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TCP Retransmission with Spurious Timeout Detection
for 3G Mobile Packet Access Network

Kartsumr SExicucHr, 12 Aya HokaMURA, !
KAZUNORI YAMAMOTO,® HIDEHARU Suzuki, !
NORIHIRO ISHIKAWAT and OsaMu TAxkAHASHIT?

This paper describes the tuning method of TCP RTO parameters and an implementation
of spurious retransmission timeout detection for the 3G mobile packet network. At first, we
discuss the issues about TCP RTO timer and STO on the 3G mobile packet channel. And
we propose the tuning method for RTO timer optimization to reduce an incidence of STO
and applied them to mobile packet access service. We choose F-RTO/Eifel Response for
STO detection and response algorithms. We evaluate a performance of optimized RTO and
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F-RTO/Eifel Response on a commercial network of 3G mobile packet system.

1. O0O0Oad

0300000000IMT-200000 002006 0
§000000000D0O0ODOO 3.6MbpsOODODODO
HSDPAY 00000000000 OOOHSDPAOD
OO0o0000o0Oo0Od 4Mbps OO OOODOOOO
ADSLOOOO0OO0OO0OODOOOOOoOoOoOoooooo
gooooooomMT-20000 0000000000
goooobooooooooooooooboOooooo

10000 NTTODOODOOODOOoOO
Core Network Development
DoCoMo, Inc.

t200000000000000000O0OO0
School
University-Hakodate

t3 0000 NTTODOODOO&ODODOOODOOODO
Service & Solution Development Department, NTT
DoCoMo, Inc.

Department, NTT

of Systems Information Science, Future

350

000000000000000000000000
000000000000000000000000
000000000000000000000000
0oooo

00000000000000000000000
00000000 RLCO Radio Link Controll® 0O
000000000000000000000000
D00000000000000000Y 000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000 RITO Round Trip TimeO 0 00 O
0 00 O Delay Spike(®® 00000000 O Delay
Spike 00000000000 OD0O0OOOOOOO
000000000000000000000000
000 TCPODOOOOOOOOOOOO



Vol. 49 No. 1

TCPOUOOOOODDODOOOOOOOOOODOOOO
O0000000000000RTO: Retransmission
Time OwD O ODOOOOOOORTO ODODOOO
OORTOODODODOOODOOOODODOODOOD Ack:
AcknowledgementD 0 OO 000000 ORTOODO
JoooooooooooooogooooRrRTOOOO
O0AckOO0ODOODOODOOOOORTTO RTO
O00O0O0oO0oOoOog RTOOOOCOCOODOO

Delay Spike 0000000 OOOOOCOOO
OOO00O0D0OoODOOORTTOOOOO AckOOO
OORTOOUOODOUOOOOODOOOOUOODOOO
OO000000STO: Spurious retransmission Time
owdoooosTOOODDOOOODOOOUOOOoOO
00000000000000000000ooog
00000000000000000oooooog
gooTCcpOODOO0OOODODOODODOOOOO
STOO00DO0OO0D0DOODOoDODoDOOoOoSTOOOOODO
oooOo0oooooooOoUoOooooooooood
200000000

STOOOCOOCOO0OOO0OOOO0OOOOODelay Spike
O000ooo0ooo RTOOODOOOOODOOOOO
RTTO RTOUOOODOOOOOOOOOOOOODOO
00000000000 Delay Spike0 00 RTTOO
00000000 STO000O0oooooooog
0000000000000 0oooooooooog
ogooooooooo

STOoO0O0DUOD0OO0ODODOOoDOooooog
o0o0o0O0oO0ooooooooooogooooooog
oooosSTouoooooooOouooooooood
STOOOOOOSTOODOODODOOUOOOOOODO
OO0 STOOOOODOOOOoOoOoOosTOOOOOOO
OoooooooosTooOoOoUoOoOoooooOod
oooooooDooOOoOo TCPOOOOOOOOOO
O00000o0ooooOosSTOOOOODOORTOOO
00oOO0D0OO00OO010000bO0obDo0oboboooo
gosToodoOoOoOoOooOoOoDOooooDOoog
ogooooooooooo

