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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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28 AZME QoS MAN 2y AEE 93
ofg] 7B FEEel A= sledl, HEA]] Al

2% IntServ(Integrated  Service)[1],  DiffServ
(Differentiated  Service)[2],  MPLS(Multi-Protocol
Label  Switching)[3], ZEzE Aol (traffic

engineering), Constraint-Based Routing o] Sich
o] Zol]4] RSVP(Resource reSerVation Protocol)o]
719hs & IntServ. L5l &AMl EA7F QoA Al
Az FRFAE Ely, Ed AR
Constraint-Based Routing-2- ¥z MPLS ~|<3) £3
3 Qo AEACE AR QlEyle] A #d
gk DiffServel MPLSzER 3 4~ gl=dll, *HAllch
et Ft Ap[aFAS BASE] fsiMe
A2 Aolgh AlFel EAghe o] 7 7x] 2HllE o
F3hs 7|eo] Hazje]oi4).

&7 o2 ¢|s4 IETFS] MPLS WG(Working
Group)olAl= E-LSP9} L-LSP HIQFS Aokl
b, E-LSP ¥FAle] 7f-oll+= 87f o3k DiffServ
Aujz Fefanks A|dska,  L-LSPulale] 79
= PHB %} 31}e] LSPE f=slof stz AR
2ag dol el 47} YT HolA sk gk

H xFoflx]t= olo]] thsl] MPLSo|4] DiffServE
hstA Ak A AEE 723 3 E-LSP
£ #lokgic). Algkel # B-LSP F&% DiffServ
4] olEH g X 7lggt EE AMula Fela
= ALY = ol=s AA=ENS, 7180 F 7
whale) ApAukg o) gslr e MPLSOA] DiffServE
Adshs Be}h #Aql digle] # 4 glv}h w3,
71&8] E-LSP WAl& AMS8= MPLS%} & =%
oAl Alekd &% E-LSPE ARS-3h= MPLS 73t
Au)2 FAE ns2[5][6)F ©)83 AEHeldEs F
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II. DiffServ

1. DiffServ *=

DiffServ= IEPflolld] QoSE nAsy| 213k =kl
oflof T2l ItServe] wieko g 1997'd¢]] IETFei|A]
A=A o]l AAE IntServ Bl RSVP =
FEEZS 7MleR 3lrg =olgl(domain) Ule] nE
2Pl T2 flow)e] EE AHAREE 7 Sl
oloptt 3lw, EF} soft-state WHUSZ o F7]
Hom Ea29e g ARshs B3kt &5 7}
A2 ek o] Qlaf IntServ e AlA|Z 2}9E
oM FEEp) dex, Ael ¥si) wel ZHelw &
AAdNe AZRE EAPE Slsick

olzigt AL si4slr] 9lsle] A|A)¥ DiffServ
zde A& 9 /)9 xpEslsl PHB(Per Hop
Behavior) 54§ 712 929 Ao T3}
o], 1Pv4/IPv62] s|cje] DSCP Hrof| FAlsle] A
$3h= Frolrk 28 1o4] ¥y ulel zlo] IPv4
2] TOS FHx=i} IPv6e] Class Fr&i= 6H|EY
DSCP #rxel CU(Currently Unused) Z=2 F
o]#] 1, DiffServe] PHB+ DSCP TTol FA|gw,
CU 382 #T S04 Al &4 AAE 9
3 ECN F=2 AH8E 7 glck

IPvd Header (first 32bits)

Version | Leader
length
(35it5) | (hits)

TOS
(8bits)

16-bit Total length (16bits) ]

Traffic Class
{8bits)

IPv6 Header (first 32bits)

Version
(4bits)

Flow Label (20bits) (

2% 1. DSCP 3=

Bounday node

R

Qustomer network

Bounday node

O

Qustomer network

Qusfomer network

-17) 2. DiffServe] AaAa 2



=H/MPLSO A 215381 Mu] 248 A 387] 1% E-LSPe| &%

DiffServol| A= Mu]~ ZFe~E onlsls 2 74
o] PHB Autoz 718 pglonmaz Zz o]

BATE 2d 5 9l =F o]#ig PHB AHHE
dubdlom ¥ 29} & 9 2}9El(egde router)
vt EAEla, Wl 2R$-El(core router)ell A=
FAE DSCPEEE ihgsle] dhes] Azl AP
e dgwt gl aejeE, DiffServye RE 2h¢-
Ele] RSVP 413 Z2EFo] P23 ItServ &
o wlsjx A} Z¥ebsla, o] Holuls, 1
402 AFY 5 gl Aol otk

