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ABSTRACT

The standard IEEE 802.11n is wireless technology that extensively used today.
The problem of IEEE 802.11n standard is bandwidth for data transmission congestion while there is
large number of users. Thus this problem needs to be managed in order to decrease the throughput
of transmitting data.

This thesis proposes the application of using IEEE 802.11n on IEEE 802.3ad.
The application improves bandwidth in communication and decreasing of the transmitting data
congestion. The process is included reserving the redundant path when the main path has problem
by changing the link aggregation. For testing frequency at 2.4 GHz with bandwidth 20 MHz on
Channel 1 and 11 in mode point to point. Bridging transmission mode uses half duplex data rate at
65 Mbps, 64-QAM modulation type. The standard adjusts time value as 0.8 ps. There are applied
for evaluating the throughput, SNR and round trip time. Protocol TCP is used for transmitting data
at different packet size.

The experimental results show that the link aggregation in wireless system is increase the
bandwidth and decreasing the data transmission congestion. It reserves the redundant path from
problems of the main path. Nevertheless, results of interference power noise decreases in order to
increasing SNR and throughput. Two link aggregations can be transmitted data up to 40.10 Mbps
(increasing 5.4 %) by using TCP protocol with different packet size. And then, 1480 Kbytes of
packet size can be transmitted data up to 50.47 Mbps (increasing 0.84%). For non-load condition

can up to 60.80 Mbps (increasing 0.16%) in full-load condition.

Keywords: link aggregation, interference, 802.11n, 802.3ad
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Transport
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@ 1CcP
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cost
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1921602 -
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E—
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[

Cancel |
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LACPl#show etherchannel summary
Flags: D - down P - in port-channel
I stand-alone s - suspended
Hot-standby (LACP only)
Layer3 S - Layer2
unsuitable for bundling
in use f - failed to allocate aggregator
default port

Number of channel-groups in use: 1
Number of aggregators: 1

Group Port-channel Protocol Ports
------ e R e
1 Pol (5U) LACP Fa0/1(Pd) Fa0/2(B)
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LACPl#ping 192.168.0.252

Type escape sequence to abort.
Sending 5, 100-byte ICMP Echos to 192.168.0.252, timeout is 2 seconds:

Success rate is 100 percent (5/5), round-trip min/avg/max = 4/4/4 ms
Lacei#j

H 4 1 1 a o a 1 Y] [l o o'/ .
MNA 3.14 MInaaeuMseNaeszrIalIndNasoaaneny 1anieli drefde Ping

3232 aoudlauoasanosdny 4 a1 aadunSuuds  Tomato-K26USB-
1.28.9054MIPSR2-Beta-Ext ttazaoufladlutuy Point — to — Point f1viua lofiuoaasausq
d 9 X 1 [ [ dy
9Un3aluaInIveIdyg Ivaail
LOALEANOEA AN 1 LAG2 1 Mac Address E0:CB:4E:56:AC:BA 1P Address
192.168.0.10 Ch 1 - 2.437 GHz 20 MHz

LOAIKEANDOR F271 2 LAG2 2 Mac Address E0:CB:4E:56:9F:BE IP Address
192.168.0.20 Ch 1 - 2.437 GHz 20 MHz

LOALEANOHA ngtl‘ﬁ 3 LAG3 1 Mac Address BC:AE:C5:C4:BA:75 IP Address
192.168.0.30 Ch 11 - 2.462 GHz 20 MHz

LRALYANDEA @Qﬁﬁ 41LAG3 2 Mac Address E0:CB:4E:56:AC:B5 IP Address
192.168.0.40 Ch 11 - 2.462 GHz 20 MHz

| @ ttomato] Status: Overview | + E——— Y 7T

030

Beenet WebMail | | Wireless | RMUTT | Resume LACP wiafiatumsdh.. b Console TN Error: An attempt
Sta System

