US008027326B2

a2 United States Patent (0 Patent No.:  US 8,027,326 B2
Shearer, 111 et al. 5) Date of Patent: Sep. 27, 2011
(54) METHOD AND SYSTEM FOR HIGH DATA 6,728,517 B2 4/2004 Sugar et al.
RATE MULTI-CHANNEL WLAN 6,853,804 Bl 2/2005 Kolls
6,895,310 BL 5/2005 Kolls
ARCHITECTURE 6,934,319 B2 8/2005 Subramanian
. 6,973,309 Bl 12/2005 Rygulaetal.
(75) Inventors: Daniel D. Shearer, ITI, Scottsdale, AZ 2001/0050926 Al* 12/2001 Kumar .......... .. 370/529
(US); Mark A. Webster, Indian 2002/0034214 A1* 3/2002 Okadaetal. ... ... 375147
Harbour, FL (US) 2002/0080063 Al* 6/2002 Bloebaum et al. 342/357.1
’ 2002/0118702 Al* 82002 Turneretal. ... ... 370/466
. . 2004/0116075 Al*  6/2004 Shoemake et al. ........... 455/41.2
(73) Assignee: Xocyst Transfer AG L.L.C., 2004/0228269 A1* 112004 Balakrishnan etal. ... 370/208
Wilmington, DE (US) 2005/0039208 Al* 2/2005 Veecketal. ... r 725176
2005/0073946 Al* 4/2005 Deyetal. ......... ... 370/208
(*) Notice:  Subject to any disclaimer, the term of this 2005/0094592 A1*  5/2005 Schmidt ... ... 370/328
patent is extended or adjusied under 35 3000150014 Al» 82008 Webstoraral. . 370208
g cobster et al. ...
U.8.C. 154(b) by 1077 days. 2006/0128302 Al*  6/2006 van Rooyen etal. ... 455/3.06
(21) Appl. No.: 11/033,524 OTHER PUBLICATIONS
(22) Filed: Jan. 12. 2005 Newton, “Newton’s Telecom Dictionary”, Nineteenth Edition, Mar.
' ’ 2003, p. 367, CMP Books, San Francisco, CA.
(65) Prior Publication Data IEEE Standard for Information Technology. ANSI/IEEE Std 802.11,
1999 Edition, Part 11: Wireless LAN Medium Access Control
US 2005/0180314 Al Aug. 18,2005 (MAC) and Physical Layer (PHY) Specifications, 528 pages.
Adopted by the ISO/IEC and redesignated as ISO/IEC 8802-
Related U.S. Application Data 11:1999(E).
(60) Provisional application No. 60/535,540, filed on Jan. ™ cited by examiner
12, 2004.
Primary Examiner — Jianye Wu
(51) Imt.Cl.
H04J 1/00 (2006.01) (57) ABSTRACT
(52) US.CL .. 370/343; 370/210; 370/480 A method and system provides a way to achieve very high
(58) Field of Classification Search .................. 370/208, data rate expanded bandwidth (wide band) WLAN operations
370/343,480  reusing existing single channel radio designs. The system
See application file for complete search history. provides a dual-channel form of operation for greater flex-
ibility and performance across multiple platforms. Further,
(56) References Cited the system provides adaptive anti-aliasing techniques for

6,438,115 B1*
6,526,264 B2

U.S. PATENT DOCUMENTS

82002 Mazuretal. .....c.cceee.n. 370/330
2/2003 Sugar et al.

- 3 Spectrums

CASE1
Two 802.11a

CASE 2
Filled-Gap
OFDM

CASE 3

Alternative Mode

OFDM

2

eliminating aliasing due to adjacent channel waveform
effects. These techniques mesh with existing systems cleanly.

