GPRS™oll A] GGSN IP Buffer #a|7|¥He A&
AR

A" mhr e

Al
ax

ojFeT 253’

‘nyvE WA
Taodete dx 2 4y B
TeE AAEN 47

{fireout ,makm}@tigerking. korea.ac kr

yikim@amadeus.etri.re kr {hwlee chcho}@tiger korea.ac.kr

Performance Analysis of GGSN IP Buffer Management
Strategies in A GPRS Network

Sun-Chun Park® Kyung-Min Ma™

Young-Jin Kim™"

Hyeong-Woo Lee™ Choong-Ho Cho’

"Dept. of Computer Science, Korea University
“Dept. of Electronics and Information Engineering, Korea University

"ETRI

8 <
Qe ZdAQ Frhe dd FH Mul2d did ALAA 52 Frto met §Fo] A3, dlolE
A% £zt mao, %F—l“l g A4dY F Y FA ’4“]’“7} gasd HAd. ¥E714 A3
ol F B AN AN g A NY& AFBs= GPRS networHl*i GGSNe} Qe R =Efy S iﬂ}’ﬂ
o2 HAW F A& Wt} °4:?'51°1ﬂ°k @b, GESNE 7] &9 e AF s=dojFoz TEHE A
o] o] #A o)X gt GTP(GPRS Tunneling Protocol 7} #7t5u g Zu 24§ Y9 gateway?t 2719
He AZEojHoz FYS FRolth, o7 GGSNY AT 2FE HA{AII AT A3 =9
H Aegghd oid A3t s € =8 G6SNY o-& HIAPAA Y= 4 Eg2y =9
Y 2dg YHdEn EFYe] i@ S Hn Felo did AR,

1. A&

AAAR 9 #H F4 dHolE Mulag 2 £x7t WMEx
%o, ZAAG Wi A dM2e EHE Ho| U}
=g "dEotoe] F4lde % YA gk A2 5AF
B A3 =g 442 Ao AHsd wide] A U
EL 2 7Rz A Fridel ode A A EGY 7t
A#7t A e ¥)EE ZF4E gosixn Qdn, ojd g
JQei ERR L Fazog Aojdr] Al A& 4% 84

ol 8753 At}

3 AU WCOMA 21 7] 240 TDMA 7)< GM
vigog Hojlen, FM qEdHel2g F&H HeyH
IP(Internet Protocol) IHZI% Aol Bur]  HaEllA,
GPRS{(General Packet Radio Service) Wo] Alg¥ct F FA
AeiFol29 NS AAsF = G2 GPRS-MIP Po] g
atch. GPRS FolAe 95 gul AolEdo] d¥E HPdhs
GGSN(Gateway GPRS Support Node) & F&tol <e|ulztel A
£ o B3 gyg zte= GGSN% 271 A & *HE
doiFoz FEF o] AAolct, ol GeSN HFd FS
A5t Aj7]7] A% HR Edg M) gl g A7t B
238} [1,2,3]

GGSN ol 5}5] 7 EfR o mdg A Y, ol &
&Aog Helar] He IP 2 GIP(GPRS Tunneling Protocol)
Ao o] ww =7 %411'} EQY Z¥28 QS H=
Service Priority, Throughput, Reliability, Delay & 1@
e 9o olFA Aoyt WeAHod JHY EIYHe
voice, video, WWW, Email 4 72 g & ded lFoA4
A2 Aldelay) ol R17+3 = ehH(Voice, Video) 7 At 2|
of RZatA] ok EWH(WWW, Email) 0.8 o] A &
[6,7,9] o] =&oAME A Ado AR X EY
A3 vy el Ao WalM A7EQAct.

w9 AL 274olA GPRS/UMTS ol wiafiA i u 3%
A E A Zgollr] Al G EoR = Ege) Tdg dHyam,
4= QSE A 2AFH ‘21"4"’% ate] dopr
5ol 340 Eaiy wdn 439 NYEE o] &F A B
#lo] ol ‘?13;’4 AE g, oix|ebgelr = oo did AEo
2 2% deo.