Name tomato
Model Asus RT-N16
ndwidt Time Not Avaiable
ReakTi Uptime 0 days, 00:04:20
Y CPU Load (1/5/15 mins) 0.00/0.00/0.00
' Total / Free Memory 123.98 8 / 117.21 MB (54.55%)
P
D o LAN
o Router MAC Address BC:AE(C5:C4:BA:73
i Router IP Address 192.168.0.30
Subnet Mask 255.255.255.0
Gateway 0.0.0.0
DNS
DHCP Disabled
Wireless
MAC Address BC:AE:C5:C4:BA75
Wireless Mode Access Point
Wireless Network Mode Auto
o Radio Enabled
SSID LAG3_1
Securty
Channel 11-2.462 GH:
Channel Width 20 Mz

Interference Level Acceptable

H J Jd 1 1 o
ﬂ]‘Wﬁ 3.15 ‘ﬂﬂﬁglﬁﬂﬂ@nﬂﬂ VDULDALFTNDYN 1YY YOITYYIU hl’é]ﬁllﬁ)ﬂlﬂiﬁ
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0.0.0.0
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Access Point + WDS v

Auto -

LAG3_1

%]

m{t Scan

20 MHz ¥

Disabled =

Link With...

E0:CB:4E:56:AC:B5  00:00:00:00:00:00
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Aa 3 :/1 A o ~ A 1<
3.2.3.6 AAAeTUsInTY Jperf-2.0.2 114 3 1A704 Aviua lofiteaasainos Server 1T

192.168.0.2 Client 1311 192.168.0.1 5o aalnasmilu 192.168.0.3

perf command: iperf 5 -P 0 -1 -p 5001 -w 128.0K F k.
Zhoose iPerf Mode: O Client
(& Server Listen Port 5,001 (5| [] Gint Limit

Mum Connections 0%

Application layer options 2 Bandwidth & Jitter

[ Enale Compatibility Made

Cutput Format | KEits v
Report Interval 1% seconds
[ Prink Mss

Transport layer options 0

Chaose the protocol to use:

®@Tce
[ Buffer Length [1880] ©4.0-95.0 sec 6136 KEytes 50262 Fhits/sec 3
7P Window 5 120 B [oyte: B [1860] 95.0-96.0 sec 6400 KBytes 52431 Fbits/sec

indow Size = | KBytes

[1860] 96.0-97.0 sec 6272 KBytes 51351 Khits/sec
[[] tax Segment Size: [1880] 97.0-95.0 sec 6423 KEytes 52618 Fhits/sec
[1880] 98.0-99.0 sec 5104 KBytes 50005 Kaits/sec|

] TCP Mo Delay
[1860] 99.0-100.0 sec 6232 EBytes 51056 Ehits/sec

O uop ‘ [ ID] Interwal Transfer Bandwidth
) [1860] 0.0-100.0 sec 616608 KBytes 50505 Kaits/sec
Done. v

MW 3.19 Han55UAIUDYAIN Client 1189 Server 1 Session (Non-Load) 100 3117

werf command: ipetf -5 P 0 -i 1 -p 5001 -w 1152.0K £ k.
Run IPerf!
aoose iPerf Mode: O Client

(%) Server Listen Port [ client Limit

Mum Connections
Application layer options &

[[] Enable Compatibilicy Mode

Output Format KEits W
Report Interval 1 % | seconds \
»
|
[ Print Mss ¢
Q
N
Transport layer options £
Chaose the protocal ta use
[Ohi=3 Cutput
[] Buffer Length [960] 0.0-1zZ7.5 sec 7536 KBytes 453 Fhits/sec F
[ TP Windaw Size 1,152 %] [kBvtes & [136] 0.0-127.6 sec 92456 KBytes 594 Fhits/sec
2 x b [ ID] Interval Transter Bandwidth
[] Max Segment Size [2112] ©0.0-127.6 sec 7445 EKBytes 475 Kbits/sec
[ TP o Dty [2136] 0.0-127.6 sec 6800 KBytes 437 Khits/sec
[164] 0.0-127.6 sec 8256 KBytes 530 Ehits/sec
) UDP [140] 0.0-127.7 sec 7360 KBytes 472 Fhits/sec
- [1392] 0.0-127.8 sec G672 KBytes 556 Khits/sec
[5UM] 0.0-127.3 sec 805370 KBytes 51626 Kbhits/sec v

