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ABSTRACT

Wireless Distribution System (WDS) also known as a wireless point to point
bridge. In this paper we describe the software architecture of a bond of multi-port ,
called "EWPMP bonded (EBond) module™. Ebond module bonds multiple ports into
one virtual port. Our implementation provides two bonding modes that can be
selected by the user to bond radio ports and control the packet transmission behavior

of the virtual port.

However, the wireless link quality may be damaged and serious impact on
traffic. We implemented a port status monitoring scheme to detect status of port
failures and pipe packets to another port. The throughput is investigated in two Ebond

modes. Performance resulted from software Ebond modules is the expectation of

approximation double.

Keywords: WDS, MAC Bridge, AP, Forwarding Process, Learning Process and
Relay
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(port) o # e i sl s (radio-link) # & (status) Fiu - 4

3t g i (accommodate) I fodetz ik 050 o

E 3 (port) (b4 NIC) i 2wk > Linux ¢ = #i2 4 (Bonding) #-
o VHRET A MBS 2R C
OF thiplFle * rt 25 @ E P> ARP e (4B 2-3 (b) @) #3 i ARP
request 4o ARP reply #&Jc 3P » 7@ =5 > FR 5@ AL pr o
O¥-tim= & (Media Independent Interface; MII) #% & & (status)
register » ™45 (indicate) # (port) (H]4cNIC) sl Gk ig - B &
(bonding) #reiiE#k & MII H & (status) registers: ¥

e B E A a3k (port) g B e

Linux % 5@ 0 MIT #e7 2385035 (port) SR o« h< @ »

PR M e nAEERGE > ¥ 2B (port) MK kR -

15



EWPMP s> 4 e (EMII) #%& (4r@ 2-3 (b)) @) & Examxmid (radio
link)# & » 5 e 350505 R 4p 7 (received signal strength indicator; RSSI)

% EMII module 2 # % 3 (port) vk i o+ 4% 454] (switching mechanism) 4t

W 2.4 &

&R+ 52578 (Radio NIC Driver) #cie (4cB 2-3 (b) ®)# & Rid
% (radio link) F i 4rf 5ls F;i:fﬁ 7+ (RSSI) »:@ # * £4c i3 5anm 3 power

kg B (radio link) &5 > @:E» EMIT #cle 23k (port) s

e

16



7> EWPMP #c#8 7% 4 > bonding case i #z4c ™

& B b A&

STA1 AP 1 AP 2 STA2
C.1. ARP request
—

C.2. Add Entry
[MACSTAL I:)()RTAPl.3]

C.3. ARP request
-

C.4. Add Entry
[MACSTAL PORTAPZ*]

C.5. ARP request
-

C.6. ARP Repl
< ply

C.7. Add Entry
[MACSTAZ! PORTAPZ.S]
C.8.Query Entry
[MACSTAL PORTAPZ*]

C.9. ARP Repl
< ply

C.10. Add Entry
[MACSTAZ: I:>ORTAP1*]
C.11. Query Enry
[MACSTAla PORTAPl.S]

C.12. ARP Repl
< ply

Bl 2-4 bonding case 7t 4, i

4 BB 1-3 e (configure) - 2= EWPMP } APl 4o AP2 ¥ chfs s
ﬁ’élg‘_ ’ API E"J’”PORTAPH ’ff' PORTAPLZ,.% @ (bond) = — TE‘ }i%ﬁi PORTAPI* o & ’Eﬁ ’ APZ
gl PORTAPZJ ’ff' PORTAPZZ “‘% @ (bOl’ld) = — TE‘ }i%ﬁi PORTAPQ* ° 'fﬂl«”‘ ’ PORTAPL{&@?%—

] PORTsmi1 v PORTwe 538 3 5] PORT sme1 © ¥ 2% B ehid ﬁa?]ﬁﬁi@ B4 L

17



# 2 C.1: STAL @ * R 3 (broadcast)™ ;*®ix ARP #H & (request) 3 & -

H2 C2: F APL 3l ARP 3RpF - v ¢ 34— B entry [MACsti ~ PORTwi 5]

TEpF AL E (filtering database)® -
# 3 C.3 : APl # ARP request i5 i PORTwi % i% ¥] AP2 o

H3 C4: AP2 #EERFTHE (filtering database)” #f+c - # entry

[MACstui ~ PORTw:']
#H3; C.o : AP2 # ARP request % i® PORTwzs % i 3| STAZ -
# 2 C.6 : STAZ » /5 ARP ¥ %% PORTsmer 3| STAL -

H3 CTHH3 C8 : § AP2-4zi] ARP. % B+ » v ¥4 — B filtering
entry [MACsmz >~ PORTwzs] °

