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Performance Evaluation of TCP Throughput on Wireless Cellular Networks

Oo0oad Ooooao
Masahiro MIYOSHI = Masashi SUGANO
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Masayuki MURATA

We present TCP performance evaluation model for the wireless cellular network, which is

considered data link layer and communication error on the radio link. By using this model, we show

that improving throughput at the data link layer level does not necessarily lead to the TCP

throughput improvement. Therefore, the network parameter is provided after each influence of the

data link/TCP layer is considered, and the TCP throughput can be improved. On the other hand, we

propose FEC slide correct technique, which is changes error correction capability with noise level. By

using this technique, we show the TCP throughput can be improved in every noise level.
Key words [0 Wireless cellular network, TCP, slotted ALOHA, ARQ, FEC
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Fig.1 The model of wireless cellular networks

[DODO00000)
gdddoooooooooooboD
000000 MTO Mobile TerminalO
0000 O BSO Base Station
000000000 MSCO Mobile Switching Centerd
oo oooboboboboooboobo
dddodoooooooobobobobobobooobooon
goo0o00O00000000O00OO0OO0O0OOOoOO

g 7e0

00 IMT-20000 00000000 B:=2Mbps0 0O
00 B-=125kbps 0000 000000000000
000000000000000000000000
0000000000000000
[DOo00]
00000000000000000000000
000000000000000000000000
000000000000000000000000



cooobooooboOooboooobooooooooo
cooboboooboooboooobooooooooo

0000000000000 0Vol.OONo.OO 2001

oobsSe.0oooboooboocoowionooonoim

0200ooogobooboocoocooTepPOCOOOO

cooooOOO0OO0OO0O0oOooooooooooooo

TCPOOOUODOOUODODODUODOOOOODOO
00000ooU0O0ooo0oooooooooooog
oo
[CODO0O00]
ddddoooooooooooooooooon
Jdoooodooooooooooooooooon
dooooooooooooooooboboobooon
oo oooobooobooon
oo oooobooobooon
Joododooooooooobobobboboboooo
gooooooooood
gdddoooooooooooooobooooo
O0ACKOOOOODDODOoODOoOoooosooooono
dddodoooooooobobobobobobooboboon
00000000000 DARQ@ Automatic Repeat
Request[T] FECI Forward Error Correction(lJ O 0O O
00400000000000000
[OO00oOoooOoooooooo]
O000000o0ooU0oooUooooooooo
000000000ooO00o0ooooooooog
000000000ooO0o0oooooooooooo
0000000o00oo0oooU0ooooCcbMAD OO
0000000000000 00o0oO0ooooooo
000000
O000oO0ooooooooooooooTePOO
0000000000000 0oooooooooo
0000o00O000oo0o0o0oooooooooo
O000oO0oooOoooooooooogTCecPOOOO
O00oooOooooooo
dooooobooboooooooooTerPOdn
Joooooooooooooooooooooon
Joooooooooobooboboboboboooog

30TCPOOO
gbobooobbooobboooboboooboboo
TCPOUOOUOOODODODDDOOODOOUOOODODD
gobooboobbooboooboobboon
gooo
31 ODObOOoD
go*=goTcpPU0bO0bO0oOoOoonoonoobnTCrRPO
gbooooooboobobobobooobooogo

ooboooobozoboo0oooocoboooooooon
UoooOgoORTTOTopOOOOOO0OOOOMN 1M

0z2oogoon

g 770

1

S 0

TCP (1)
RTT %ﬂu Tomif 1.3 ?’8@@ 103200
20b /710 bls 20 b2

Wi % U )

3bp

000 S»0000000TCPOOOOOOOOp
000000000b0delayed ACKOOOODODOD
0000D0000000000b=200000RTT
000000000000 700000000000
0000000000010 0000000000
00000000000000000000000
ERTTI00O0O0O0O0O0O0O0O0000E[To]l0000
0000@M100000000000000000
0000000000000000TCPOOOOO
00000000000000 E[RTTI E[To]0 pOl
00000000
311 000000O000000000ERTT]
20000000000000000000000
000000ERTTIO0000000000000
0000
E[RTT]OtT Ot 0T1,0T1,0d.0d, 030
000000000000000000000000
0000000000000T.0t:01.00000
000000000de0000000000000
01.000000000000000d.00000
0000000000mM3mOon
E[RTT]OT Od, 040
000000000000000000000 d.0
000000000000000000000000
00000000E.J0000000000000
000000000000000000000000
00000000000Swew00000000%00
000000000000000000M6mO0