L

Ly

[l

F!

l'l

A

Jl'

¥ =
T

2. GPRS/UMTS

GPRS/IMTS & H&3<l
Az E Agste o
48 HHzgsln, &
a7t fA€

z

=,

20},

334

o AL EHE g HEE oW, GNS #Fv-He 7%
2 7HAx gev A FE R ws) dZdo.

2.1 GPRS/WNTSZ 2 & F£[1,2]

1Y 2-2%& GPRS/UMIS 9} A8l @Aol ZrER FZE
HoFD qu -"r“éﬁ- BE PP AE oAIX o a4 GSNs
=3 g4 =gAgsﬂ = GTP 9} UDP/IP, L2 & AINE FAEHE
Ag 2%
Ty Felay
‘ % 1P/OSPY
. PP
2—: POCP ooP| GTRU GIPU [GTRU GTP-U
* | o L | —
oK
— 12
S | _fe % R %
el e s S S
@ [T |0 AL AW ] [ AT
R w Yo " osssesv O asaom O

2% 2-1 UMTS User Plane for PDP Type IP/OSP/PPP

3. Traffic 24[7]
AF72 2o Ay =

¥ 2dyg 9T dFold. ?‘;'? F2 wEgoa ¢
Eaﬂi‘b} g oln oHERE HAdoly ENL v
8 gt AU Poisson Process 2 Markov Modulated
Poisson Process(MMPP) & Poisson Z@2] B ZAJAL Hol
i ek #HE AT oty oleg PossnonE’_"v—lol £ EA] E{]
olg] Evfdel B Jtx] FAg SAL tnsle A4 U=
dl, ol& o] exponential distribution 9] memoryless 57
& UEelA] 9= heavy-tail distribution & aggregated 9
Eefg 9 self -similar behavior & o]Eo|dich Self -
similaritys #3 dloje] EHH 9 arrival pattern & o4
7bsstA s, @ AYUS Suta A Fud £ UxEF s
e Fog mdog o) gEc)

Ey

olg

FE WG =9

3.1 Email Traffic Model
2% 3-14% E -mail session ©]
traffic patterng WA zgich.

dojub= F < ON/OFF



2000 =

W= W33 7S GEEET

\=

A Vol. 27. No. 2

o

[on] fon] off [on] oFf

IFinish message download
User begins reading message

OFF

>

Begin message download

% 3-1 Email: ON/OFF Traffic model
ON period® ®lAIA]7} e = == AL Yebia, OFF
periode 709 ‘i"if."—“\‘?l AR 9} Alzt  F Alolo] zhH
€ Yetdoh. & OFF period & 2837 diNRIE 9=
reading timeS 7}?4{“4.
x, 9 probability distribution function& g3 @t}
x,= E-mail message size (byte)
-k a
e € % :
P17 Fla)s03
1-e™¢ "% if F(x,)>05
xo = ((~e*1)xlog(1-U )T/ e0)
k1 =1836 ¢;=204
ky =3.33 c3 =037 U =uniformdistrbutiom (0 ~1)
OFF peri od< heavy -tailed H#¥e2}n 7135l dutzdog

Pareto (DF & A} & @t} te= OFF time (sec)

a
k ¢ k,
r t =1 - £ [
e( e) ( te ) € (l—u}l/a')

ke=30 off period minimum time, a.~1.5

3.2 WKW Traffic Model

AR TRL 848 AL o, WEW server &= AF&xlolA &
48 #AA7|E= client program & A Al7]3, URLS #4A
g2 RE 8ol A8 o, AISAE OdE 8HE AFEy)
Aol FBE e Alzto] Had Aolr}, weld W EHY
£ active ®} inactive periods & FA3td = a8 Jch Wy

E#Y 9] arrival patternd 1¥3-29 zt}.