#H3x C9 : AP2 w25 (forwarding process) #iE @ * p eps MAC =4t
MACsmi # 2 (retrieve) | PORTw: o AP2 #%-3% i PORTw: % i¥ (forward) ARP

reply I API -

#H 2 C.10 fo#% 3, C. 11 : § APl f=¥| ARPreplay p¥> v #3 4 @ filtering

entry > [MACsme ~ PORTwi"] ©

#H 2 C.12 : APl ehF 42 A (forwarding process) #iEi¢ * P i chNAC =

W 5 MACsmi ¥ 2 (retrieve) F) PORTwis o AP1 #-% i ARP reply ¥ STAIL -

18



Rk o B % maf (port) Ahdkie B § M (bridge-looping) £ #ut

(port-ambiguity) =R 48§ ¥ EE 24 > 4ol 2-4 ¢ Fun LinerT o

2.3 2 &£# ;% (Bonding modes)

+if EWPMP % ik &5 fE5% & (bonding) #3¢ 7 AL ERBER Y 3
%% (bond) &&#H (port) T ir#lm#3E (port;bond)) eife @@ﬂiﬂ T heh
g st (Bi-direction mode) ™ (e 2-5 (a)) > 3¢ @4 & EBond #iie
i %t PORT: (4- B 2-5 (a) ©) f=PORT: (4r®1.2-5 (a) @) 2 B ehix A F Ik
(round-robin) #ci - AW EFRF FHi? - do- FARGRA T ¥ -
WEAG AT s @ﬁi%l o ¥ w3 (Uni~direction mode) % {74¢ *
Master-Slave model » fiz & 4= 451 d Master AP (7 AP1;4c® 2-5 (b) D)2 >
E# PORT: #iFdte (4B 2-5 (b) ®)F d PORT:4%4c4t¢ ; & 2 » salve AP
(% AP2 ; e 2-5 (b) @) RIAE_PORT: % #4t¢ (4@ 2-5 (b) @)% o
PORT: #4zc#te - A i3pd (anticipate) #H w #;% (Uni-direction mode)
T hite AR (scheduling) &+ #3:% (Bi-direction mode) 4B+ > € 3 #&

et % (overhead) ©

19



Bridge TX 1 Bridge RX
=

p— | 1 —

e | Q)] )Y N]) DTY ) e——

S — —

3

3) -

- l l

LAN
LAN
Port Port
AP2

2 A

LAN

Port LAN

Port

le— i l'll(.l {| — le— F{(@—&(t—&ﬁ—({ﬁ- {| —
: Bridge RX : Bridge TX

(a) = ;¢ (Bi-directionmode) (b) ¥ = = #;% (Uni-direction mode)

B 2-5 EWPMP %2 & #3% (Bonding modes)

%3 BT gd B & W5 (bonding modes) ARt 3 ikdpit ¥ F <

Aot KB dte o 48 #5Y (bonding modes) #7358 iF — P 4o

1 static int Ebond_start_xmit(struct sk _buff *skb, struct net_device *dev)

2 {
3 const struct ebonding *ebond = netdev_priv(dev);
4 switch (ebond->params. mode) {

5 case EBOND_MODE_BIDIRECT:
6 return ebond_xmit_bi-direct(skb, dev);

7 case EBOND_MODE_UNIDIRECT:

8 return ebond_xmit_uni-direct(skb, dev);

9 default:

10 /% Should never happen, mode already checked */

11 printk(KERN_ERR DRV_NAME ": %s: Error: Unknown bonding mode %d\n",
12 dev->name, ebond->params. mode);

20



13 WARN_ON_ONCE(1);

14 dev_kfree_skb(skb);

15 return NETDEV_TX_FIAL;
16 }

17}

B 2-6 Bonding mode AJZ 4% 1%

7 3: % % ebond % T T 4K LR > Bk ter el H 3 R
L N &gl S
7 4-8: st % EBond #f w2 v fics¢ (Bi-direction mode) £ H = w fic

7 (Uni-direction mode) s * 5% » #-2_ 1Y @ﬂi%]#s‘:;“a‘itf#—ﬁf;vi

pd X 5
f
7 9-15: 4% % & $07¢ (Bonding modes) s i ® A 0 R B

Futa R T % 3 (port) Sk ERIZTE (scheme) iRl (port)
el ik fopipe #te 31 ¥ - B % (port) o & ¥ * % #5% (Uni-direction mode)
Too- ity (Link) @I @ERE o RRIEH e L Sk T e s
(Bi-direction mode) o M >Nk B T fraifmd TR0 AR 5 2.4 F 41U

o

21



2.4 # % E ¥ (Status Monitoring)
# &} »bonded # (port) g—h@ﬁ;-]? 124395 & EWPMP ¢ e B 2 (Link)
er R e B R 7 3o dopt TSR F 4w 4 o F ¥ i dg & EBond #-% (module)