2. PHB{(Per Hop Behavior)

PHB= DS(DiffServ Domainyi¢] =h$E] 7}01] 7l

S ofE@A HEE Zolrlell T3 Aok AHE AR
Aop o] 7 wri: szle] DSCP BEE #xs Pﬂl By
DSCPel| tjaf #<]%l PHBE A& A3kl zel=
2 7t e F4F = U AE v} PHBE A
M TE ) A Fulze] siokel). oubdos IETF
o] gFo2 #ej%l PHBY| 5 vhest 3kh[2]

2.1 EF PHB(Expedited Forwarding
PHB)
EF PHB[7]%= “101110"2.2 DSCP B ﬁ/K]E]m]
d, Aledwe], AERA 58 FH4aR e 7};&
*f“ o] Eggg #8lsl] flsia Ak IE}
wjg}a], AXA7E Hepuitie] Fodab Aba) ke ]O:M
w713k 48 Eef9e EF PHBS £3) 14%Ich

2.2 AF PHB(Assured Forwarding

PHB)

AF PHB[8]-% EF PHB¢} 7Z-& wlgkgt Mu|Aa%
Ag BANA = Kt 4 EdEe] Myl e
of ZHI o Aulx EFAE A|F3) AF
PHB9| 7|®2Ha]l 3L DiffServe] 737t 5l
RIORED with In and Out) WA S|4 F-2)3}
oJr}. AF PHB: o]2ldt RIO ®AUZS 4719 =
o Fel|e} zhzke] Feliael] 3709] H7t Al
(drop precedence)Z- 713 FZE §A¥E Ao|ch
AF PHB: o} % 13} 7ol 4rjje} Felje} 37)
o} £59E 2= 12709 PHB7} A=} glrk

¥ 1. AF PHB2] DSCP == ¥9l¥(code point)

Ccssl Ccss?2 Ccss3 Ccssd
Low Drop 001 010 | 010010 { 011 010 | 100010
Medium Drop| 001 100 | 010 100 | 011 106 | 100 100
High Drop [ 001 110 [ 010110 | 011 110 | 100110

2.3 Class Selector PHB

Class Selector PHB+= 3] AR83}z Q= IP
A=9] Peolo] 4G flste] A —r"d
ARk AeEa, “xxx000m8) T IIEE Z

l‘ll‘ M -{o

L

2.4 Default PHB

Ex] ME|AE 973K e AL sEAon
AF3h= 24138 Au) X(best-effort service)?] 73-,
“000000” 2. & % A|3}1L Default PHBz}LZ dhch

m. MPLS

F - A Qle{dlol = MPLS7} si4l=ql 7
€2 75} wa gled], MPLSS| § (3
dlolel FAle] 7k o) F 3 31“1 S aid oo i
A% lolelTei(datagram) k] P o
ATMe|u} =) eol(frame relay) <} 7R o
7-2|8F3)(connection-oriented) ko] EJHE 2w
ek o 4+ Slek

MPLS: A% =712 #o]E-& shim headerz}
= TEE Sl 24133 3A1F Alolel AR, 2
Azel m@ A\ B A5 lee HAET
7]%*0]1:} MPLS 7]4%-% shim header& A}g-3}22

2A1 23} 37A120] ZaEZ HAgle] Hge] 7Fs
ahe, 7Fgh B QiAUels) slest v AR
uH(Virtual Private Network:VPN)o|u}
VoMPLS(Voice over MPLS) 2] riekst -8 &}
H| 28] AZe] 7hs3lek
#Telli= IETFE 4o 3 vE=E T8
2E A=t =43k =+ =
GMPLS(Generalized Multi-Protocol Label
Switching)[9] 2 Wk ¥e] A AEjUle] 7% &
Fo2 Aol ok
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1. MPLS #=

1% 38 MPLS ZREF ~= LFolcl $]9]
g8ella] ®E ule}l 7o) MPLS:E Etherneto)ut:
PPP(Point-to-Point Protocol) 7|8le] wefla]= 24
23 3A1F Aleldl Held AHRE /Hm e
Ajsled, ATMeoln} =Z#|]] Hele]
Tz A= zkz} VPI(Virtual Path
Identifier)/VCI(Virtual Circuit Identifier)?} DLCI
(Data Link Connection Identifier) ¥xzof w)o]E-

shim header&-
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< Yddle] 24139 TREZ BAQe] BE
TEAA A4 7Hed 7ol

FR ”ﬁlemetlLPPPJ
|{DLCI]| “Shim Label”

| “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.