MW 3.20 HaN55UAIURYAIN Client WG9 Server 100 Session (Full-Load) 100 311
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n
X—
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2
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1o P Ap  packet size N1Feav0ya
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FesumsmuaunnaumalioufisusumsfamiSnanudeyadodedoya TCP Packet
size 128 Kbyte auenaed 411 18a1Siaanusiiu 46,30 Mbps (Half Duplex) Fafien
IndiFessumiimumanaumsd 5.1
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4 4

Y 1 T A o [ § 1
1. A9AINI5IINNGNAIA(Link  Aggregation) #30I38nDN0E191 971 EtherChannel
= dy Yo 1 1 Qy 4 o o Y
Falunmanudntiag 198191 EtherChannel HNUNTITINAGUAIA IUTZAY Layer 2 MHuUA N
a o a 4 3 I Y I Aa
ouUINo51Wd FastEthernet 0/1 118% FastEthernet 0/2 VDIAIATNIAIA T UFTVIFNUDI
o a 4 o o'.l

EtherChannel WN1N15d ’:91") 199U o5 a Port-Channel Iﬂﬂﬂﬁi‘%ﬂWﬁ J "interface Port-channel
<number>"

switch-01(config)#interface Port-channel 1

switch-01(config-if)#exit

Y

A o ¥ v o Do a s Ay A v
2. N INITA TN Port-channel 1137 ﬁ]1ﬂHUﬂ@Qﬂ1uu0uLﬂ®5!7\|ﬁﬂG]E]\?ﬂ’livlﬁﬂgblﬂlﬂu

9
~

AUIFNUDY Port-Channel 11 Iasazdeaniinistaon lvinanaz lidsTaasanazldlunisdii
Y

EtherChannel #aluans35oii 1915 Lace Tumsiazinmsimualiddumeflaiifuaudn
84 Port-Channel fideamsfansoi lddens g
"channel-group <number> mode <active|auto|desirable|on|passive>"
Tﬂﬂﬁﬁmmamﬁﬁmwsszu"lﬂﬁ%éfmmﬂﬁ’uwmmawm Port-channel AT A 1983
@10819  switch-01(config)#interface range FastEthernet 0/1-2

switch-01(config-if-range)#channel-group 1 mode active

switch-01(config-if-range)#exit

kiR Rek R Config ﬁi%’imm?a‘i’ﬂf:**********

LACPI1 etherchannel L2 configuration

configure terminal

interface range fastethernet0/1 -2

switchport mode access

switchport access vlan 10

channel-protocol lacp

channel-group 1 mode active

interface port-channel 1

switchport access vlan 10

switchport mode access



LACP?2 etherchannel L2 configuration
configure terminal

interface range fastethernet0/1 -2
switchport mode access

switchport access vlan 10
channel-protocol lacp

channel-group 1 mode passive
interface port-channel 1

switchport access vlan 10

switchport mode access

&9
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1. 191A0UTlA Access Point A1 Web Browser Ip ¥04g1nsaligu 192.168.0.30 91n1iu

e User&Password 1ufiil User = root Password = lacp

€& @ 192168030/logout.asp

[8) whmniag (-] Beenet WebMail | | Wireless | | RMUTT | | Resume | | LACP { | iafadfialumsdn.. b Console TN Error: An attempt was ... ©* Aruba AP-1i

Logout

To clear the credentials cached by the browser:

Firefox, Internet Explorer, Opera, Safari
- Leave the password field blank.
- Click OK/Login

dasmsmsdududrunna =

Chrome

- Select Cancel. g‘ http://192.168.0.30 sasvafiaglziuasnariiu FaAuanLiy: "tomato”
fanle: [
NFU: eeee

11 ~ LAy a v

2. Ty basic tiverinne a1
192168030 ¢ |[B- urerize

Aanian [ Beenet WebMail | | Wireless | | RMUTT | Resume | | LACP wsaviiatumsi b Console TV Error: An attemptwas... /* Aruba AP-105 Access... & Cant config apl05 -,

