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Abstract

More and more devices have more than one network interface, such
as GPRS and WLAN. Because. usérs imay move at anytime, the handoff
will often happen. But TCP/AP configctions will be disconnected when the
handoff happen. Besides, network interfaces- have different features, so
we need the setting of priority. - SCTP, could reduce the problem of
disconnection. But when the ‘signal strength becomes weak, it will result
in a slow response time. In addition, SCTP does not support the setting of
priority. To solve this problem, the thesis proposes a new design for
SCTP.

Based on the multi-homing feature of SCTP, our design has three
features: (1) By detecting the signal strength, do handoff when the main
connection becomes bad. (2) When the main connection is unstable, use
simulcast to reduce the response time. (3) When the higher priority
connection becomes good, promote to the main connection. By the
experiment results, our design could efficiently reduce performance of
SCTP. The technology could support the application without connection

severance and fast response time, such as network games.
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&
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i
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o PIRBrE H A (v k4L i FreeBSD 4.9-RELEASE %
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B4 FHRPFFL3 A& Bh40T £

RSSI 217216215 214|211 ]210]204 202|201 199
Bixite k|4 [3 |2 |2 |2 [2 |4 |6 |2 |6
#a3te8,k|o o o |J]o o [o Jo Jo o |o
198197]196]195]194]193]192]191]190] 189
8 |8 |2 |2 |14 |20 |24 |10 |13 |16
1 (1 |1 [2 |1 [5 |8 [3 |6 [3

23
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A 31 A B 0 & GPRS (kB T 0 TR §iE
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¢k R FREFER LSS5 BERAcT R
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GPRS ! !
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B] 4-3 Case A>C—A » 2855 & ~ GPRS % i % 1 8

T 5 Case A»C—A e Bk % o Rifp ) B3 Tl
T = -] > & L Subcase C—S ~ 200bytes > Subcase C—S ~
100bytes » Subcase S—C ~ 200bytes > Subcase S—C ~ 100bytes
w fb 5 B 4-4 5 F %P 80 WLAN 55 & &8 GPRS 7 i
B o
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170 R ettt [——Rss]]

150
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(ms) Response Time

26000

24000
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20000
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16000 -
14000

——Ori_WLAN
—&— Ori_GPRS

12000
10000
8000 F
6000 |
4000

—— Mod

Handoff to GPRS

2000
0

180000 270000 (ms)

90000

Packet

@] 4-5 Subcase A>C—A ~ C—S ~ 200bytes 7 &% % %

Original SCTP Modified SCTP

Duplicates

0 50

Amount of GPRS data | 51136 _bytes 36992 bytes

Cost of GPRS 11.99 ~ 8.67 ~
(0.03 =~ /128 bytes)

# 4-1 Subcase A=>C--A~-C—S »200bytes cost +*

Bt AR SR R DR AR H iR R AR B
oeELA T AR R B E fhd & o Gidh B4 6 B
FI 3| ack epFERE 5 )I‘nu\ R R E BERF
Td 8y R AN SCTP g% e ik 7§ BFL & ep
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k.
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B K ARF F PR AR
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Bl 4-6 Bcdp Bl F BFFAR KA D R 7

4oBl 4-6 0 B3R 26 T 27 W)dF Eo 55 B R A apFiE o A
P- - P E BEREDFE 5T B4 703 S
J& delayed ack -
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26 1 gt P LR R R A G A ridt e AR A e T
ack #7121 F ¥ 5 WLANRTT -

27 P EAER R R AL it g4 34 (52 7# RTO 2
L#)) -

281 i s 0 FMBE 2T ehdt e F A gL o g
iTEBed vy ¥ RTO g3k =3 F) > @ SCTP e
THER T - IR 4 fT%L—E‘LGPRS v A b FHEE
(bundle) sl jir > #71u Rrendte 280 € W F £ B eh
27 » — 42 GPRS # 13 » 2R{scF] ack » #7170 %
27 RFo s ek BERF <~ 95 144 GPRSRTT-
M ¥ 28 Ko @ oehE @-E‘#F&“)I&KGPRS RTT -