(4l 2-3 (b) @) = EMII -2 (4Bl 2-3(b) @) 2 B T d T HIram o

# 3 1 : EBond #i-2 (module) # ¥ %# PORT=port # #5314 (message) #

# 7 EMIT #% (module) °

H 3 2 ¢ EMII #-2 (module) # * 4#4c¥|auf (port) 4 (port: & portz)
% %350 (index) #ysm smppe+ 54258 (Radio NIC Driver) #-&t& %

(retrieve) m &g+ (NIC) ;i o

# 2 3 ¢ EMII # (module) - icdismam NIC jh &7 i > T B w )

EBond #-i s up & down & i °

A g aByfEhe b g R NIC oy i o C BN 4B 2-T 0 3P 40T
OEMIT_STATE_UP %% 5 1> % 77 RSSI zt%3 B < **q2k & (threshold) -
©EMI1 _STATE_DOWN % % 5 0 % 57 RSSI 2t %55 & -] *> 92/ & (threshold) &

3¢ BiF4F(transmitted error) B3 ¥ @ iE 4w 9k & (threshold)

1 emii_status(struct ieee80211_port *port)

2
3 int tx_error;
4 int rx_rssi;

5 int w=0.5;

22



10

11

12

13

14

15

16

17

18

tx_error = port —> tx_error;

tx_smooth= ((w¥ tx_error)+((1-w)*tx_smooth_old));

tx_smooth_old=tx_smooth;

rx_rssi = port —>rx_rssi;

if ( rx_rssi > (rx_rssi_threshold + 5) )
return EMII STATE UP;

else if ( rx_rssi < rx_rssi_threshold )
return EMIT _STATE_DOWN;

if(tx_smooth >tx_error_threshold)
return EMIT _STATE_DOWN;

else

return EMII STATE UP;

7 3:

7 4:

B 2-7 EMLII Romiz 5978

T2 tx_error ¥ * REE T EMPEF SR BRI FIe @

[Pl

FEE o

T4 rx_rssi ¥k AEGFEARRTF BN R &
T ELAE R SPE o

A WE0LFLAEEET RiFL2HE tx_smooth &% T 450

Wi

s
B o

% MR+ SR f258 (Radio NIC Driver) firiei@w
tx_error 3¢ BiE4 DB T ¥ &K tx error ¢ o
i@ * tx_error 3¢ #4538 E fr tx_smooth_old 34+ - =

error * 113+ ¥ A=t tx_smooth &% T % niE o
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7 10-11 :

7 12-13 :

7 14-15 :

7 16-17 :

#-tx_smooth # =t @i T 4% enid X% A% ¥ tx_smooth_old
Bk TSt o

d & e+ Spd 4728 (Radio NIC Driver) #-le i@ w et BLag
B (RSSI) eniE ks ¥ #crx _rssi ¥ o

EMIT_STATE UP 4 p w283 & (RSSI) se»t2ugiss B
(RSSI) =gkt & (threshold) -

EMIT_STATE DOWN & # 4 #v 2 %i38 & (RSSI) *“ B3 B
(RSSI) eg@ft & (threshold) 33 -

F i BEEFEF O BESEEEHEA E (threshold) @ w
EMIT_STATE_DOWN ig -

Pl w EMII_STATE_UP eniE -

FHiE gty > F L4t a3 (port)- & _down ik iy (status) TF

¥ @ (port) s i 734k EBond 2 (module) * »t4p415% & 3¢

(bonding modes) #{ x> it #-pipe e FED ¥ - BE (port)
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swaaﬂsmmgoﬁ@%?&%ﬁ#ﬁ%mmaaﬂ%wag:ﬁ@ﬁ*i’
FOLRE R TFH P R AR 20%5 L8 - 802. 11a - 802. 11gEE AL E G
18~22Mbps * @ super a fr super g% ek € BT 07 26Mbps o 2 FRPIFE > @ * T

Al (L4 3-1)

# 3-1 A Wedtgx &

Hardware/Sof tware Model/Mode

STAl Dell D610
STA?2 Dell D600
Chariot V3.2 High Performance Throughput Script

Chariot %% d Ixia &% p » @& % ""/I\iﬁ‘J‘_!é_‘f@ﬁ"ﬁ%»'fiﬁ‘Z W/’J’]‘;E,—igl ?’éﬁ}?’?ﬁl E oo
)¢ o Chariot  iRl3#7k 3 ch 4238 - § 8 % £ 4 8 (endpoint) & @K%
(server) f=* =4 (client)-Chariot console % 2 . # = =8> * ri g 41pE