18 Claims, 53 Drawing Sheets

Each Waveform

+ 52 OFDM Subcarriers
+ =48 Data Subcarrier
* + 4 Pilot Subcarriers

Fill gap between
2 “normal” OFDM
channels

Use all usable
0MHz—""" Points in FFT

Across 2 channels

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 1



US 8,027,326 B2

Sheet 1 of 53

Sep. 27, 2011

U.S. Patent

I 34NoI4
|0UO0D JIoMOd Jwisued ] D4l
ZHY/ balo uonoe|ag Aouanbai4 olweuAq :s4qQ
000°9 006'S 008'S 00L'S 009°'S 005°S 00¥'s 00E'S 002°S 00L'S 000G 006 v
« m ! m : w m m " m "
. OQ." M m L ddIT M J00pINO | : IdHI3 MW 00Z 200pY] | !
J1emod:x | : ! S I M i "
ueaw xepw ! ! ! W ! ” ! m “ ! adoing
n : i GeLS ! OdL®Sda [0S | 0SE'S | OdL®S4g 0SS ! "
m { dHI3 Mt JoopIno; : :
Jomod x| : ——— ‘ H vsSn
ead xe &8s | SeLS! : m !
L [ o P A ' | L k60'S  0E0S -
m m m m m | | | 0STs.. 081 | 000’ oasY
" T —— T T T T P A YA g
: “ ! W_[mccmr__m..MI_Z o.lw ] ” ! _ BUI4D
| ' 0ggg ! seL'S! ; _ R
" : ! " : _ 4 “ “ IEEIEIVTHI)
{mmmeeee- R P — Zosze— oo - BB ADCOI[Y -~~~ T sabary
! —— ! w ‘ : “ : ueg baig
| gz6G 528'G m i JEUIpIEpUElS m m m . o4dsa

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 2



o
ea
S
3 Z 3¥NolId
8 bax
< < A
v <}
wn
opey Jv 30\
opey VIS L~
3211708 |% 3/RTI'708 o_mmm VIS
M /e 11°208
g 0! omwam v OIPEY VLS \ Q\
S e . | 1
s /e11°T08 AETT 08 x Qq
2
wn
=
o
3 opey dV 1 opey VIS
& opey VIS 0 T
: . 3/e11°708 BT

e 3/e11'708 /e 11708
g A~ 7 A

B L

Q| | oW VLS OIPEH VLS | _ g0l

SeTrzo8 [\ R ol sTSSH ST A | Ferrzos |

U.S. Patent
|

Page 3

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001



Page 4

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

o
==}
S
ma € J4NSOId
S dv AV
2 [puuByD)-NMA
= AN

OPMQ Ne~U ompey

. S A |LPrerrees
£ <

: VLS MBMWNMM ey
- AV % % 3re11°708
2 ALGH || owed «;mm

/eT1°208

90z / V
= 8057 ]
) baay HO
00¢&
VLS q opey opey
XN [BRECS | Srer1-708 A 311708 A
uyy VLS

hos? foedrr  gog)

U.S. Patent



o
~m
2 ¥ 34NOI
er)
> 4
m, _A HIN O v_
o0 € <
Z NAAO
IPOJA AR BUIIY
S[PUUBYD T SSOIDY . SV
ragursyurod 7N 07
o Jrqesn [[e 3s) —
St t (4
N boyy " i NAA0
2 Ss[ouueyd .= . ded-pomd
NdAO (Jewaou,, ¢ ‘\.\\\\ casvo
= udamj)aq des g ZHIA 02
] [e———>
m. boxg mmU :~u
SILLIBIqNS JO[IJ b + BIT708S oM 1,
Ianaedqns eje(q 8y = TASVD

s1aLLIBdqNS WA JO ¢S * S UBYD XT OMT,
ULIOJIABAA Yo®H

swnJayoads ¢ .

U.S. Patent

Page 5

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001



US 8,027,326 B2

Sheet 5 of 53

Sep. 27, 2011

U.S. Patent

G FHNOIA

T WUAS T uig

Page 6

SUIYIIIMS IpoUl UIYM [uuey))
[eNPIATPUL ST 0} paun j,
SAR)S JIZISYIUAS yoey

S[PUURYd T SSOIDY

LAJ Ul sjuto g ||\\\\_\ |

a[qesn [Je 99) I |

NdAO
IPOJA QAN BUINY
€ HSVD

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

| AVQL (0]

baxj
S[ouuRyd
NdAQO JeuLIou,, g ||\\|\‘\
uddM)dq des 1] z

UQ.HM EU HD

den-pang
ZASVD

S URYD X] OM],

BII°C08 oM I,
I HSVD

swnuyd2dg ¢ .



US 8,027,326 B2

Sheet 6 of 53

Sep. 27, 2011

U.S. Patent

9 34NSOl4
£ (4 I
HO HD HO

S[PUURYD T SSOJIIY

Liquisjuiog ~—

2[(qeJIBAR [Je 9S()

HDO HD HD

- bayj

S[auuRYd

NAAO .Jewiou,, 7 |\\\\\

udamM}aq des 1 z I

GQ&.« EU HD HD

S UBYD X[ 93JY],

NAAO

IPOJA] PANBUIN|Y

INaA0
den-poqyg

MON

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 7



US 8,027,326 B2

Sheet 7 of 53

Sep. 27, 2011

U.S. Patent

8 34NOIid

. 34NOl4

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 8



US 8,027,326 B2

Sheet 8 of 53

Sep. 27, 2011

U.S. Patent

01 3d4Nold

PIIBJOIA HSBN
[exnoads

Jo-ypeg vd 4P 9
MIA wnadadg
e : Jduusued J, urey.) J3ulg

6 34NOId

Jjo-3ped vd 4P 9
PIA wnaoadg
JayusueL], urey) fenq

se
BN ST

[ex3dadg

e m——

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 9



Page 10

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

o

a

S

o

“

r~

o

= ZL 3¥NoId

N

=)

(o)

W

S

(=)

2

wn

m L 3HNOI1d

< ettt et ttteieleteieieieiuieisfeintstststsbslsbslslsly ' THD

& < m

£ !