291 F13 p B2 HEGPRS - 41 i g4t s R A6
i WLAN e fRehs Je @il ¢ 3 2% -

30 F15 RTO 22 4)  “tali prif iz § timeout 3 2 » 3
§ L@ ATenife 30 A BE R -

31 : g P timeout 3% # > ¢ {7 E B hd T B 29 -
30~31 #5842 k> — 4= % GPRS i 11> R {8 4 3] ack»

T 22923031 6hF PR 0 3§ ho] 4-6 - K -

YA > BRI Kendte FAF L 0 A ¢ HEHET
GPRS -

B Subcase C—S ~ 100bytes

34



@s) Respnse Time

26000

24000

e adl

22000
20000
18000
16000

14000
12000

Acked after first R

retransmission, Handoff to GPRS —— Ori_WLAN

reset counter t\ \ 7 —— Ori_GPRS
—— Mod

10000

8000

6000
4000
2000 |

() aoreocons

Handoff to GPRS

90000 180000 270000 (ms)
Packet

i

4-7 Subcase A—>C—A ~ C—S ~ 100bytes F & & %

Original SCTP Modified SCTP

Duplicates

2 36

Amount of GPRS data | 31512 bytes 24404 bytes

Cost of GPRS 7.39 =~ 5.72 =~
(0.03 = /128 bytes)

%

4-2 Subcase A->C-5A~€—S » 100bytes cost +* &

4 @47 T B E%2 200bytes i % £ F 0 A iEF] A
S 4 £ 100bytes » 12 GPRS e RTT 4 48 fo— )
L4 ¥ e Bl 47 o ¢ BEEF 0 R A SCTP Al
g3 enpEiy > KB T wdte @A R ik > 2 AT
BE B Ry - NPT B2 8T - RESNFTHRG ack ¥
ko AU E Bendep £ATE 0 x FlA § BFobuffer a2y ¥
A et o 4t RTO 2 € 4735 > 00 T % et
AR AN E 24816324 >~ RTO g2 RTT
PR ENEE R BB - B cost 84 v drk 425
AP gt RF|E - Bcasefple o

ﬁéﬁi

Subcase S—C ~ 200bytes
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m)Respnse Time

26000

24000
22000 [
20000 [
18000
16000

—— Ori_WLAN

14000

—&— Ori_GPRS

12000
10000
8000 -

/rww

—— Mod

6000

4000

2000
0

0

Handoff to GPRS

| Handoff to GPRS

90000
Packet

180000

Handoff to WLAN

270000 ms)

®] 4-8 Subcase A—>C—A ~ S—C ~ 200bytes F % 2 %

Original SCTP

Modified SCTP

Duplicates

43

67

Amount of GPRS data

62660, bytes

48022 bytes

Cost of GPRS
(0.03 =~ /128 bytes)

14.69 ~

11.26 ~

# 4-3 Subcase A>C-A~-S—C » 200bytes cost }* i

d B 487 50 SoCen k8 CoS s 47 5
0l I # server EAEST AR e E § 0 RE T 115G
heartbeat & server T FF 27 client ;¥ 5% #afe # 5 cost 284 >

drd 4-3 5 A pE e E RARF L RMA G

B Subcase S—C ~ 100bytes
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@) Respnse Time
26000
24000 F
22000 F
20000 F
18000 R — 1
iggg | is also loss _’_OTFWLAN
12000 F —&— Ori_GPRS
10000 |- . —+— Mod
o \ RS
4000 Handoff to GPRS R x \ |Ha_ndoff to GPRS Handoff to WLAN
2000 f
0
0 90000 180000 270000 (s
Packet
@] 4-9 Subcase A—>C—A ~ S—C ~ 100bytes F % & %
Original SCTP Modified SCTP
Duplicates 34 72
Amount of GPRS data | 39532 bytes 42588 bytes
Cost of GPRS 9.27 ~ 9.98 ~
(0.03 =~ /128 bytes)