OON>hwOOoOoOoooooooeconooooL
ooooo

ALOHA

S DfemeGD 050

gbooooooboobobobobooooobooogo
gechobooobgnOTCPODOODDODOWOD
oooooooobobobobboonNOOOOomen
gobooboooo
nw
N
gobogpgoboboobooboboobooobobooo
00000000000 00000 Ef:1i00
Saoa0LOOOOOOO

GO gen

Er ,]Oioiwoi1os, O S 070

ALOHA ALOHA

gbobooooooomooooooooooboobo
gobooboobbooobd

E[[l]’.DzwD ioiwoios, O S, ..,.080

ALOHA ALOHA

O0000O0O0O0O0ERTTIOOOOOOODODOO
ooooood.000@MomOuoooooooooo

ERTTI0Y0iniNO10 S, 08,04,

ALOHA ALOHA

gon

312 O0O0OO0OO0OOOOOOOOOETa
oo«eooTCPOOODOOOOOO Tom10tm d
cooooooboooboooo

ToO rtt_oldn 4rtt_var 0 100

00000000000 000D000O0de OO0
O0OrttodOOrtt var0 00000000 QOoOQOOO
000000000000 ETol0M11MOOooo
o0ooOoooo
E[To]o E[RTT]C 4ZOZODE[r1],.u Ef ,J0 0110

313 0000000k

200 00000000000000O00000OA0
Odo0oooooooooooboooooooooo
gdoooooobooooooboooooouooo
gdoodooopPOb0Ob00OoOoOoooooooo
O00000Fg.2000000000000000O
U000o00ddn P0ddooooooooon
000 P00 0000000120000 00000
oooo

0780

Packet loss rate
in BS buff

Packet loss rate
by communication error

> ]

p err p buff

Fig.2 Deriving packet loss rate p

000000000 i1mOooooog E[RTTIO
E[Tol0 POOO0DOMMONIO1IIOO 12000000
gbobgoz20bgobgobgobgobooooooogon
goobgooTePOUODODO SreeJDODODOODO
gogboobobooboobobooboo

gooboddn

gooooooTecpODOOODOOOOL
gobobooobooboboobogN
0o0o00o00oooooogooodad
goboboooboobboobioobibdd Per
goboopoboooboobooDn Peur

32 000OO0OO0OO0OOOO0O

goooobooooboTecpPOOoobobooboDbobDO
0bOob0obooobodns2e0O00O0O0O0

ns20 00 0000000DO00O00000O0O0OO0

csMAOCDOUOUODOOOoDOOoOobooooooo
O00D00DO0O0D0OO0OO0OFRg. 30000000000
obooboooooooobooboboboboooooo
O00Ons200000000D00OO0OO0OOOOOO

Generated Packet Through Packet
Packet loss

P
by Slotted ALOHA >

Lost Packet
(Collision)

Fig. 3 The model of slotted ALOHA packet follow

33 DOboOoboobobooooog
gbobobobooooooboboboboboo
5000000FRg. 4030000000 Fig. 5000
ug
gogbooooboobbooboobboooboo
P00 UO0UOU0O0O0O0O0O0O0O0O0OOOOOO Peer O
gogoobooooobbooobbooob POOOO
TCPOOOOOOOODODODOO

00 pPO@12000000000 Peur 00 Perr
UOO0O0OPerOODODOOODOO Perr O Poutt



O0O0P,O0000O00CO40000000000
CobOo00dpPurOO0 P,AOOOODOOOOOO
COoo00boooo0odb0PwdDO PAOOOODOOO
o* 0 0o0oooogo
ooooooooooTecpPOOOOOOmImOod
cboooooooboooboooooocooooo
Ox200000000000000000 Fig. 40
Fig. 50000000000 O0OOOOO0OOOO0
O0000O00b00O0o00DO T TableaOODODO

4
— —— i
35 analysis
Q L} - - simulation
Q2 3
7
:_,3’ 25
o 2
=
w15
-
o 1
| -
S 05
0

0 0.2 04 0.6

packet loss rate p

Fig.4 TCP throughput comparison (The number of
wireless terminals is 5)

——®—— analysis

- simulation

throughput(kbps)

0 0.2 04 0.6

packet loss rate p
Fig.5 TCP throughput comparison (The number of
wireless terminals is 30)

g 790

0000000000000 0Vol.OONo.OO 2001

Tablel Parameter sets

Bandwidth of radio link 2 Mbps
Bandwidth of wired link 125 kbps
TCP segment size 100 bytes

Packet transmission interval N |70 packets (5 nodes)
35 packets (30 nodes)
TCP throughput External 100 ms

network delay &
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