2 7318 | “

< !

mem mu:---u---u-!.----:---:--------------------:" SHD

S.AdT O [BULION

ST XY J9PIQ 9 <S-----TTTTTTTTITTTT

U.S. Patent




g7
—an
5 &
=
8]
2 5
= =
S T
“ 5
~ o)
o @
= Z
oS S
= &
€l 3dNol4 >
T Rt 7.0 W R4 : fo)! baayg JAIJUI)) m\_nu
; Sa)
€ k z z
a-w H-Qh.w HD HD m
- I I m
[—} A~
Yo
g POJA [PuuEy)) [en(
baayg 19ud)
R et et tetaieielatetutale THD
S _ ¢ +— e z
~ PIS | baj HO
=, )
&

e mm&m_ Puuey) I3uIS l

U.S. Patent



o

A

o

o

NE

r~

o

<=

oo

oS 1 34NOId

= sttt ¢ THD ¢ I
" m HO H)
_ bayy _ |

1 !

. <

s

= SeusiS pXn

g [epedg omJ,

_ oo e | THO ¢ ( I

= “ “ bay % o i

N} _ _

% - |

e

&

[eudiS M g papuedxy xg

U.S. Patent

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 12



US 8,027,326 B2

Sheet 12 of 53

Sep. 27, 2011

U.S. Patent

Gl 34NOIl4

JudWIISBUR A
[090)0.1g u3isop Sunsixy

pPuuey) ren(q /

NwmmA

| LAd [ s.0av

815"

4 LA [+ S.OAV

[eudIS M g papuedxy xg

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 13



Page 14

91 34NOI4

US 8,027,326 B2

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Sheet 13 of 53

Sep. 27, 2011

sjasded apim puy ZHW 0p=< ZHI €1
[BULIOU U33MJIQ SUIYINMG [ qIUAS

udym dod xazisayjuAds oN

U.S. Patent



US 8,027,326 B2

Sheet 14 of 53

Sep. 27, 2011

U.S. Patent

vVd

vd

e

2l 34dN9I4
ZIHIN Ov=< ZHIN €1
Omm/ﬁ ................ ,ﬁ ........ ZHD |
Nw.m# x1 [ Hﬁm_w > S OVA —> Sdd'T iWTlv
Odd | [ram
g S OVAd — Scdd']
18IS X1 [ dpo [ m
f— H\_V ................ H ____fHD |
ZH 0b=< ZHIN £1

vd

uonewuInNg
vd-1sod

uogewWIuINg
Vd-3id

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 15



U.S. Patent Sep. 27, 2011 Sheet 15 of 53 US 8,027,326 B2

FEQ
FEQ

64pt | Tx
64pt | | Tx

IFFT
IFFT

FIGURE 18

LPF’s [« DAC’s [+
LPF’s [« DAC’s [+

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001
Page 16



US 8,027,326 B2

Sheet 16 of 53

Sep. 27, 2011

U.S. Patent

61 34Nold
baxj AH-NMV ™ _c
| [eusis
A¥ IV PPV pue defraaQ dsoduro)
baay TUSA
" T
dinQ — A AL [Puuey)H-qns
10ZISAYIUAS — 7  UCHORUSU0RY DV WED) pul
bard puz boxy  USH Usd-
S m f
SIdLLIBIQqNS nding — danggits D I#
NAad0O JJZISIYIUAS—7 UOINLIISU0INY DV Urey) X L] puueyY)-qng
bai g1

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 17



US 8,027,326 B2

Sheet 17 of 53

Sep. 27, 2011

U.S. Patent

0c F4NSOI4
den o
baxj ) ON Ty 0
| [eu3iS
M IV PPV pue def1oAQ dsoduro)
bay TUSH
" H
dinQ — AdAAGIAA pPuueyn-qny
19zZISAqIUAg —  UOHINISU0RY DIV WEYD) pul
baxg pu? bayy  USU )
m "

mding — AlAa _ T#
1azisayyulkg—7 UONINISUINY IV urey)) XL ] puueyY)-qng

bax g 1

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 18



US 8,027,326 B2

Sheet 18 of 53

Sep. 27, 2011

U.S. Patent

L2 34NSOI4
___.bay dep oN — I
i " T s
A o ue defraa o X 9jisodwoy)
A Ad IV PPV P 1940 Y
enxy Eutuﬂwﬁm
baxj N\mwu‘-:&}
- T H
L ! Litgast [PuUuURYDH-qNS
“="" uonONNSU0Y IVA WEYD pul
mndinQ \ baxj dsd LA (4 mm-
JIZISIYIUAS I [ Y
baig put mding — AaAAAMAAI T#
JIZISIPIUAG 7  uondINISUCINY JVA UIBy) XL, is[ pPuuey)-qns
bar g1