# 4-4 Subcase A=>C--A -~ S—C » 100bytes cost +* fiz

B & 21 Case C—S -~ 100bytes 145 % < 5 4p Fe 5 4B 4-9
o d BElGHET > € F MRS R EFL 5 - & B
g > B4 GPRS 7 f£ % > #7005 35 4 FoRE 4 > o d
¥ - X eheE @ kAT A 5B case eHicost Mk o drdk 4-4 >
A xR A T L AT B case R B P
WLAN # 5 # J£ 2> 4oB 4-9 0 — B4 > 5 B 180
Fiffig - 3ip BawenE B2 >l g~ TR aR A
€ % GPRS % (i@ gy » F]t 3 e07 & cost £ @ i o

€ Case?2

WLAN £33 fi fi 545 7] % 75 >
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B s P 1%4F 0 4B 4-10 0 P A {3 apF i R ) GPRS %7
e s AP REE DI § WLAN R s 5 T &g it
PF o A et % £ F VU {%4F 0 ¥ & GPRS #78eniiR 0 F

L REEAP Y G RE A 5 DB AR kP o
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B 4-10 % n4%2 A—>B—>C—-B—A

Bl 4-11 23505 R:EFGPRS ek i F 1V Bl » A ¢ L & A
BEY955H REBLAFIBE SFBERFISH &
FABERBRTHSSH EBBICR BT Y55 2
B BERTHSSH R BT AR b ABET 60 £
A # ip-firewall % 3§ G GPRS #4t ¢ » fickk GPRS %740 -
25(F] 5 GPRS i E eni Bl R e 9710 54 gk % g
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— : 1 minute

Since the range of GPRS is ubiquitous, we use
ip-firewall to simulate GPRS is down.

Fﬁ;] 4-11 Case A>B—C—B—A > ’\:HL %fu%{ﬁ):’{ N GPRS;P: ,EJ-:\ 3% fL }—ﬁ:]

T 4 Case AB—C—B—A 7P % %% » Rz B F
g < ] » & % Subcase C—S ~ 200bytes > Subcase

C—S ~ 100bytes * Subcase S—C ~ 200bytes > Subcase S—C »
100bytes = 48 ; [ 4412 5 7 % P % &0 WLAN 3U5L58 & &

GPRS j fi ) -

230
210
190

———

170 ha - ——RSSI
150 : ‘
0 600 1200 1800 2400 3000 3600 200 (.15
B) 4-12 Case A>B—C—B—A L% 3 A& 22 GPRS 1 i B]
B  Subcase C—S ~ 200bytes
o) Response Time
26000 \
24000
2000 \w
20000 | 4
18000
con | B e S
14000 \ / / '\ —a— Ori_GPRS
12000 -
I/ ] N
8000
6000 [ i \ Handoff to WLAN |
4000 Handoff to GPRS Handoff to WLAN h
2000
0
0 60000 120000 180000 240000 300000 360000 420000 (ms)
Packet




B 4-13 Subcase A>B—C—B—A ~ C—S ~ 200bytes F & 2 %

Original SCTP Modified SCTP
Duplicates 27 248
Amount of GPRS data | 59552 bytes 70112 bytes
Cost of GPRS 13.96 ~ 16.43 =~
(0.03 =~ /128 bytes)

% 4-5 Subcase A>B—C—B—A ~ C—S ~ 200bytes cost " i

i B case % o (P BT AP iR 4 B s
PR BIUELR R R R R 0 FIL LG e d A iAo
SRR LR SR R R P A e & e
fRp-ig ek BPFER > A0 * § — Bhencost(X) 2.5 ©) 0 4

% 4-55 kP4t a @A g S pF o { BhE BER; V0L
Bts o A gt GPRS ¥4t et im0 ¥R K eh SCTP %k

#oo F15 o PRAR @RS L GPRS > #r1 £ SET
gt e B4 (S0 hg gk v WLAN » @ $ 28 PR3t en
Bk FlL gk RSP WLAN 5 o 90 i GPRS
By RS 0 3 E R RER o

Subcase C—S ~ 100bytes
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m) Response Time
26000 ‘
24000 [ &
22000 X
20000 ;
18000 Acked after
16000 retransmission, g i '
14000 reset counter Handoff to GPRS —— Ori_WLAN
12000 —\ / X —a— Ori_GPRS
10000 \ .\ —— Mod