Yo 2 BT % o AT RIGEIER Y FRAeE (configure) 4rM@ 3-1 -3 ¥ f &

~ BIEAE N RRDPP B L B > @A S H E KK T o
25



Chariot
console

B 3-1 EWPMP Rl
& =Pl Chariot ¥ * » 7% TCP 5«1 & # #) megabits (Mbps) &3t
72 (Gl4ofCSTAL 31 STA2 e b3 (88T 52 »  (5]4cj_STA2 3] STAL 577
) o FXRFFEAFEF 2 S, IRERRE G LR - S T ;F_‘ﬁ*u Ebond

B fEHCEY 0 RIEF & WPMP & EWPMP @i ffircns et 2 -

4o® 1-3 ¢ > PORTwi1 4% 3] PORTwe1 - HEMER > ¥ 2 * 72 Jo il i
(channel; e.g., 802.11a) > PORTwi.2 #4573 PORTwe: % ¥ — @ Mg s » ¥
% ¥ - Biig (channel;e.g., 802.11g) - B 3-2 = ® 3-3 5 AP1 £ AP2
% A 4gpd (configure) E¥# ¥ v #5% (Uni-directionmode) #4 {7 fe
(configure) » APl % Master AP (4r® 3-2 ©O) - AP2 % slave AP (4@
3-3 O); APl shRadiol #-5 % # 1la (i.e., 802.1la) ZiFEH & 60 (4
B 3-2 @) > Radio2 #-:%i&# 11b/g (i.e., 802.11g) L FEH Z 120 (4v
B 3-2 @) -4pk a9k T e B >0 AP2 ¢ Radiol # Radio2 et & @ (4r
B 3-3 @Ffc®); d * PORTwi1 38455 PORTw21 > #7127 AP1 Radiol &2
(Nodes) Z $5 » PORTw2.1 577 MAC (4rB 3-2 @); F z AP2 Radiol & 2 (Nodes)
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E4 ﬁ%l » PORTwi1 1 MAC (S 3-3 @) ;3L > fe ¥ AP1 f- AP2 s Radio2 -

United Kingdom

eMastEr ~

Regulatory Domain:

Duplex Type:

WLAN Standard for Radio 1
Enable Radio 1

Mode: e 11a -
[

Channel:
WDS Settings: Setp
Advanced Settings: | Setp

Access Control: Setop

WLAN1 Current WDS Nodes
Name MAC Address

Security
EEE] 00-00-00-00-hb-33]  Mone

WLAN Standard for Radio 2
Enable Radio 2

Mode: 9 llgh w
Channel: 120~

WDS Settings: Setp

Advanced Settings:

WLANZ Current WDS Nodes
Name MAC Address Security
bbb 00-00-00-00- hb-44 | Mone

Access Control:

Bl 3-2 APl =it * & /i 5

Regulatory Domain:  United Kingdaom

Duplex Type:

WLAN Standard for Radio 1
Enable Radio 1

Mode: e 11a

Channel: B v
WDS Settings: SEfup
Advanced Settings: Setp
Access Control: Setup

WLAN1 Current WDS Nodes
Name MAC Address

Security
ot 00-00-00-00- a3-11)  Mone

WLAN Standard for Radio 2
Enable Radio 2

Mode: e 11gh w
Channel: 120w

WDS Settings: Setp

Advanced Settings:

Access Control:

WLAN2 Current WDS Nodes
Name MAC Adiress Security
ddd 00-00-00-00-35-22  Mone

Bl 3-3 AP2 ehig * H /i

EAPEY 3 T e fAle &7 BESE (802, 11a ~ 802. 11a) / (802. 11¢g ~

802.11g) / (super a -~ super g) / (super a -~ super a) o i EWPMP #c % il i

(channel) k@@ - 2 F3F > Fli 2 RERFEERCEFTILE o & *

(802.11a ~ 802. 11g) 4= (802.11a ~ 802.11a) # +~ = #H &

et ¥ & 40Mbps » fr

(super a ~ super g) # (super a -~ super a) ®_52Mbps [7]
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ufyzkwﬁﬁzk FenB ek § 4 WP 4o T

© d % 3-2 % 3-3 » %&7 H w8 (Uni-direction mode) frif= i
;¢ (Bi-direction mode)# (802.11a ~ 802.11g) &t & eiplid % -

© ¢ % 3-4 fv% 3-5 B+ H % #;¢ (Uni-direction mode) v @ w 3¢
(Bi-direction mode)#" (super a ~ super g) Bt & FUpEE % o