7% 3. MPLS X2 EE ~Ad

% 4= MPLS #Ho]E-& E3slir 9l shim
header®] FZo|tH{10]. Shim header{; 2B EZ
FAgo] ol Z7te] e hee ohesh ek

1% 4. MPLS shim header 7%

* Label(20bits) : MPLS aﬂo]b‘ ol AA=EE 9
Eolc}k 0-15W Zhe E43) Hold zroz z)A=
o] 3t
* EXP(3bits) : Al AH-E $1g HxoldA
i az}!“ F2 ARz Z92(COS) ﬁ‘-‘:—a}«l o

55 Y8l AHgsle Heold) DiffServd *|{18}

MPLSoM 7 283 deojck

* S(Ibit) : ello] e wixe 2& Jehiy]
9% wlEolc),
* TTL@bits) : F= WA wAU%E 5 913 P

#t]e] TTL(Time To Live) o] A=le] 9jc}

DiffServE A|93= MPLS =5 dAEl7] 98]
A= 2A oA olg8t DiffServe] PHB$} MPLS
shim headere}e] oifo] H@sjcl B =Foi= 5
oA ool | FAAQ HEE AHEEE 3
ek

IV. ECN(Explicit Congestion
Notification)

1084

1. ECN i

198002 ©]% Van Jacobsonol] £J3}4] TCPd
Ao} R Alo] wiAUZe] A7 Fol| o] 7%
P AellMe] &3 Al wAYZe] FAsth
ECN(Explicit Congestion Notification)[11] HF]-&
=g )2 o A 2 o i o S e o S T =
HZ1E A7Ist] $AI5e] & o we] ExEhs
QABEE 3= 7]$€9 RED(Random Early
Detection) {12] #PH-& 7fxsle] WEQz64 o
ot 7hsAde] e ke “1?4 HAlslq o) & $
Al Zoff ®HAAoZ delA AL E A=
Hbyolct.

ol2|gk WAl EAbAle] wHAl]l ECNE A3}
A el s wlE srlske e W
ek

Network . Randomly selected
Congestion Poi

All outgoing packets packets’ CE-bit are set

have ECT-bit set:

ECN
Sender '

i Recciver
e TS

TCP ACK packets with
ECN-Echo flag set

a3 5. 57 ECN B3

% S Z97k ECN®| Eabe ekl Aolc.
ECN °Ju’4u fi VB Zol]] Epe] A= 1P
#|tje] CE(Congestion Experienced) B]|EES 12 %
Ak o) HRe] 4l%el) ki olF 4l &
o «2]7] Yste] TCP #t]o| &A= ECN-Echo
Z 28 FAFl 243tk ECN-Echo “aﬂ:u}
FAE AR Al SollA] ok wloll 4l el
A A3k 9RT Alel=E AeR FoA
e =9 &4 Aske /AR

7% 6. TOS = 2] ECN =) H]E

ECN 7152 2% 69xjs}t zke] IP TOS 2
upx)at ZH]_E_% AHeglc), P TOS Hxe *oh—l 6
B|EX DSCP I DiffServe] PHBS] A RZ
Aghcka 2404 o|n] QlFsigic) IP TOS WEs
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7H# B]E+x= ECT(ECN Capable Transport) B]E
olx, 8¥A| H|Ex 9)o4 A=3 CE v|Eo|ch
Y| ECN Z2EEFS| 75L& EE IP 219E el
A 29ske Aol o= s =H$E]7} ECN2
7158 A=A ARXE FABlE vlEZL 28
sjc}. BECT ®|Ex oj#idlt 7158 st vl
$453 $A15eM ECNE| 758 27 |1}
A= ECT B EE AAF Fo H7ls A
gl sAIEL ECT H|EZ} AAe] =X odsteh
ECN 7|5 AMH31A] Rst=2 RED dugEs
ARg3le] HjZle wis] H7|E Sutel sick

o 2 ofy

2. ECNE X|¥stk= MPLS

el Adwdgt TP gelise] ECNe] 7]%%
MPLSoIA & Fgle] 7F5slchd MPLSel|A] # 2]
LSP(Label Switched Path)y& 7] 3t = shle]
HExpdelqr Al&EE ARol B 5 9lE Aot

&1x]gk MPLSol|4] ECN& #|9s}7] ¢slade Al
7245k Algl 847} 3ich Shim headerS AMg3h=
MPLS =<4l ZA$ole EXP = 2 § ®lEE
ECNel| )ity DiffServE ¢]§ EXP F=i= 2
HEZ Fol57) ol o x4 7153¥ PHBE
N2 FolSe] Hrk

B =Eerde olEldt EAE siAs] $3ted
A2E e g E-LSP +325 AMSsl] MPLS
o)A DiffServe] 7153t »E PHBS} §17 ECNS-
2| D% ssictk