Active period inactive period—‘

User Click User Click

Service Complete
1Y 3-2 WWW Traffic model

Active ON(active period) 2 AF8§abo] 2 FAzHEE Ajnjx
7 BEHE AL DEH, 7 FYE9 ALAGTH Tl
BdE F£AE o F& A active OFF time 28 74
€rh. Inactive OFF (Inactive period) & AM&xi7} £418 &
BE & AE ged,

ON time oA 2] 3} = 71+& Pareto distribution C(OF & m&
o oxw= WWW 7Y A 7)(byte)

aw

Fp(xy,)=1-1 - ky=2739.67(byte) ,ay=1.2

w

Active OFF& Weibull distribution CDFE w&u}.

I3
’w

a

Fy(tw)=1-c¢

a=0.382, b=1.46

. Inactive OFF <= Pareto distribution COFE W&t}
t y=Ilnactive off time

k 1

tv=active off time o]t}

'
a

r K v= 1(sec),a y= 1.5

w(t'w)“l"( "w

Active onolA] of f2 7h&=vo olmf off 9 o‘rr7}‘ F 7 olm
2 Ab8A click Al Hoja A del sMFE Faof service

335

complete Al ¥& 78 4 Ao
a4y

ks
x5

ky =1 minimum file number ar=2.43

Ff(Xf)=1—

=

4. 2AEY agF
AR xAZYold R TErd masie Ag

& dnel Auz 248 ARsE FHol

=
4.1 FCFS(First Come First Serve)[10]

7t HHACE A}REHE FCFS WS Tadedda Jn)
g % oo AUt =& A2 YR dEEch,
o] WHe Vb @i wyiez giie U4 g9HE
FIFO 2A1&% B¥E$ AHEd. aelud FCFS wye 2z 4}
22 flow 9 %@"3% FA3A R FHAP S 2R
2@t =, FOFS & AAE F22 ol BUl& flov oA %
9L 8 g9l "*‘*‘4*‘5 @Gdg s n 31‘4 131“’3
2AEY S o] 83t9 QoS
nPFAM flow 2t FAHE Qlolln E
W9 F8F FAol. FEAYL B
Z} flow 7} ©F& flow oA HsHE ‘T‘Z
flow oAl 3G Mnj28 w@ I},
A8 AgEHE FAEL o2y o,
4.2 GPS(Generalized Processor Sharing) -WFQ(Weighted Fair
Queuing)(8,10]

Z ZE(flowmic} e vl R gIZg g9 g §
EE g Woz 2 389 g Mujart £335 Fe o
A2 olFojd § Uvks A se] A ek, 2%
FogH FHele] AFoME EFE HAEL By & 5 ¢
£ oldAHA 2AEY Lot aEy AAE RE AL L
A '&%’Ji 33, el AHE BE 328 FAld Muja

F U7l wEol o] WAL HAANA THo| BEr}ssit).
GPSE 743 T3 2A%3 Yo 48 Efy 9
Fo] HHEFHA ATY HSo s 2FHL U@},
GPS7t 7 FHalA AL Helsto PSE ol gdojEst
© B2 2AEY Wo) AMUH Uded Y gEHI o
H o2 WFQ(Weighted Fair Queuing) o]l ich.
A E Hdgol d He,
7)ol HEEE= thg Myl FH2 Alojo}E fairness 9

< 7194

W
i gLy

i

=2
=

nﬁ"—'

131

GolAl AgAlzko) & o] ge

resource @Fo] ojFolzol Pr}. olo] AAHEZE Tpg
Ald]2 algorithm &  Abgsloftt 33, lower -priority

service class queues T £ 2}F o]f 5= service class
queueE o]&3A Hry. oAl THA Mulxeo] AHYa g
3 FYAAE olF7] 84 heavily weighted E o]
lighter weighted E#R R T} 25 Muj& oo} g}