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 19



US 8,027,326 B2

Sheet 19 of 53

Sep. 27, 2011

U.S. Patent

€2 34NOI4

1 z0 £ vO SO

OE-
ST &

0z

wnideds isie-ang padeys

¢¢ 34dNold

@ALps >l (Fpg-n-sod) u

[
@8- 12158 1 = 0
ULy pog Ly (e

11+ m.s@ s
7

(zs

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 20



US 8,027,326 B2

Sheet 20 of 53

Sep. 27, 2011

U.S. Patent

HSEIN
[ex)dadS

BI1°C08

¥Z 34dNoOld
ysewr wnnoads jwsueil -
(zH) Somanbaig V4 - ~
0ot oc 11 3 6~ Zl\ 0t- \  0¢-
1 | |

(sjdmexa ue)
wunsadg readtg eardL]

(a1eas o1 10u)
Feujq wnanoadg pmeuei]

{gp) Lusua(g jendadg r3mog

SN LIBIUIJUON
vd Ad
pajeda)
uonao)sIq

vVd

Page 21

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001



US 8,027,326 B2

Sheet 21 of 53

Sep. 27, 2011

U.S. Patent

© giewmogng

G¢ 34dNOld

o [+14 (/4

T T L)

i ' '

1 1 L}

' ' 1

' ' '

' 0 )
L1 __a___
' ' 1

1 1 '

v 1 1

) ' '

' ' 1

! ' |

e et e e R R

1

1

1

'

)

i
e m e mm ==
1
i
)
A LT
I

B

N rexoadg

BLL°C08

S
1
1
[

T e e ke e - ———

- mmmhk - —— Q)

B

Ll
]
i
I
|

B et K]

*S_-_
=7
o
ey

I

e = md oL 4

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 22



o
=]
N
N
“
=
e
Ma 92 FdNOI4
w - 10412 uojiej|alsuon— 1.zt ainbi4
S v € 2 .-.. 0
L A S - °
o] " T d_ ' ¢
W, IS S I SN S TR
S 1 | 3
© S X L
= IS N I B FI—
3 ! R I -
= 1 -- o ( m..- i
7} e I P al |..!M... T e
" | i =0 {c "
----L--------r---M---L---- (r = %) [oquiAg [eap] Jo 1204 TEAfA
_ I A S LI (@ 1008 @ 1 1°D) 10quukg [eapy o
y— t et i v | ” [ ]
& “ TR (NAT) prurudery 103037 Jourg Y
) ) " H | 5 - ! \J
.M.. ¥ Jeweaang 100 " T'0p) (oquAs wemamseajy D
>
77)

SSaUIZZn  JUI0J UONB[[IISU0))
= INAH

U.S. Patent

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 23



m 1z 39NOI4
NG ZHIA 0p=< ZHI €1
S O,_v,_\ ........ ZHD |
2 _ oy Ll ova bl s &+ va —]
¢olIS m
m|l|lllll|lllll IlIII||I|I|IllIIIlI|IIIIIII|ll||.n.I|.I||Plllld..IlIIIIIIIIIIIIIIIIIIIIIIIIIIIlII.H.IIIIIIIIIIIIIIII...IIIIII!.NIIIII|||l|I||||P“_ = o MH “EE:@
| OdA | [ Laa m BUUUY-)SOJ
e sl xp [ e [ SOVA ST GV
e e Wi T w2
f ZHIN 0p=< ZHIN €1
- ZHIN Op=< ZHIN €1
R e T N A THD |
P Odd | |ram ! L

uonewuing

A Vd-150d

kL Pl e P sova (st - va —
+
|1

U.S. Patent
s

Page 24

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001



US 8,027,326 B2

Sheet 24 of 53

Sep. 27, 2011

U.S. Patent

8

s

e P
D Y

P Ny

¢ 34noid

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 25



US 8,027,326 B2

Sheet 25 of 53

Sep. 27, 2011

U.S. Patent

0S

e
-

e e e e m ek e

i
[
t
¢

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 26



US 8,027,326 B2

0€ 34NOIl4d

Sheet 26 of 53

vVd

Sep. 27, 2011

U.S. Patent

Page 27

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001



US 8,027,326 B2

Sheet 27 of 53

Sep. 27, 2011

U.S. Patent

LE 3HNOIH

feubig o] °

; i ;_m:m_m 1eddn g 1omo

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 28



US 8,027,326 B2

Sheet 28 of 53

Sep. 27, 2011

U.S. Patent

‘o2

¢ 3dNOI4

. ZH bay
074 1]