Status System
Overview
Device List Name tomato
Web Usage Model Asus RT-N16
Logs
Bandwidth Time Not Available
Real-Time Uptime 0 days, 02:39:41
Last 24 Hours CPU Load (1/5/ 15 mins) 0.00/0.00/0.00
Daiy Total / Free Memory 123.98 Mg [ 117.19 M (54.53%)
Weekly
Monthly: AN
Tools
Router MAC Address BC:AE:C5:C4:BA:73
— Router IP Address 192.168.0.30
Advanced
Port Forwarding Subnet Mask 255.255.255.0
Qo8 Gateway 0.0.0.0
Access Restriction DS
USB and NAS DHCP Disabled
Administration Wireless
About MAC Address BC:AE:C5:C4:BA:75
Reboot... Wireless Mode Access Point
Shutdown... Wireless Network Mode Auto
togout Radio Enabled

SSIn 1AG3 1
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o o . Y I . <3| .
3. MMsmvua 1vua Wireless 117101 1113a Access Point+WDS (111 11u@ Point to

. o Y o dy
Point) Llagﬁ"lll'liﬂﬂ'lﬂuﬂhlﬂ 5 Tviua feil

3.1 Access Point

3.2 Access Point + WDS

3.3 Wireless Client

3.4 Wireless Ethernet Bridge

3.5 WDS

Y ¥
4. MA3A9%0 SSID U949 Access Point

5. 1nenyoedyaudelu Channel Width 20 MHz @ wnsoidensesdyniala 11

FoIdyn I

9 v
6. 11999 WDS Mac Address ‘I:!Juslﬁmlﬁ Mac Address U949 Access Point 19241 Point

to point

7. 1i19W1M3 Config NNoe191d21% na Save tile Save config

Basic
Network
Identification
Time
DDNS
Static DHCP
Wireless Filter
Advanced
Port Forwarding
QoS
Access Restriction
USB and NAS

Administration

About
Reboot...
Shutdown...
Logout

DHCP Server

Wireless

Enable Wireless
MAC Address
Wireless Mode
Wireless Network Mode
SSID
Broadcast
Channel

Channel Width

Security

WDS
MAC Address

uuuuuuu

BC:AE:C5:C4:BA:75

Access Point + WDS x

a4
Auto v
LAG3_1 m
(4}
11-2.462GHz + | Saan E

20MHz ~
Disabled -
Link With... +

E0:CB:4E:56:AC:B5
00:00:00:00:00:00

00:00:00:00:00:00
00:00:00:00:00:00
© 00:00:00:00:00:00

00:00:00:00:00:00

00:00:00:00:00:00 00:00:00:00:00:00

00:00:00:00:00:00 00:00:00:00:00:00

Save

Cancel



Wireless

Enable Wireless €4
MAC Address BC:AE:C5:C4:BA:75
Wireless Mode Access Point + WDS v
Wireless Network Mode Auto v
SSID LAG3_1
Broadcast ™
Channel 11 - 2.462 GHz v | Scan
. Auto
Channel Width 1-2.412 GHz
2-2.417 GHz
. 3-2.422 GHz B
Seuy 4 -2.427 GHz
5-2.432 GHz
6-2.437 GHz
wos 7-2442GHz | B
MAC Address 8 -2.447 GHz 00:00:00:00:00:00
PRIV 7 el g = —
10 - 2.457 GHz 00:00:00:00:00:00

RS 00:00:00:00:00:00

00:00:00:00:00:00 00:00:00:00:00:00

00:00:00:00:00:00




Wireless

Enable Wireless
MAC Address

Wireless Mode
Wireless Network Mode
SSID

Broadcast

Channel

Channel Width

Security

WDS
MAC Address

™
BC:AE:C5:C4:BA:75

Access Point + WDS

Access Point

Access Point + WDS
‘ Wireless Client

‘ Wireless Ethernet Bridge

| WDS

11-2.462 GHz ~
20 MHz ~

Disabled

Link With... +
E0:CB:4E:56:AC:B5
00:00:00:00:00:00

00:00:00:00:00:00
00:00:00:00:00:00

00:00:00:00:00:00

Scan

00:00:00:00:00:00

00:00:00:00:00:00
" 00:00:00:00:00:00
~ 00:00:00:00:00:00

8. AAANTAMNIZVDI Access Point Asus RT-N16

81994 http://www.asus.com/Networking/RTN16/#overview

~00:00:00:00:00:00
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Network Standard
Product Segment