© d % 36 fv% 3-7 ¥+ H » #;% (Uni-direction mode) frgF 5"
(Bi-direction mode): (802.11a ~ 802.11a) & et & P38 % o

© d % 3-8 4r% 3-9 ¥+ H > » 3" (Uni-direction mode) v 55"
(Bi-direction mode)# (super a ~ super g) &t & upliE %% o d B 34

1rBl 3-5 ¥ A B AAH B ek B At R

g b af iR B edcdy de 1P e T
H » #i-;' (Uni-direction mode) Jp|z&:

© n (802.11a~802.11g) * = (uplink) # 7 7 (downlink) #wpl3 » 2 T

b
f&)ﬂ

vt ¥ § 36,32 Mbps » &% X 1,02 Mbps -

© t (super a -~ super g) * {7 (uplink) # * (downlink) #wpl3 » 2 T
395t ¥ 50,48 Mbps » &% % (.75 Mbps °

© n (802.11a~802.11a) * i (uplink) # * F (downlink) #wplz » H T
95t ¥ 4 34 Mbps > EH %X 5 4.64 Mbps °

© . (super a -~ super a) * {7 (uplink) # * (downlink) #wpl3 » 2 T

25§ 846,34 Mbps © &2 4& % % 6.65 Mbps °

e 3¢ (Bi-direction mode) Bl3#:
© t (802.11a~802.11g) + = (uplink) % * {7 (downlink) |z » # T
25§ 4 36.92 Mbps > & 4&# % (.57 Mbps -
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© t (super a -~ super g) * {7 (uplink) % T (downlink) #uplzd » 2 T
a5k & ¥.51.21 Mbps > &2 # X (.72 Mbps °

© t (802.11a~802.11a) * = (uplink) % T = (downlink) shplig » H T
25§ 5 35.35 Mbps - &% 1L 4. 42 Mbps -

© % (super a~super a) } i (uplink) % ® {7 (downlink) =pl3& » H T

2% 8 £.47.90 Mbps > &% % 6. 45 Mbps.

¥ v 5% (Uni-direction mode) frfF+ #-;¢ (Bi-direction mode) -

(802.11a~802.11g) 4= (super a~super g) * 7 (uplink) §=7 7 (downlink)
PlRET WIS SE o F oo i F A Y (Bi-direction mode) - H =

#3% (Uni-direction mode) £ F { ¥ crapday o 10 fs F1H & f550
(Uni-direction mode) ¥ 7 H - o (port) ¥ MiEH FiFite » Bk H
(port) #FE ™ ¥ - 3 (port) BE > mAEE+ 5L E T % o 48 bonding
30 Bl B A Dl Ap T fe BRI AR P b i (802, 11a~802. 11a)
fv (super a ~ super a) } i (uplink) % 7 7 (downlink) B[3& > & fAf5¢

(bonding modes) *“2#HF et L £ > Flid BT WAAIEF €403 F3f -

7 WPMP £ EWPMP #k %8 2 1‘]&” fi o EWPMP % 3~ WPMP & 10% 05L& » Fl A
& B ite B3 5| Ebond #rE2R € A de ik A 5 Rk 2 #7 » NICH 2 (retrieve)

TR r g ERELET
EBond % & $-ie ™ vt & 54 4 f3i4= % L AL £ (bond) # i el 4

+ 3 (interference) e 5 ecf P44 > ERLH T RFFHREL T hy - B3

o ﬁ;’?} A
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% 3-2 Channel A36-A60 (802.11a~802.11g) &« & (Mbps)

¥ v # ;% (Uni-direction

mode)

B st

(Bi-direction mode)

PC1 =PC2 Radio-1 (Band/Channel) Radio-1 (Band/Channel)
(Mbps) A36 Ad44 A52 A60 A36 Ad44 A52 A60
Gl 35.22 | 36.81 | 36.17 | 37.87 | 37.84 | 37.21 | 37.43 | 37.07
G2 33.31 | 37.52 | 35.41 | 37.22 | 36.67 | 37.58 | 36.18 | 35.76
G3 36.79 | 37.34 | 36.45 | 37.73 | 37.01 | 36.88 | 37.21 | 3b.27
= G4 35.92 | 37.09 | 35.76 | 36.21 | 36.77 | 37.16 | 37.77 | 36.29
E? G5 35.48 | 36.77 | 36.03 | 36.06 | 36.78 | 36.55 | 36.64 | 36.86
:E G6 34.46 | 36.58 | 36.07 | 36.66 | 36.55 | 36.90 | 37.59 | 37.12
g G7 35.21 | 36.94 | 35.93 | 37.47 | 36.82 | 36.34 | 36.49 | 36.05
éﬁ G8 36.46 | 36.53 | 35.29 | 37.09 | 37.85 | 37.83 | 36.78 | 37.49
% G9 36.64 | 37.07 | 35.99 | 37.42 | 36.63 | 36.09 | 37.77 | 34.31
< Gl0 | 36.34 | 37.33 | 35.85 | 36.05 | 37.75 | 36.00 | 37.42 | 36.94
Gll | 36.38 | 36.57 | 36.25 | 37.11 | 36.77 | 37.56 | 37.29 | 34.24
G12 35.76 | 36.67 | 35.36 [«37. 09 87.74 | 37.73 | 37.51 | 37.43
G13 | 36.44 | 36.61 | 36.04 | 36.32 | 36.00 | 36.36 | 37.67 | 36.34