V. DiffServE A{sl= MPLS

1. DiffServE X|¥sk= MPLS +=

Agella] AFIE wlel o] AR e|ullel|A
F 7F M| 2aFds 2A5)7] $siis MPLS %
oA DiffServE® A|Ysl=  7)=(DiffServ  over
MPLS)e] w9 FR3ich o]E $ldlale MPLSY
7}7+e] LSRe] DiffServe] DSCP zh& alalaje} 3}
£d], DSCP Z=i= 1P 3]s E<lgloer= PHB
o g AR E LSRo| AF F=3A Eck 17
Z 2 MPLSo|4 DiffServe Atz x|¢dsl7] 230
Ae LSRe] #Hle A$¥ o FxsHe shim
headereil PHBe|| #3 w7} glejo} ) &1x|qh,
MPLS2] shim header AdA] w=2Alell DiffServe)
PHB+ IP9] $44¢] Hzo| s#wsk= Class
Selector PHB®] &EwkeE AlF3ln glgloens,

EXP Mz MPLSY s Alo)=E #Hislspr]
HlslA 3wjEZ A oledt Al wil
02 qlsk] ael] DiffServelld] AM87153lt PHB
o] Rt Al Zo1el wel enwlEL] on] gle
ABE w7 gl= DSCP =9 34 MPLSH A
43P7] 3l 3ul=e) EXP Brzof v oA
A7 )= EA7} EAR)

DiffServ/MPLS Domain
DS domain ek g liggt§ o wimn O 0N

Ingress Interior egress
node node node

1% 7. DiffServE A4sk= MPLS9] F+%

7 7L DiffServE A ¥sl= MPLSS] 73]
t}. gulrez  MPLSeA] DiffServE 2| ¥sh=
7148 QoS ZAAL DiffServ F-ol| 2g o]Foix|
2, A7 AH2 MPLSol 2sfx] o]Foxlch4].

PHB
Dec!i‘sinn rC
psc || Deckn Label Tatel Scheduling &
Mepping Bufter management
LI Y 1
o5l | PSCFEC | ' L T o N

| 1]

Packst - - T

) Lahet ‘ Output_L
Input —v{classmymg(PSC, FEC) H Swapaing * por2

utpst
e S

1% 8. DiffServg A|{13H= MPLS2} Hx+

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

I 8 utxgl MPLSE X3l DiffServe]
Z2kg Jehl  Zlo|ch DiffServe  gJubdoem
DSCPE zzx3le] PHBE A =,
DiffServE A]¢3H= MPLSW-E wjzlo] MPLS%C
2 Z3)% o] ©l=g} PHBe| I3k AHE shim
headerol| = f-A|A|A Folof gk o] ol 7
HA H43 4= gl wWhe] E-LSP[13] otk

E-LSP+= MPLS shim header8] EXP I xzoj
DSCP AR E vlsslo] DiffServe] PHB ARE &
A5z Aolct olelgl E-LSPE o]43PA DiffServ
we] mE PHBE 3hte] MPLS LSP(Label
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Switched Path)# &3 7158hcl= A&e] glch
Xk, EXP H|EE 4 3W|ES] 3vi2 4A
sHglermg E-LSP whie M 2 879
PHBT #|¢l sFssle s &xel DiffServ IFolA]
AHofeha gli= 7]l PHB 7ie A|G¥
dri=  wde] gtk (DiffServel] x% BE(1) +
AF(12) + EF(l) ¢ PHB% stz 7ldsis
14702) PHB7} 2 £3ch)
w3}, E-LSP #Ml-& shim header® A% 5 §
= ATM, =39] agoj(frame relay)vlolAj= %8
o] E7}s3lt.

3. L-L.SP(Label-Onty-inferred-PSC
LSPs)

R1 R2 A3
(a) E-LSP

AF1y packets L-LSP for AFly
1 szs / szre
R R i N fs

Default packets L-LSP tor defauit
(b) L-LSP

1Y 9. E-LSP9} L-LSP9} F=}

L-LSPY= E-LSPe¢l= whe] 7|Exog EXP I&

o] ‘9}7‘“3419], AFS] &  Feiso] sk
OA(Ordered Aggregate) 2} FEC(Forward

Equivalen-ce Class)2] o] cis} slfe] LSPE uf
ek updolel. a8l 94= E-LSP2} L-LSPe F3}
+ vt} gk Aeoloh