8000

6000 ’k‘ 2 Handoff to WLAN

000 ‘1 0y | - i A

0 ........................................................................ UL
0 60000 120000 180000 acke%élOOOO 360000 420000 (ms)

] 4-14 Subcase A>B—C—B—A ~ C—S ~ 100bytes F & 2 %

Original SCTP Modified SCTP
Duplicates 36 231
Amount of GPRS data | 39084 byfes 50448 bytes
Cost of GPRS 9.16 11.82 ~

(0.03 =~ /128 bytes)

# 4-6 Subcase A>B—=C--B—A>.C—-S ~ 100bytes cost " i

iz B case e % * k¥ 200bytes 4p fF > 7 16 iz ¢ B E]
g 5 o d A% Z S @5 % WLAN &
1 ack ® ko U E Bengep EATE 0 < FG g
buffer # 5 2§ FALE @ > #1124 RTO ehigs £33 5 1
Fyooorrad € MRS B T E B % S cost IR A 0 drdk

4-6 » NP en X
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41

€#mB > R FIE B case — oo




@) Respnse Time
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18000

16000
14000
12000
10000

8000

Handoff to GPRS

—— Ori_WLAN
—&— Ori_GPRS
—=—Mod

Handoff to WLAN |
1o WLAN |

6000
4000
2000

0

60000

0 120000

180000
Packet
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] 4-15 Subcase A>B—C—B—A ~ S—C ~ 200bytes 7 % & %

Original SCTP Modified SCTP
Duplicates 75 271
Amount of GPRS data | 70184 byfes 85072 bytes
Cost of GPRS 16.45 ~ 19.94 ~

(0.03 =~ /128 bytes)

% 4-7 Subcase A>B—=C--5B—A~>.S—-C ~ 200bytes cost +* &

T 1B case N % 2w X RAP R A e

2 response

time ¥ 11t g K ehsctp 4% % 5 cost ¥R A 0 Aok 4-7 0 A
P E ey RALRE P 2 d AR R

WLAN ek fe 2 5 7 82> #7124 4c R 4-15 > 280 ~ 370 F)
LEOoARG B @A g E Bk A R
* GPRS ﬁifé-i@ﬁ%] » Fpt = F 1t case A-B—-C—B—A -~
C—S ~ 200bytes B 5 — & o
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@ms) Response Time
26000
24000
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20000
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—a— PR
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10000 | ’ Handoff to GPRS °
8000
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@] 4-16 Subcase A>B—C—B—A ~ S—C ~ 100bytes 7 % % %

Original SCTP Modified SCTP
Duplicates 70 328
Amount of GPRS data | 45216 byftes 67056 bytes
Cost of GPRS 10.60 ~ 15.72 ~
(0.03 =~ /128 bytes)

# 4-8 Subcase A>B—=C--5B—A~>.S—-C - 100bytes cost +* &

&1 case tiE % o & WLAN 558 B % % ehpF i3 (60~
120 ~ 180~240) » # '/“FT IFE R AT *KJE';’FIEJ ER YRR
N lz')rﬁﬁg"? | T BBl > dod 4-8 0 * § — I chcost
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o854 WLAN#2 44 po T - ajefier £
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¢ Case3
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ms) Response Time
3<500)O P
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25000 1
20000 1 —— O
-
15000 F |First retransmission Mod
acked, reset counter
10000 T
5000 \
( sSstsisnen - P
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Packet
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€ Case A—>C—A ~ C— S ~ 200bytes

™) Response Time
26000

24000
22000
20000
18000
16000
14000 —— multi-path

12000 —&— Mod
10000
8000
6000
4000 |
2000

0

0 90000
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B 4-20 Case A>C—A ~ 27 T X3B T & | iz B %R
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Duplicates 290 50
Amount of GPRS data | 95128 bytes 36992 bytes
Cost of GPRS 2230 % 8.67 ~

(0.03 = /128 bytes)

# 4-9 Case A>C—A ~ &7 T3 3 @ | cost +* i

4o 4-20 0 A v U TAGR T @ gz E R AT
- feerck > v Ed 2497 g T ART @G A F i
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(0.03 =~ /128 bytes)
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