reubl feloL

_mcm,ww soddn % 18mo

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 29



US 8,027,326 B2

Sheet 29 of 53

Sep. 27, 2011

U.S. Patent

€€ JUNOI
I10)BIdUIL) [eudIS XY 10)B.19UDY) [BUSIS X,

ZHIN 0Z ZHIN T6 ZHIN €1  ZHIN 0b=<

Page 30

—— I SR _ wo | |

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Js.oqy k| sad1 levf S.AdT |« SOV e wmmwm
IPIAIQ

JI9pJIO0 9
o I IIIIIZIIIIIIIIIIIIIITIIIoIoIIIIooomnmonnt +
S Ad'T . .l% %I

<+ SOAV [« I3pIo 9

e
- ~
-
- Sea

Ses
S

S e m—-—=T

/ [BO1LID) JON
(ZHIN 08
J0 ZHIA 0 “3°9)
13Y31Y 10 ZH 0T



US 8,027,326 B2

Sheet 30 of 53

Sep. 27, 2011

U.S. Patent

e 34NOId

1
1

- — e m - - ¢

: ,..NIﬁ
1L g0l 9'0L tOL. 20L' Ok
u ' i i i
1 ! ' 1 1
vy
T r a-
i

I
|
|
--

_——— b LT

MBZHW 26+ &

b
]
|

e e B R e e Bl

_

yLoMIBNING JBpIo Y19
s N A”sz. s : L

e,
e

ZHN

: zt@imﬁ:m‘ 48pI0 Yig

< mnun< —— I9pIo 9

ZHIN 0T

ZHIN T°6

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 31



S¢ 34NOIl4

Page 32

US 8,027,326 B2

Sheet 31 of 53

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

S.Ad'1
J9pio 9

Sep. 27, 2011

Pl

ST RS EEEEEE Mg AM
; S Ad'1

A| mmom< il JapIo 9

U.S. Patent
>
_is)



US 8,027,326 B2

Sheet 32 of 53

Sep. 27, 2011

U.S. Patent

9€ 3d4NOId

oL 8 g

jeusis 1addn wory

T
1
'
1]
-
|

7

reudis saddn uros g
" IO M OpUIAL -

s fa iR s

valoisiq g reuBigiaddn

(191399 5393)

A]q RIIPISUOD SUDJBIM
suiserfe ay) (ZHIN 08
I0 ZHW OF “3°9)

S DAV er-134 31y 10 4

llllllllllllllllllll

I o .8 [¢1°

O-1 [0 AOPULA T

- -

i
I
'
)
)
P S
t
1
1
1
L - — -

1s 1addn L—Eh !

T 7 ieytis1addn doy

0s-

/

...... 7447 -1 -uottodwrda-pasery s

o

Se-

og-

ap

ge-

oz-

>,
Ll

G-

N
- V/F.r Ot-

+; uoiuolsiq @ jeublg Jamon

S.Ad'T
I9pIo 9

S Ad1
I13pio 9

ANS ozauo&o{on: paseq
pasn 3q pmod 3uipeo] Jig

IPpuAlq

‘Surpadued seije INOYNAA

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 33



US 8,027,326 B2

Sheet 33 of 53

Sep. 27, 2011

U.S. Patent

st

- S.
< SOAV (| o]
3NS 24153y uodn paseg N NTNTRITNIISIIIIISIIIIIII
pasn aq p[nod Surpeo| Ny m . S Ad'T
‘Gurpeoued serpe INoYNAA 1 S50AV .va..o 9

€ 3dNOld

# 1e1seoqng

06-

o8-

04-

09-

ap

oml

Ob-

og-

‘SA :sm.m_w._m\soq / .

ol-

puald
andg

A

SuIsery
Aq pasne)