O02000000000RTOCDOOOOOOOO
O000o0o0o0O0o0ooooooooooogosTo
OoooooooosTooooOoOoOoOoooood
O00000oOoooooooooooooooog
00000DO0O0ODO0O00oooooOooOooooSsSTo
O0000O0OOo TCPOOODOODODODOOOOO

O0000ogoo 10 RTOOOOO RLCOOOO
gooooosTooooOoOoOoDooDoOoOdoooOog
0000000 0ORLCOOOODOOOODOOOO

03000000000000000000000000000 TCPOODODO 351

0000000000000 O0ORLCOOOO RTO
000 STOOOODOODOODOOOOOORTOOD
O0D0000O0O0O00ORLCOODOOOOOODODO
000000 RTOOOOOOOOOOODOOOO
STOOOOOO0O0D0O0O0O0O0ODelay Spike 00
ORITOOOORLCOOOOOOOOOOOOOOO
000000000000000000000RTO
000000000 STOODO00O0O0OOODOO0
RITOOODODOOOOOOOOOOOODOODOOO
0000 200RTO0OODODOOOOOOOODN
00 STODOOOOSTOONDNONOOONOOONOOOD
0000000000000 00000000000
0000000000000
000000000000000RTOOOOOOO
000000000000000000000000
0000000 STOO0O00O0O00O0000000
000000 Delay Spike 0000000 00ORTO
0000000000000 STOOOOO0OSTOD
0000000000000 00000000000
200000000000
00002000 STOOOO RTOODODOO
000000000000 RTOOOODOODOOD
00000003000 sSTOO0O0ODOO0OO0O0Dn
RTOODOOOO0OOOOOOSTOOOOODOOO
0000000000000000000 STOOD
0 0 O Forward-RTO Recovery ®”00 STOOODO
00 Eifel Response ¥ 00000000000040
000000 RTOODOODOOOOOOOOOOD
0000000000000 0000RTOOOOO
STOODO0DO0O0O0DOO0OOOO0O0OOONOOO
RTOOOOOOOOOOOODOOOOOS000 STO
0000000000 00IMT-20000000000
000000000000000000000000
000 STOOOOO0OO0O0O000O0000000O00
0000060000000000IMT-2000000
000000000000000000000000
00000000000000000000000

2. TCPOOOODOOOO

2.1 0000000000 STO

TCPOOOUODOOOOOOODO AckOOODOODO
ooRTOOOOOOOOOODOOOOOOODOOOO
RTOOOOOCOOOOODOOCO RTTOOOOOO
00000000000 RFC2988% 0000 Linux
goooooOooooooooRrRrooOoooOogoO
gooRrRrooooooOoOoCOcOoOoOoOoOoOoooon



352 ooooooooo

Oo0oOooooooTCcCPOOOOOOOOOOOO
O000o0o0oooooooooooooooooo
0000 RTTOOODOOOOOOOOOOORTTO
O00000O0o0oO0o0ooOOoooooOoooooo
oooooooooooRrroooOOCOCOOOOO
gboboboboboooooooooobooooo

RTOOO0OO00O0OODOODODODDODOOOODOOOOO
000000000000000000000 Delay
Spike 0O OOOOORTTO RTOOOOOOOO
STO00000O0O0O0O0OO0OoOoOoUoOooooo
O00o0o0o0o0o0ooO0oooooooOoooOoooo
O000000000oO RTOOOOO RTTOOO
OORTTOOOOOO Delay Spike 00 STO OO
O00000o0oo0o0oO0oU0oOooooOoooooo
Delay Spike OORTTOOOOOOOOOOODOO
goboboooboobooobbooboobooo
0000000 RTOOOODOOOOO RTOOODO
ORTTOOOOOOOOOOOOOOOSTOOOO
oooooooo

