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Segment
Segment

Segment
Segment

Segment
Segment
Segment

Segment

Segment
Segment
Segment

Segment

FH : TCP Sender
send TCP segment

 »
 »

congestion

 »
 »
 »
 »

——

drop cwnd
because of congestion

maintain cwnd
because of radio error

BS : Intermediate Node

radio error

[

MH : TCP Receiver
detect RadioError

ACK
ACK

SACK
SACK
SACK

ELNSACK
ELNSACK
ELNSACK

09 00000000 ACKOODODOOOO
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TCP sender

Segment
5000
5500

6000
6500

| ———— radio error
[ ———— radio erro

TCP receiver

ACK
5000 [4500 : 5000] [5500 : 6000]

NNNNNNNNNNN

5000 [4500 : 5000] [6500 : 7000] [5500 : 6000]

NNNNNNNNNNN

Segment : sequence number of TCP Segment sent by TCP sender
ACK: sequence number of ACK sent by TCP receiver

TCP sender

Segment

5000
5500

6000
6500

(1) 0000000000000 00O0D0O0D

| ———— radio error
[ ———— congesti

() 0ODODOOODO0O0O0DO

TCP receiver

ACK
5000 [4500 : 5000] [5500 : 6000]

NANNNNNNNNNN

5000 [6500 : 7000] [5500 : 6000]

oobooooooooDboo
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Wired Link Wireless Link

2Mbps,1ms 384Kbps,1ms

FH : Sender BS : bottle neck node MH : Receiver

64Kbps,1ms

U 11: 0000000000000

4 OUOO0OOO0OObOOObOOO
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11000000

4.1 000000000

01100000000000000000000000ODO00 UD0o0O (FH: Fixed
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ogooboooooborTPOODO0ODODDODOODODOODODOLDDODODOOD
01100000000 [7j0000o0o0oooooMT-2000000000000000
gobobobobdooooooboboboboooboobboo 200000000000
goboooobooboobbobb oobobooboobobobboobooboobg
goboboobooobooboboobboooboobobobooboboobooboobooo
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Throughput (Kbps)

Throughput (Kbps)

350 |

300

250

200
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100

50

ELNSACK ——
SACK - -

1le-06

1le-05 0.0001
Bit Error Rate

() 0000O0000: 512 bytes

350

300

250 r

200

150

100 r

50 r

—— SACK - -

ELNSACK ——

1le-06

1le-05 0.0001
Bit Error Rate
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gobobooobobooobooooooboboboooboboboboboobobooo
O00D0O0O0OO0O0OOO0OELNSACKOODOOOOODOODOODOOOOOOODOOO
O0D0O0O00O0TCP Renod SACKOODOOOODOODODODOOOOODODOODDOOO
O0ODOODOODOELNSACKOOODOOOOODODOOOODOOOODOOOODODOOOO
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013(c)0000000030x10°00000000000000000000000
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gobobooboboboobobooboooobbooooooboobooo100bod
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SACK

ELNSACK

Reno

25

92IS MOpUOIM UoNSaBuod

520

515

o

51
time (s)

505

500

() 000D0O00: 5x107°

ELNSACK
SACK
Reno

25

o
N

n o]
— —

92IS MOpUOIM UoNSaBuod

520

515

510
time (s)

505

500

yOooooo: 15x107°

(b

ELNSACK

SACK
Reno

25

o
N

n o]
— —

92IS MOpUOIM UoNSaBuod

515 520

510
time (s)

505

500

6
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(
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(D0oooooo
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Symbol Codeword (n=2°-1)

sbits (|| || | -

Information symbols,which Check symbols,added by
contain the original data. the RS encoder before
transmission over a
(k=n-2t )

communications channel.

U 14: 00000000oooboooon

gobobooobboobouooooboobobooboboboboooboobobooo

gogboooooon

4.3 FECUOOO

O0000O00O0000000000C0O0O0O0O00O0000000COO0OO0OO0O000O0
O00000000000000000O0O0O0OO0O0OO0O0O0O0O0OOCOOOOOOO0O0OO
00000000000000 FEC (Forward Error Correction) 00000000000
000000000000000000000000000000000 [12)000000
0000000000000000000000000 (RS: Reed Solomon) 000000
O0000000RSOOOO0O0O00O0CCOOO0OOO0OO00O0COO0O0OO0O0ORSOO0OO
100000 s00000000000000ORS(n,k) D000 R=2°—-10000¢00