Data Rate

Antenna

Operating Frequency
Encryption

Firewall & Access
Control

WAN Connection Type

Ports

OS Support

Dimensions
Weight

Router Special
Features

95

IEEE 802.11b, IEEE 802.11g, IEEE 802.11n

N300 complete networking; 300Mbps

802.11b: 1,2, 5.5, 11Mbps

802.11g:6,9,12,18,24,36,48,54Mbps

802.11n : up to 300Mbps

External antennax 3

24GHz

64-bit WEP, 128-bit WEP, WPA2-PSK, WPA-PSK, Radius with 802.1x

Firewall: NAT and SPI (Stateful Packet Inspection), intrusion detection including logging
Logging: Dropped packet, security event, Syslog

Filtering: Port, IP packet, URL keyword, MAC address

Internet connection type : Automatic IP, Static IP, PPPoE(MPPE supported), PPTP, L2TP
1 xRJ45 for 10/100/1000 BaseT for WAN, 4 x RJ45 for 10/100/1000 BaseT for LAN, Support Ethernet and 802.3 with max. bit rate 10/100/1000
Mbps and auto cross-over function(MDI-X)

UsB2.0x2

Windows® 8 | 32bit/64bit

Windows® 7 , 32bit/64bit

Windows® Vista , 32bit/64bit

Windows® XP , 32bit/64bit

Mac0S X

Linux

216 x 161.9 x 40.5 mm (WxDxH)

4709

3G/4G data sharing AiCloud Printer server Download Master AiDisK Multiple SSIDs Parental Control
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1. Download Tdsunsu jperf Twa@llé"ﬁ ftp://ftp.psu.ac.th/pub/jperf/jperf-2.0.2.zip
n30 http://code.google.com/p/xjperf/downloads/list.
2. Download 11/5un33 java runtime L‘ﬁ@ﬂﬁﬂﬂ jperf @044 Java run 8137159 download
lli?fﬁ ftp://ftp.psu.ac.th/pub/java/jre-6ul 8-windows-i1586.exe EL) http://www java.com.
3. v‘hmsﬁﬂéﬁ% java runtime ‘ﬁgjﬂlﬂé’m Server 1A% client A2
4. Wuan Zip 1‘1/‘]5jperf—2.0.2.zip BRI “V'lalﬂméi’)\i Server L1Q client
5. 1% run Ulﬂﬁ)jperf.bat ‘ﬁilﬂ?@\‘i Server LIQg client
6. WamitA30q server muil
6.1 Lﬁ@ﬂ“ﬁ Server
6.2 .1d Port 1ilu 5001

6.3 NA Run Iperf

(a0 e perormanc TR e 1 y . s < |

JPerf

Iperf command: iperf5 P01 5001 Fk i ‘
un TPer
Choose iPerf Mode: ) Client Server address Port 5,001 s N

@ -

Application layer options A Bandwidth

[ Enable Compatibility Mode

OutputFormat  |KBits -
Report Interval 114 seconds

Choose the protocol to use

@Tce

| | [Buffer Length

[ TCP Window Size 56 Bytes |

Y v E4
1A .

1Y A . Y o A 1 Ay A
7. AINA509 client 1ae 111 IP Address VounT0d server W1 ldluaudtedl ip

3 ' ' . Yq 1o Ay I v
address D4 server 111 192.168.0.2 @21 11%04 Transmit 1% a3 1uaua1ideansdatoyadn

Y
T Tasrureduimi luauidetiae 100 Juh
7.1 1a IP Address Server

7.2 Tddwaunandesmsdadeya’lilis Server
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9
7.3 Tunuaseiihmsnadeudadoyauuy TCP nazsuA1 TCP Window Size

4

dqeﬁ'ay’a Packet 6 YU1A AT 128 KBytes, 384 KBytes, 640 KBytes, 896 KBytes, 1152 KBytes
iy 1408 Kbytes

4
7.4 NA Run Iperf 509uUnNdsdoyansaziusieazideamsdetoyaigion 10

Y Y
A5 Miuiimstunana

2 JPerf 2.0.2 - Network performance measurement graphical tool
Yerf

=R F=E )

Run IPerf!

erf command: iperf -c 192,168.0.2 -P 1 -i 1 -p 5001 -w 128,0K -f k -t 100

wose iPerf Mode: @ Client Server address 192,168.0.2 Port 5,001 =
Parallel Streams T
) Server isten Port Client Limit
Application layer options A a