# 3-3 Channel A100-A132 (802.11a~802:11g) & & (Mbps)

e i3t

(Uni-direction mode)

B 05

(Bi-direction mode)

PC1 =PC2 Radio-1 (Band/Channel) Radio-1 (Band/Channel)

(Mbps) A100 | Al16 | Al124 | A132 | AL00 | Al16 | Al24 | Al132
Gl 37.01 | 35.49 | 35.59 | 37.07 | 36.73 | 36.30 | 37.89 | 36.71

G2 36.26 | 36.98 | 36.36 | 35.76 | 36.85 | 37.53 | 37.64 | 37.82

G3 36.97 | 35.99 | 36.82 | 35.27 | 36.14 | 36.90 | 36.01 | 37.14

= G4 37.15 | 37.23 | 37.06 | 36.29 | 37.75 | 37.94 | 36.14 | 36.68
% G5 36.74 | 36.21 | 35.78 | 36.86 | 37.63 | 36.44 | 36.60 | 36.99
i G6 36.96 | 36.12 | 37.76 | 37.12 | 37.81 | 36.32 | 36.49 | 37.04
g G7 37.01 | 36.31 | 37.33 | 36.05 | 37.82 | 36.50 | 37.00 | 36.24
§ G8 36.67 | 37.11 | 36.76 | 37.49 | 36.31 | 36.10 | 37.20 | 36.10
;% G9 36.09 | 35.98 | 36.96 | 34.31 | 37.50 | 36.81 | 37.68 | 36.29
< G10 37.18 | 36.33 | 36.92 | 36.94 | 36.40 | 36.13 | 36.68 | 36.70
GI1 36.95 | 36.52 | 34.84 | 34.24 | 36.77 | 36.50 | 36.99 | 37.67

G12 36.45 | 36.32 | 35.46 | 37.43 | 37.65 | 37.23 | 36.96 | 37.32

GI13 36.98 | 37.42 | 36.76 | 36.34 | 37.25 | 37.48 | 37.18 | 36.91
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% 3-4 Channel SA36-SA60 (super a ~ super g) =&t & (Mbps)

He#50 B it
(Uni-direction mode) (Bi-direction mode)
PC1 =PC2 Radio-1 (Band/Channel) Radio-1 (Band/Channel)

(Mbps) SA36 | SA44 | SA52 | SA60 | SA36 | SA44 SA52 SA60

SG1 | 49.65 | 51.11 | 50.19 | 51.13 | 51.34 | 51.79 | 51.97 | 51.45
SG2 | 49.33 | 49.12 | 50.53 | 50.33 | 50.67 | 51.17 | 50.65 | 50.66
SG3 | 49.65 | 50.84 | 49.63 | 50.31 | 51.91 | 51.39 | 52.39 | 49.44
SG4 | 49.44 | 49.41 | 51.24 | 51.06 | 50.44 | 52.23 | 51.63 | 51.76
SG5 | 49.83 | 51.21 | 49.15 | 52.31 | 50.74 | 51.31 | 50.35 | 50.91
SG6 | 49.86 | 50.55 | 50.09 | 52.32 | 49.94 | 51.42 | 51.88 | 50.69
SG7 | 49.93 | 51.82 | 51.81 | 51.16 | 51.16 | 51.22 | 51.91 | 49.43
SG8 | 49.99 | 49.35 | 49.21 | 50.90 | 49.86 | 50.57 | 51.15 | 51.93
SG9 | 50.51 | 50.32 | 51.57 | 51.48 | 50.44 | 51.33 | 50.02 | 49.93
SG10 | 50. 03 | 49.42 | 49.88 | 50.46 | 52.41 | 52.10 | 51.39 | 50. 64
SGI1 | 49.83 | 51.21 | 49.15 | 52.01 | 52.34 | 52.40 | 51.86 | 51.53
SG12 | 49.08 | 50.97 | 50.23 | 50.79 (,,51.75 | 50.31 | 51.76 | 51.72
SG13 | 50.09 | 49.71 | 51.31 | 61.67 ,80.19- | 50.52 | 52.25 | 49.15