WFQ+= ©]4 A ¢l GPS(General Processor Sharing) behavior
S AR wAgez ol vzl S Fuabte FIRQ
o Ay, €A g AX Foj@ Aol $MHoz Ay
2 sharezt =& B2l wajM, §FQ= F2XRH ol 3
ue) fAG Afstn, T ol o]§std g ol e 2} 9
Zo| i3l virtual finish time 7o) 7}53bc. whaby
74 A& virtual finish time & 7} #3lo) 712k A A
gt

derdoz WFQ  71PoiM e dlolBlE high -bandwidth
sessions ¥ low-bandwidth sessions ¥ 7}<] 9] WFE ¥4

5=, high-bandwidth E@FEcl= low bandwidth E &9
ol Bf §& $HEHE AMojde 9t ¥k 48 =

=
congestive messages threshold & €A Hoagls Aol oAz
9 #& low-bandwidth EeiH & £xHoz ApsA & 5
7F sk

5. A gl

AFEAZE A48 dolBHes d4ay] Hel WA AR @=
¢ o] fazos g Agdy. AL UL 179
HRog FAHG 71 ABE o Ao HYlog L}%om
Aedrh. 2 2928 = e Ao Fof HFHD,

Schedulere] o}s) Hal#l A& IP Process?} A 2} 3dhc},
2 =®oAE FOFS, 709¢ FQol WRQE 1 ashe] AJE ¢ o)
Ag sl



20009 =4

253 78 e E =T34 Vol 27. No. 2

Fragment
packet size
&routing A&

Qos & 1B
Class &
scheguling

www @ — [T}

e-mail O —TI][}
29 51 Gy ¥4 2

Al g o]l 4 et}
0 1P Processing time @ 5.24Mhps
0 P Packet Size : lKbyte

0 Wy d$4x © 384Kbps

0 Email A4 EE :© 384Kbps

0 Simulation Time : 30000 sec

[simulation 1] W¥W &} Email Eg o] zZ}z}2 53 Buffer 2
F3, User & F7FA71HA Buffer Size #HE Dropping
ProbabilityS T3t}

0 WWW User : 160-192 =

0 Email User : 13000-15300 F

0 Buffer Size : 1.0 0 4.5 Mbyte

a4s

o«
035 .
a
= 023
] a
g 0.25
'S
‘g o2 23 &
LRGN o
RS
R =
o 18
COSE~— Jin o (TS
N ey e o
t LK 2 25

Bufter Size (Mayu)

18 5-2 Buffer Sized Dropping Probability (WWW)

03 =
03
028 .
£ o2 “a.
ais -
B T -
il S
01
o
oos} ; —an
5.,
e el ™ -~ o A N
P R g
1 15 2 25 3 35 kd a5

Bufler Size (MEyte)

2% 5-3 Buffer Size'8 Dropping Probability (Email)

W¥¥ =29 o] Email 2t} Droppingol t1& & #HE B4
Res, HH2 F715HHA Droppinge]l FA Fol=t ZB¥E
B ), o]AR olfrE WWW E Aol Bursty @ 44& 7t
2@ 9)7] &l Email Bo} 2 Utilization o)A Dropping
o] YkAl8t 1, Dropping Probability?} 52 € 4+ Ut}

{simulation 2] ¥WW E WYL 90% % Enai | EHYPH L 102 &
@atel AAAA, Buffer el 7iHel wWE Droppling
Probability& T3+t

WWW User : 130-172 9

Email User : 1279-1685 ©

WW¥ Buffer Size : 2Mbyte

Email Buffer Size : 0.SMbyte

Weight 5 @ WWW Weight 5, Emaiil Weight 1

Weight 15 : WWW Weight 15, Email Weight 1

oe

ooooaoo

= ematicte)
Gap |- emantweig

5

e
ort %

o

L ammr AT T ooBs
1% 5-4 Buffer ®2 7)9¥'8 Dropping Probability

Wow AF HQ 2A2Y dneFo] A FCFSY 3
@& Fair Queuing, WFQoIA Weight & 5:1, 15:18 Z= Alg
#ojM o] Aojct,