2.2 STOOOOOOOOOOOO

STOOOOOOOOGo-Back-NOOOOO cwnd
O Congestion WindowO OO O OOOOOOOOOO
O000000O000o00ooOoooOoooooooog
O000000000O00oOooOooooooooo
OO00O00OcwndO 1000000 ssthreshO Slow
Start Thresholdd OO OO0 cwnd OO0 O0OOO0O0O
OQ0cwnd OOOOOOOOOOOOSssthresh 000
O00o0o0o0oooooooooooooooooo
00o0000oooooooU0ooooooooo
O00oo0O TCpOOOOOOOOOODOOOOO
TCPOOOOOOOOOODOOOOOOOOOOO
O0cwnd DOOOOO0OO0OO0O0OOOcwndOOODO
0000000000 0oO00ooOoooOoooooo
O O O BDP: Bandwidth Delay ProductO O 0O O
ooooooooboooBDbPODOODODODO
0000000000 0000o00000 3.6 Mbpsd
RITO 300ms O0O0O0O 135 KBOODOOOOOO
100 STOOOO 135.KBOOOOOOOOOOO
00000 ssthresh 00O OO0O0O0O0O0O0O0OOO
O00000O0O0cwndO STOOOOOOOOOO
O000oo0o0ooooooooooooo

2.3 STOOOOOOOO

Sroo0000gooooRTOOOOOOCOOOO
oo0OSToooooooodoooooooosTod
goooooooo SsToooooooooooooo
gooooooobobob20b00b0b0oooo

Jan. 2008

O0000O00ORTOOOOOOOOOOOOOOO
0000000000000000000000RTO
00D0000000000STOOOOOOODODn
000000000000000000000000

2.3.1 RTOODOOOOOOOO
RTOOODO0O0O0D0OO0DO200000000
000000100 RTOODODOOOOOOOODOO
0000Delay Spike 1000 STOOOOOOODO
0000002000 RTOODOOOOOOOOOO
O0O0O0ORITOODOOOOOOOODOOOOOOO
RTOOOOOOO0OOOOOOO0ODOOOOOOOO
000000000000000000000000
000000000000000000000000
0000000000000000000000RTO
000000000000000000000000
0O0sSTOOOOO0O0O0OO0O0O000000OO0O000On
00000000000 0000000000000
ooooooo

RTO 00D0O0DOODOOOOOOODOOO
RFC2088 000 000000O0O0ORTOOODOOO
000000000000000000000000
OO RFC2988 0 O0RTOOOOOOOOOODN
00000000000000000000O00RTT
00D00O00O00ORTOOODOOOODOOOOOD
000000000000 00000000000
oog
RTOOOO0O0O0C0OO0O0OOORLCOOOOO
0000 RTOODODODOOOO STOOODOODO
000000000000000000000000
RTT 0000 Delay SpikeD00 00000000000
000 STOOOOOOOOO0OOODOOO0OOO0D0ODn
000000000 IMT-20000000000000
00000 RTOOODOODOOOO STOOODOD
000000000000000000000000
00000oO0ooooooon

2.3.2 STOOOOOOOO

STO 0O 0 0O 0O 0O O Forward-RTO Recovery F-
RTOLD Eifel Detection ®'? 0 DSACK '® 0000
0000000000000000 10000F-RTO
OORTOOODOO 1000000000000O00
0000000000O00AkOODOOOODOOODO
20000000000000000000 AckO
Duplicate Ack 00000 STOODOOOOOF-RTO
0000000000000 0O0OOOEifel Detection
0000000 timestamp 000000000000
Ack000000000000 STOODDOO O OEifel



Vol. 49 No. 1

01 sToooooooo
Table 1 Features of STO detection algorithms.
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Table 2 Features of STO response algorithms.
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Table 3 Environment and behavior of delay.
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