0000000000000 00000000000 k=n—-2t000 (O 14) O

4.3.1 000OO0OO0OOO0OOOO0

IMT-20000 000000000 QPSK (Quaternary Phase Shift Keying) D00 00O

00000000 QpSKOODODOOOOOOOODOOODODO pO0E, 01000000
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0.1 T T T T T
0.01 ¢ 7
0.001 ¢ 7

0.0001 7

Bit Error Rate

1le-05 | i
1le-06 E

1le-07 E

1le-08 1 1 1 1 1

Eb/NO (dB)

O 15: QPSKOOOOOOODODOOOO

0000N,00000000000(G)000000 [13]0

p = gerfe W%) 5)

0000QPSKOOODOO0OD00O00D00O000000 150000000000000
NO0DODO00DDO N, 000001000000 f=[Ny/N,]0000000000
0000000000000 160000000000000000 1100000000
0000000000000 p,00 (60000000
c 1\ . A
pf—1—§2Q>%ﬂ—pWﬂ (6)
=0

O000o00ooooooOp, 00 (r)ODO0ODOOOO

ps=1—(1—pp)f (7)
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T

flame

N

f flame
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0000oodooooooo0o0ooobooooOo0oooboobooreECOO0O0OODODOOO
00000 RS(127,117) 00 6.0 dBORS(127,107) 00 7.5dBO0O00O0OOO0OOOOO
OO0FECOODOOODOOODOOOOOOODOO0ODOOOO0OODOODODOOODOODOO
OTCpOO0OOOOOOOOODOODODOODOFECOOOOODOOOOODOODOO
000O0O00DbO0O00O0o0O0OOo00oOOoO0bODbDOo0ooRSOODODOODOOOODOOO
0000000 Ey/NoOOOOOOODOOOODOOOODOOO0OODOOOODOOODDOO
O000O00ORSOOO0ODOOOOOOO0ODOOOOOOODOOOODODOODOOObODOOOO
gobooobobooboobobobbooobooboobobobbooboboobg
gobobobooboboboobobooooobobooobooobboboobobg

goboboobpobobbboobdobooboobobooobobboboboooboobg
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500

450 +

400

350

300

250

200

TCP Throughput (Kbps)

150

100

50

T
ELNSACK_RS(127,107) —+—

ELNSACK_RS(127,117) &

SACK_RS(127,107) --->---
Reno_RS(127,107) ----*--- |

SACK_RS(127,117) —-w=—- 4
Reno_RS(127,117) --o--
ELNSACK ----e---

SRAe(r:]Pé i‘ ] ’:7,,__&4»-0»0—1
i,js'l—lri—Hi1—l1—IHI+Ié{;Hl1—I+

7

//<— RS(127,117) WithoutFEC —=/ /|

Eb/NO (dB)

() 0000O0000: 512 bytes

500

450 +

400

350

300

TCP Throughput (Kbps)
N
a1
o

IRS(127,107) —

T T T
ELNSACK_RS(127,107) —+——
SACK_RS(127,107)
Reno_RS(127,107) ----*--- T
ELNSACK_RS(127,117) &
SACK_RS(127,117) —-=—- i
Reno_RS(127,117) --o--

ELNSACK ---e--
SACK -4 ,/’g:lff"“‘j
Reno - o ;—le—lH—i—-HlH—l—gri#rrlJ—l+

37 o X
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i=— RS(127,117) withoutFEC —

200 |
o
150 - H 5 -
i Q
; if
100 - i i 1
} i
/ /
50 j I3 )
i J
0 ======-======1/:=====#::::::':-‘/‘ L
0 2 4 6 8 10 12

Eb/NO (dB)

(b) 00DO0O0O0O00: 1 Kbytes
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0.1F

0.01

0.001

0.0001

Segment Error Rate
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. RS(127,107)_size:1KB ———---- |
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. \

1e-06

6 8 10 12
Eb/NO (dB)

le-07

018 0bogoogd

00000000000 00DO00bObO00D ACKOOOoooooooooobooo
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SACKOOOODOOODOOODOoOOoDbDoOoooooobooo

00000 1900 2000000000000ELNSACKOODODOODOOOOOOO
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ELNSACKOOOOOOOOOOOOOOOODOOODOOODOOoOoDOOoOooooDooooo
gbobobooooobobobobobobooooboboboooobobobobo o
0000000000000 0DO0o0bO0o0oO00oO00oOOobOOObOOFECOODOO
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TCP Throughput (Kbps)
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