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 34



o

2

=

m, 8¢ YNNS4

= SIILLIBIQNS

oo

i [eusis aaddn

o

- T 1 N S

W,

S U3 N O

A e A NI I NI 2§ 2 N Al e

-t

o Y R T S U AU D

O I A AR R e I 1| 3 R0 TR

h 1

S A vEETEEEEEERdiiieE 1 e S

G AV Y A B E I N ol e i

o I O Y SRR N S

<>

S ETU Ty TTTTTTTTTTITTIINN Y e N

-/9 ||||||||||||||||||||||||||

Lo I A I Lacai- NI GEEEEHEEEEH VT 4§ B ey TS

Dol lllllllllllll

W

2] AN . S
100 180 feublg samoy-

- pavAsod | (. IAV-21d

S. DAV ZHIA 0T 0jul 33sjJo Aouanbauj oN

U.S. Patent

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 35



M 6€ 34NOI4
W sjuduoduro))
m, JILLIBIqNS
Sl
paaisapup)

%uD“.. SelY —=1 v ___ o __________ m

TN b sjuduoduro))
LLIBqNS
‘‘‘‘ | palIsa(q

JAV-1sod

U.S. Patent

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 36



US 8,027,326 B2

Sheet 36 of 53

Sep. 27, 2011

U.S. Patent

0¥ 34NOI4

.

- dy

- O
s hnd
"

——L___
{
1
3
*¢

'
1
1
J
1
[
1
1
Ly 0y P

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 37



US 8,027,326 B2

Sheet 37 of 53

Sep. 27, 2011

U.S. Patent

S

7318
surseny-nuy .7

-

JUTOY0)) Tl

L 34NOI4

+~—— OHA [+ + [«

I81S

g N ]
AT AT T o T T T T TN T T

1
il et
1 U 1 1 1 1 _/
i i R R e il e B
| | ' | I ) '
YT SN0 NS B Lo Lo
1/

||||||||||||||||||||||||||||||

e

uni0is] g s seddn

S Ad'T

apulq
andg

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 38



US 8,027,326 B2

Sheet 38 of 53

Sep. 27, 2011

U.S. Patent

e¥ 34NOI4

ZHIN €1  ZHW 0b=<

o | |

baij
193110))
~axd

WK& m?m.nmd < PUQQ

ST

IPIS

A .fmf S AdT [« S.OVA
tHD \_, \._/

ZHIN €1 ZHIN 0v=<

baig

JWSURBL T,

132110
IEA_”

2 34NOid

ZHIN 07 ZHIN T'6 2190

ScAdT
S OAdV [« 13pa0 9

lllllllllllllllllllllllllllllllllllllllll

IIIIII

||||| ' RV |

b i
J VI

PpnIq

ScAdT
<« S.O0dV [« h@mﬁoc :
\_/ \—/ PaAI)!
baig + |
ZHIN 0¢C ZHINT6 €HO !

llllll

A
PIS

IATIINY

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 39



US 8,027,326 B2

Sheet 39 of 53

Sep. 27, 2011

U.S. Patent

Page 40

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Pt IUNOIL
ZHIN 0T NH.:\H ral
— OAa 1 /,_\ .............................. |
g1 | LA S AdT i
oIS 1dp9 1 SOAV ¢ A3pI0 9
sdey ydepy  1_ _\J/_, ,J T —_
0] J0JIT _w %m
yoeqpalsyg e
, LA S Ad'T _
«— Odd g [ SOV | sopio g [+
I31S e e \_, ................ IS



US 8,027,326 B2

Sheet 40 of 53

Sep. 27, 2011

U.S. Patent

G¥ 34NOId

S Ad'T
13pio 9

llllllllllllllllllllllllllllllllllllllllllllllllllllll

g 108 L4
I 1dp9
|
|

AL
«— OAd ydp9
I31S

ZHN 07

S dd'T
J3PIO 9

ZHINT6

uowuo))
SI3SION

PuUIq
Ing

. JUBUTWO(]

VN1

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 41



US 8,027,326 B2

Sheet 41 of 53

Sep. 27, 2011

U.S. Patent

——— .

2

sely ——
penseq —

..... ~mdino )
o oav LR

I
1
L
[
— - -
1
4
T
T

uolIoIsi(y. § [eudis 1Iemon

9% 3dNOId

JUAQT

sl

T# IABI[IU]

GEM }

T QUASTT
IIMO]

baxy v

TH# QUAST]
Jaddn

T# SABI[INU]

T# JUASTT
IIMO0]

T# JuAds|
Jaddn

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 42



US 8,027,326 B2

Sheet 42 of 53

Sep. 27, 2011

U.S. Patent

J0)RIIUIN) [RUSIS XY
ZHNOT  ZHIN 6
| @ s,
- 50V [« h@wmmw
m S Ad'T
-+ 5%0AV [+ ._omzcw
ZHNOT  ZHINT6

1P 34NOId

10)RIUIN) [RUSIS X I,

ZHIN €T ZHIA Ob=<
. THD /ﬁ /—\
v LI
%@f SAdT [« S,V Wdpo
AR
redginp g SAdT [« SOV e 140
¢HD \ﬁ %
ZHIN €1 ZHWN 0b=<