(Teuuey)/pueq) g-o1pey

% 3-5. Channel SA100-SA132 “(super a > super g) 5t & (Mbps)

H o0 >
(Uni-direction mode) (Bi-direction mode)
PC1 =PC2 Radio-1 (Band/Channel) Radio-1 (Band/Channel)

(Mbps) SA100 | SA116 | SA124 | SA132 | SA100 | SA116 | SA124 | SA132

50.92 | 51.82 | 51.43 | 51.45| 51.97 | 52.36 | 50.30 | 51.61 | 50.42
51.41 | 49.32 | 51.52 | 50.66 | 50.65 | 50.84 | 49.86 | 51.18 | 50.65
50.49 | 49.37 | 50.28 | 49.44 | 52.39 | 51.24 | 51.24 | 51.29 | 52.19
50.63 | 51.42 | 50.57 | 51.76 | 51.63 | 50.25 | 52.24 | 50.47 | 51.72
50.12 | 51.49 | 51.85 | 50.91 | 50.35 | 51.07 | 49.84 | 50.42 | 50.52
51.91 | 51.06 | 49.83 | 50.69 | 51.88 | 50.01 | 50.03 | 51.69 | 51.66
50.91 | 51.63 | 49.64 | 49.43 | 51.91 | 50.71 | 51.18 | 50.32 | 51.66
49.33 | 49.49 | 51.98 | 51.93 | 51.15 | 50.77 | 50.17 | 49.86 | 50.10
51.57 | 50.94 | 49.88 | 49.93 | 50.02 | 50.29 | 51.75 | 50.86 | 51.02
51.08 | 51.16 | 51.59 | 50.64 | 51.39 | 51.48 | 50.28 | 50.82 | 50.94
50.12 | 51.49 | 51.82 | 51.53 | 51.86 | 50.67 | 50.19 | 51.13 | 50.18
50.76 | 50.69 | 51.11 | 51.72 | 51.76 | 50.35 | 52.24 | 52.48 | 50.12
51.79 | 51.01 | 49.37 | 49.15| 52.25 | 50.20 | 50.06 | 50.00 | 51.42

(Touuey)/pueq) z-o1pey
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% 3-6 ¥ + #5;% (Uni-direction mode)(802.11a ~ 802. 11a)s& L& (Mbps)

H % # 3% (Uni-direction mode) (PCl- DUT1 ===DUT2- PC2), Two pairs with Tx+Rx

PC1 =PC2 Radio-1 (Band/Channel)

(Mbps) A36 Ad44 A52 A60 A100 Al116 Al124 | A132 | A140
A36 21.86 | 34.32 | 34.23 | 34.24 | 35.81 | 36.45 | 36.43 | 36.55 | 37.95

= Ad44 34.23 | 21.61 | 34.12 | 34.02 | 35.73 | 36.17 | 36.12 | 36.85 | 36.73
g A52 35.13 | 34.42 | 20.81 | 35.87 | 34.12 | 35.67 | 36.67 | 36.04 | 36.56
5: A60 35.34 | 34.32 | 34.34 | 21.12 | 34.34 | 35.27 | 36.45 | 36.43 | 35.43
g A100 36.26 | 35.34 | 35.65 | 35.87 | 21.57 | 34.45 | 35.76 | 35.69 | 35.45
§ Al116 35.53 | 35.28 | 36.67 | 36.65 | 35.34 | 21.74 | 35.02 | 3532 | 34.56
% A124 36.32 | 35.98 | 35.45 | 36.65 | 35.43 | 34.83 | 20.87 | 34.87 | 34.54
< A132 35.11 | 35.73 | 36.65 | 36.02 | 36.89 | 35.12 | 34.76 | 21.82 | 34.36
A140 37.12 | 36.64 | 35.92 | 37.12 | 35.82 | 35.59 | 35.23 | 34.59 | 21.39

% 3-T fEw58(Bi-directionmode) (802.11a~802.11a) 5L & (Mbps)

v #;% (Bi-direction mode) (PC1- DUT1 ===DUT2- PC2), Two pairs with Tx+Rx

PC1 =PC2 Radio-1 (Band/Channel)
(Mbps) A36 A4 A52 A60 | A100 | Al116 | Al24 | A132 | Al40