Bandwidth

[] Enable Compatibility Mode
: 2 55,000 {
Transmit 100 r
= = 50,000 1
() Bytes @ Seconds

Output Format KBits v
Report Interval 14 seconds
Testing Mode [JDual [ Trade

test port 5,001 %

Representative File

[ Print MSS

Transport layer options

Choose the protocol to use

@® TP 15
[[] Buffer Length || Output |
TTo0T 200570 DTG~ U&JU ROYLES  OI&TT MIIto/oTo

) TCP Window Size

am ) — [156] 98.0-99.0 sec 6048 KBytes 49545 Kbits/sec
[[] Max Segment Size 1 KBytes | 4
‘[156] 99.0-100.0 sec 5912 KBytes 48431 Khits/sec
[[J TCP No Delay i[ ID] Interval Transfer Bandwidth
~ Ubp [156] 0.0-100.0 sec 583765 KBytes 47815 Kbits/sec

1285

KBytes «

FAASANTZV 11

| [156]

Done.

97.0-98.0 sec

6432 KBytes

52691 Khits/sec
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8. luang Full-Load ﬂzﬁmuﬂdq%y‘amﬂ Client llﬂé‘fﬂ Server 911U 100 Session

Tastnua luaIu Parallel Streams

JPerf 2.0.2 - Network performance measurement graphical tool

uf
f command: iperf -c 192.168.0,2 -P 100 - 1 -p 5001 -w 128.0K -f k -t 100
ose iPerf Mode: @ Client Server address 192.168.0.2
Parallel Streams
O Server Listen Port
Mum Conne
Appﬁcaﬁon]ayeropﬁons A a
[] Enable Compatibility Mode
Transmit 1005
() Bytes @ Seconds
Output Format KBits -
Report Interval 1% seconds
Testing Mode [JDual [ Trade
test port 5,001 5
Representative File |
[] Print M55 |
Transport layer options A
Choose the protacol to use
—
[] Buffer Length 2 MB Output
[TosT  UsU-I0T.o
[¥) TCP Window Size 1285 KBytes w [372] 0.0-104.5
[[] Max Segment Size 1 KByte: [\IP] Inpeidal
[500] 0.0-104.5
[] TCP Mo Delay [700] 0.0-104.5
- [212] 0.0-104.5
O ubp
| [SUM]  0.0-104.5

1005

5,001

Port

Client Limit

(= e

Run IPerf!
5,001 -5

€ stop perf

#588: [

\Dona.l

Do

sec

sec
sec
sec

OO0 ROyLES

6208 KBytes

U0 IO LGS7 S5EC

487 Kbits/sec

Transfer Bandwidth

7360 KBytes
7608 KBytes
7600 KBytes
771968 KBytes

577 Kbits/sec
596 Khits/sec
596 Kbits/sec
60512 Kbits/sec
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Abstract

An application of Link Aggregati

which Ty use in
wire system in IEEES02.3ad standard, for WLAN, to improve the
throughput value is proposed in this paper. The experimental resulis
show that Link Aggregarion in wireless system cause 1o the increasing:
of bandwidth which depends on number of link aggregation. In
addition, if some of link cannot ransfer dara, another link can transfer
data instead of them due to Link Aggregation. However, it is not only
the SNR (Signal-to-noise ratio) value affects 1o the throughpur value but
interference power value also affects o the throughput value. If the
difference value between the interference power station value and the
interference power noise value increase, the throughpur value is also

increased by 5.4 % in average.

Keywords: Link Aggregation, WLAN, Interference Power, 802,11, 802 3ad
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Improve the throughput value for wireless LAN System (Wi-Fi)

with Link Aggregation
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Abstract

An application of Link Aggregation, which normally
use in wire syslem in IEEES02.3ad standard, for wireless LAN
System (Wi-Fi) to improve the throughput value is proposed in
this paper. The expenmental resulls show tha! not only the
Interference Power valug and SNR value affect to the
throughpu! value but intérferance power station value also
affect to the throughput value. If the difference value between
the inferference power value and the interference power station

value increase, the throughput valve is also increased.

Keywords: Link Aggregation, 802.11,  Inferference  Pawer,

wireless LAN
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