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 43



US 8,027,326 B2

Sheet 43 of 53

Sep. 27, 2011

U.S. Patent

8% 34NOId
ZHIN ST
) g

€ [4
th.u HD HD

S[oUURYD 7 SSOIIR

Lagguispuiod =~ Zmaor

J[gesn [[e 3s) [« >
bo. 1y —mmU ENU

(sed ZHIA (7 03 AIDbJ)
drqissod se I\\\\\A
yonuw se des [[1q ZHIN ST

S [QUUBYD X] OM,

NAAO
IPOJA PANBUIIY
€ HSVD

INAAO
den-poayng
ZHASVD

SIT'T08 OM T,
I ASVD

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 44



US 8,027,326 B2

Sheet 44 of 53

Sep. 27, 2011

U.S. Patent

6 3dNOI4

A ZHIN ST
aung,

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 45



US 8,027,326 B2

Sheet 45 of 53

Sep. 27, 2011

U.S. Patent

0G 34NSI4
bagy Qﬁw " 0
_ [eusIS
A IV PPV pue deproaQ asodwo)
baxy USA
n H#
mdinQ — v AAAAAL [puueyn-qng
12ZISAYUAg — 7 UOHINISUONY DV UITYD pul
bax g pul \\\ baxj rédid | asd-
, m “
SIILIIBIqNS mding —_ M \ 1#
INAA0O JIZISOIUAS 7  UONONISU0IRY JV WIEYD) XL, »s] [puueyn-qng
ba1g 1

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 46



US 8,027,326 B2

Sheet 46 of 53

Sep. 27, 2011

U.S. Patent

LG JdNOId
baay X 0
! [eusis
A IV PPV pue depzaaQ sodwo)
boxyy TSH usu-
| “ ¢
— AMJAMA I [puuey)-qny
7 uopdINNSUORY IV WD pul
mding
IIZISAYJUAS baxg sy si-
—Uam HEN _ T
mding — Mdgsh . T#
JIZISQYUAS—7  uopdNsSuodsy DV Wey) X, [ [puueyy-qng
bax g ,sT

Page 47

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001



US 8,027,326 B2

Sheet 47 of 53

Sep. 27, 2011

U.S. Patent

Y

+—— <
31g odd
susev Uy
TETED (10 N
‘|
18IS

!
oIS ¢ fubls sddn

¢S Jd4NOId
ZHI 0T
%ww I soav
%ﬂw | SOAV
ZHIA 0T

ScAd’T
I3pIo 9

Scdd'1

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 48



€6 34NolI4

syuduoduio))

US 8,027,326 B2

Sheet 48 of 53

Sep. 27, 2011

REIAR AT
SV

ot 8
. T

........................... L s paaisopu()
...... mr IARER inl
__ TR
....... T
) A 4
" 1 4
............ 1rr 117"
! ! A\ ¢
L= L sjuauodwo))
\AAAL REIRRLATI]ITS

- uoiwoisig 3

U.S. Patent

P211S9(Q

JAV-150d

Page 49

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001



US 8,027,326 B2

Sheet 49 of 53

Sep. 27, 2011

U.S. Patent

Odda

G 34NOId

Oda

A10)SNY

SB[V -Duy
JUATIO)-UON

Scdd'T
I3pI0 9

dandepy

\

Juseny-nuy

SUISeI[e [euonudju]

Scdd'1
I3pIo 9

IpuIq
amd

Page 50

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001



US 8,027,326 B2

Sheet 50 of 53

Sep. 27, 2011

U.S. Patent

GG 34NOI1d

S.Ad1
I13pIo 9

«— 044
Z81S seny-puy
JUAIYO)D)-UON]
<« Om— 1 aandepy
I31S \ AR
Jurseny-nuy

UuISeI[e [euonuajuy

Scdd'1
I9pIo 9

puIq
amJ

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 51



US 8,027,326 B2

Sheet 51 of 53

Sep. 27, 2011

U.S. Patent

OdAa

LAA
1dyp9

96 FHNOI4

G |

LAA
1dp9

ScAd'T
I9pI0 9

IpuIq
amd

VNI

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 52



US 8,027,326 B2

Sheet 52 of 53

Sep. 27, 2011

U.S. Patent

|
r
1
T
1
1
|
T
!
b
)
T
)
{
)
T
)
)
!