L-LSPE A}M83Pd EXP d=e] ke 3hzsiz
23 87} olike) PHBE x¥& 4 9, o] A%
of EXP =9 e A #Ay] Aesl A==
AgE 4% 9ok w3k L-LSPi= E-LSPE 448
4= ¢l shim headerd ARE-3}#A] ¢t ATMolL}
zH]l dol(frame relay) WolAE HE }bsE
Whalolt), #fxjul, L-LSPE ARSEE Sl OATD
shie] LSPE gslo} sl do]lE K o)
2o fAsh] feiA wlmele] Fziel Wel He
sl @gdel 2lck

ol MPLSS Ailshz gheelel 4%9) 1 &
838 249l #Ho #Y LSP(Maximum number of

oty
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LSy} 7ol AAAQ) fghe Frk dwiHoE

MPLS & A3tz 22519 N P(Netwotk
Processor) R AA AT 4 9lE g o

ol 30€ AAm 27, of AR ] 139
FIB(Forwarding Information Base)?} MPLS2]
LFIB(Label Forwarding Information Base) W&
B i glefel dlmE o) W 49 LSPE
23817} $leiAdE L-LSPE AMg3lA] 9 upio]
ulRr ek

4. A E-LSP(Extended E-LSP)

4.1 oM™l DiffServE X|&sk= MPLS

o) =2

oubgd o MPLS hellA| DiffServ:;L 215
A dsli= 71 olabHAl mdlE E 29 e Q7
225 713t

X 2. o4 DiffServE A= MPLS 292 27

(a) DiffServ®] DSCPol4] E3/ 1% & =&
el ZY 226 bitss 64 PHBs)E |43
o gk

(b) 3h}e] LSPE R.E DiffServe] A{u]A
ZFNE B298 F glofok gt

(c) 2A1%2] deislelze] A B2 71
o} gir}

2} IETFS MPLS WG4 Alekala g}
E-LSP2} L-LSP &= ofW] u¥lilx ¥ 29| nE
274 wEsA] Yshan gl E-LSPe] *r°ﬂ
= ¥ 29 @a@}e)3S 9iwrEla, L-LSPe) #
o= ()L slukgicl. ZelmE | IETF2
Zotell A= EB-LSP2} L-LSP2] £3-& a4
DiffServE& #{15l= MPLSZ& AAEE #
a3k el

s, o]l E wbH-e TRl E4 A
upbo] ojdd Hwlk
#2aerl By g FAEE AV sk of
218k EARE sidsr] sl B =il
MPLS®Fe} 4] &} be] LPSE 7}=]a DiffServe]
oA EAY F e Ml FHLE &
qaA Qs Sste] B E-LSP F2E A
okghet.

dr
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=#/MPLSAIA 2538 Mul2d A87] 9% E-LSPY 3%

o 29bits - ) R 773bits R -
L we e s m
(a) 2= 1: D=2 MPLS &ild
17b|ts

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

¥ 102 B =ela] Aljbsks #3F E-LSP -
Zolr}. Ak E-LSP 7Fxe] 7|24ql e 7i&
2] E-LSP7} EXP #zxrhg zbzslo] DiffServe]
ZAZ v o s <ls] DSCP Heg} EXP J-
o}e] sfjFo] A7l e Bebsle Aok

34} E-LSP %= 7]%&9] MPLS shim header$}
o] 3L flEl Al 7] EF ReE v 9l
oh m=1d 7|Ee] MPLSeRe] 3abdE flsle] &A1
ke Bold, RE2+ 7138 MPLS #Heold odods:
2ilslol EXP Fod 60| ER §A1slol, DiffServe)
DSCP ghe- sl EXP Hro] oz whgsled,
PHBS] s} ¢lo] RE DiffServe] Aplx Ze|As
2|8l 25 7Rz ok w=2: 35} E-LSPE
A|HEH= MPLS 2}$E]e] slalzdel weolrl

a8 10-(c)9] 2=38 wm29] vkl B} A¥
Ve 71 Beolrh BRE 3ofAs #eld
ISH|ER F4sted RE29] RE 7158 28
A ool 2mEE v} 2 $E2 ALSE

o 2
© |

4 i

20
£

(1) MPLSo||4] ECN-& #|8)s}7] 13 nie
(2) MPLSE x|gdsl= 241 2}9€] Fxef4] U®
Aol 2E Au g dsF7] 23 H|E

ECNE Afsh] 913 0] 4= A4sd |
MPLS ~fellx{ ECN9| A R.E Add 5 =g 3}
e} we=3-8 Esa] ko & MPLSel4 3 ECN
4=% AYY ¢ UAES 39 MPLS S
£3}+ A|eje] 7143 A constraint-based routing
of ECN2 AHuAZFo| 7lseiAd shdr) mxz39
MEE wd S RAFE ehSeldld el
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