A36 22.78 | 37.91 | 37.03 | 37.23 | 36.72 | 37.29 | 37.35 | 37.69 | 36.54
= A44 37.41 | 21.49 | 36.17 | 37.60 | 36.18 | 37.43 | 36.83 | 36.56 | 37.73
g A52 36.36 | 36.39 | 22.85 | 36.04 | 37.66 | 36.61 | 36.00 | 36.70 | 37.84
i A60 37.15 | 36.32 | 37.36 | 22.42 | 37.80 | 36.03 | 36.83 | 36.13 | 37.13
g A100 | 36.81 | 36.60 | 37.73 | 37.86 | 22.82 | 36.59 | 36.37 | 36.21 | 36.02
§ Al16 | 36.97 | 36.79 | 37.39 | 36.23 | 37.65 | 22.78 | 37.13 | 36.22 | 36.63
% Al24 | 36.41 | 36.25 | 36.35 | 37.98 | 37.37 | 37.83 | 22.69 | 37.12 | 37.87
< Al132 | 36.52 | 37.18 | 37.48 | 36.57 | 37.18 | 36.64 | 36.34 | 21.79 | 36.43

A140 | 37.68 | 37.43 | 37.81 | 36.83 | 36.70 | 36.52 | 36.17 | 36.84 | 22.60
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% 3-8 H w #5;8 (Uni-direction mode)(super a ~ super a)&13 vt & (Mbps)

H % # 3% (Uni-direction mode) (PCl- DUT1 ===DUT2- PC2), Two pairs with Tx+Rx

PC1 =PC2 Radio-1 (Band/Channel)

(Mbps) SA36 | SA44 | SA52 | SA60 | SA100 | SA116 | SA124 | SA132 | SA140

SA36 | 28.97 | 45.23 | 47.42 | 48.76 | 50.23 | 47.24 | 50.73 | 47.76 | 49.13

SA44 | 44.84 | 28.33 | 48.23 | 47.35 | 48.53 | 47.64 | 51.33 | 46.82 | 51.42

SA52 | 49.85 | 48.24 | 29.25 | 46.34 | 49.23 | 48.75 | 52.45 | 47.87 | 50.23

SA60 | 50.23 | 48.23 | 48.92 [ 29.66 | 50.46 | 48.73 | 49.23 | 46.93 | 51.81

SA100 | 46.33 | 46.81 | 47.45 | 48.21 | 29.26 | 46.18 | 48.69 | 48.04 | 49.23

SA116 | 49.35 | 47.43 | 49.13 | 48.16 | 48.98 | 29.43 | 48.29 | 46.68 | 48.75

SA124 | 49.76 | 48.21 | 48.28 | 47.73 | 49.09 | 46.33 | 28.83 | 46.97 | 49.23

(Teuuey)/pueq) g-o1pey

SA132 | 49.65 | 49.48 | 48.23 | 46.06 | 50.23 | 46.72 | 48.12 | 28.34 | 48.81

SA140 | 49.81 | 50.34 | 48.58 | 48.86 | 48.99 | 48.44 | 48.96 | 49.23 | 27.95

% 3-9 g (Bi-directionmode) (super a~super a) =% & (Mbps)

v # ;% (Bi-direction mode) (PC1- DUT1 ===DUT2- PC2), Two pairs with Tx+Rx

PC1 =PC2 Radio-1-(Band/Channel)

(Mbps) SA36 | SA44 | SA52 |- SA60 | SA100 | SA116 | SA124 | SA132 | SA140

SA36 | 28.81 | 49.77 | 50.25 | 49:76.{-50. 1T | 50.76 | 50.94 | 50.95 | 50.82

SA44 | 50.27 | 29.78 | 50.38 150.74 |-50.23 | 50.12 | 50.93 | 49.95 | 49.74

SA52 | 50.41 | 50.84 | 28.56 | 50.32 | 49.53 | 50.38 | 49.76 | 49.92 | 50.85

SA60 | 50.60 | 50.86 | 49.79 | 29.89 | 50.95 | 49.62 | 49.92 | 50.00 | 49.99

SA100 | 49.75 | 50.55 | 50.62 | 50.42 | 29.57 | 50.65 | 49.61 | 50.56 | 49.66

SA116 | 50.01 | 49.65 | 50.88 | 50.43 | 50.43 | 29.17 | 50.75 | 50.76 | 49.95

SA124 | 50.68 | 50.13 | 50.11 | 50.76 | 50.96 | 49.77 | 29.84 | 50.08 | 50.54

(Touuey)/pueq) g-orpey

SA132 | 50.55 | 49.65 | 50.25 | 50.96 | 49.57 | 49.71 | 50.84 | 29.11 | 50.10

SA140 | 49.82 | 50.80 | 50.80 | 49.76 | 50.05 | 50.94 | 50.31 | 49.64 | 29.64
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