—“1"”01 WAER] BE FLAME BF dld A3 no)
ek, &R, Aatsigd tﬂi i"-‘r‘:ﬂrﬂm FCFS+= QoS
& BAs] A =Hol e E 7 °’°‘2‘I1, Fair
Queuing o) = Email 2} Dropping ] 14&1 WAE QA =R
g, AddiHoz wiW ol EUH 2 Dropping ©l MY ¥S&
5 AN, WFQ ol X & Weight o] Z=F ol Aaawww E g
Droppingol o] &1, Wi Email & Dropping°l ¥ E ofAl =
&g Holxd, olAF Tl f7t Uste QSE
A8l Weight & AT EZHN F¥3] 24 +
& 2t

6. 48 2 gF d7HH
B AFol|M = GPRS/INTSolA g 9|23t AlojE o] o
8L 3= GESNAIA 9] [P We 24E Fr. )& sy,
R, GPRS/UMTS oA AAREz e Qe ol FRo =g
EZFzo dials 2stdan, 5 WA, GGNol =& He &

Sy
i+
ofr ot
03'._\'_.05._\2111!&

Bey A7 el wds sy, A WA s
292 T4 22 E99 SN =AY dzFd

Dropping & 3Tt

A A GPRS/UMTS Al 227} o] 2| F ZHfol 457t HolM
E QSE &7 EE Aul2o A E’J%’ Al ag 8
Fe &AEY °"’r’47‘°§- WFQE ol83 l'°‘1 Weight & 2AF
Oi’*i QSE BFdA & 4+ A&E B F AN

T3 gdoz, 73“2—351"1%1# g yge b‘l’ﬂiﬂ%’ql*i 494
Aol olz= ooy EgTol oiFt 7 2 @(congestion
control, scheduling, etc) ®ak ofye} flow fH(CAC,
routing, handoff, etc) XM= M £ neg 741017P o]
2030} @ Folty, nzEz meFolor & wFIS
2 ER7), AR 2AFE, estimator R ERA] °L'7Fl]1
(WRED)OM T #F Ao duedF(CAO) T ze =3d =4
AdeiF o]a7t nejgoldof & Rojtt

FuFg

[1] 3G TS 22.060, “ General Packet Radio Service(GPRS);
Service description, Stage 1”7 ,1999.

[2]) 3G TS 23.060, “ General Packet Radio Service(GPRS);
Service description, Stage 2” ,1999

[3] 3G TS 29.060, “ General Packet Radio
Service(GPRS);GPRS Tunnelling Protocol (GTP) across
the Gn and Gp Interface” ,1999

[4] 3G TS 23.107, “ QoS Concept and Architecture” , 1999

[5] RF4A, “ QS AYE A% AN 258Y ¢azF"
Telecommunications Review, Vol. 3, No. 3, 569, 2000
pp.481~491.

[6] Hyekeun Park, Choongho Cho, Hyongwoo Lee, “ Internet
Traffic modeling in the access network” # X 3}9}3]%]
178 3%, 1999

[7] Joseph Ho, Yixin Zhu, and Seshu Madhavapeddy.

“ Throughput and Buffer Analysis for GSM General
Packet Radio Service(GPRS)” WCNC, 1999IEEE. Vol.3
pl427-1431

{8] Parehk, A.K., and R.G.Gallager, “ A Generalized
Processor Sharing Approach to Flow Control in
Integrated Services Networks - The Single Node
Case” , IEEE/ACM Transactions on Networking., June
1993, pp. 344-357

[9] Wonkwang Baik, Hyongwoo LEE, “ A Hybrid CDMA/TDMA
Protocol for Intergrated Voice/Data Transmission”
JCCI, 2000

{10] William Stallings, “ High-speed network
ATM design principles” , Prentice-Hall
325~338

: TCP/IP and
1998, pp.

336



