E 21 &51 0 ECNS X”

28] 10. 4 ELSP 2

4.2 &% E-LSP(Extended E-LSP) &=

a8 102 £ =74 Algksl= 24 E-LSP
Zolck. ) E-LSP 139 71829l gL 7)&
8 E-LSP7} EXP HxwukS 3}%3le] DiffServe)
| A= vj=gko R ¢ls] DSCP Lo} EXP =
019 gjFo] A7|= TS Helsh= o)l

22} E-LSP 1-3= 7|2 MPLS shim headere}
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