Y

s
-—-ad

o
--q
--45

UOIUOISI] P (RUBIS Jema]

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

Page 53



Page 54

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1001

&
2 85 IHNOI
NE - 21w bay
T~ 2o 0w
2 T T T T
< L AN
oo Il et el Z ol sl Ve s
D T ; 4 RPN S N S ’
1 Ll 1 1
U ] 1 i [l
(T Uy Ny I N Pt
1 ' ( "
' ] | [
-ir,?_r‘I"!:”----"-/.,-
1 1 i 1
[ R S
) 1 1 1
] ] i 1
P, _I|l|_||'|_llll_|lll
I ' | 1
Ll Ll 1 1
3 Ill_ III_IIII_I'Cl_Ilil
Vel A " '
en FAPE S S
W,
< LA
[P] .. uonoisiqg g eubis Jomoy
=
wn
s ZHW bey
9 14 [ o c
— 0 ‘ | ) ,
1 1 L] L} . )
S A NG
. B . S I N
~ ( .\\ 1 | 1
™ " I " '
S S [ T Y N SN 0 AN Y R B A | S TR RN 2= L - t.c i N [ -~ i+ NP 4 e T AIIIW\.IIII_IIII_IIII_
p 1 + \.u ) ] Ll
) | [ S S A B |
e r IR D
1 ranl 1 1 t ]
L St % ' ' '
' B [
| ( ' 1 ( |
| 1 1 ] 1 '
' S U5 S bt __
- 1 L} L} 1 1
1 1 L 1 1 ]
] AN __V___1
I | 1 ] i ]
. I ' ' I ,
1 1 1 1 Ll
1 1 () STTTAT T TR T T Tt T g
I ' '
1 1 L} ]
uoBISI B [eubls sedd

U.S. Patent



US 8,027,326 B2

1
METHOD AND SYSTEM FOR HIGH DATA
RATE MULTI-CHANNEL WLAN
ARCHITECTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Provisional Application
No. 60/535,540 filed on Jan. 12, 2004, and entitled “HIGH-
DATA-RATE MULTI-CHANNEL ~ARCHITECTURE,”

which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to wireless communications,
and more particularly to a method and system for high data
rate multi-channel wireless communications.

BACKGROUND OF THE INVENTION

Theinvention and its various independent aspects, uses and
objects are particularly useful and beneficial in the field of
wireless communications, including in Wireless Local Area
Networks (WLANs). Wireless devices often are deployed in
environments that are electrically noisy and not optimal for
wireless communications. For example, most homes and
work places include many electronic devices resulting in an
electronically noisy environment that may interfere with
communications, such as microwave ovens, garage door
openers, radios, television sets, computer systems, etc. The
communication medium between wireless devices may
change constantly. Most environments include multiple
reflective surfaces and corners, creating multi-path noise.
Also, movement of items or devices or the like, such as hands,
bodies, jewelry, mouse pointers, etc. or activation of elec-
tronic devices, such as cooling fans or the like, affects the
overall wireless communication path and potentially
degrades wireless communication performance. Organiza-
tions, such as IEEE, have drafted and implemented standards
to facilitate deployment of and enhance the efficacy of wire-
less communications systems and components.

The Institute of Electrical and Electronics Engineers. Inc.
(IEEE) 802.11 specification falls under the IEEE 802 family
of specifications for Local Area Network (LAN) technologies
and is in essence a link layer that uses IEEE 802.2 Logical
Link Control (LLC) encapsulation. The IEEE 802.11 speci-
fication includes a Media Access Control (MAC) sublayer on
top of 802.11a/b/g physical layers (PHY) and represents a
family of standards for wireless local area networks (WLAN)
in the unlicensed ISM bands of 2.4 and 5 Gigahertz (GHz)
bands. The IEEE 802.11b standard specifies a high rate direct
sequence spread spectrum (HR/DSSS) with a chip rate of 11
Megahertz (MHz) and defines various data rates in the 2.4
GHz band, including data rates of 1, 2, 5.5 and 11 Megabits
per second (Mbps). The IEEE 802.11a standard defines dif-
ferent and higher data rates of 6, 12, 18, 24, 36 and 54 Mbps
in the 5 GHz band. It is noted that systems implemented
according to the 802.11a and 802.11b standards are incom-
patible and will not work together. The IEEE 802.11¢g stan-
dard is, in essence, an extension to 802.11b that broadens data
rates to 54 Mbps within the 2.4 GHz band using OFDM.
Because of backward compatibility, an 802.11b radio card
interfaces directly with an 802.11g access point (AP) (and
vice versa) at 11 Mbps or lower depending on range.

A radio configured in accordance with IEEE 802.11a or
802.11g standards employs Orthogonal Frequency Division
Multiplexing (OFDM) modulation in which a stream of data
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is transmitted over multiple small frequency sub-channels. In
the OFDM configuration, multiple sub-carrier signals are
incorporated within each OFDM symbol. Data is incorpo-
rated on each data tone using a selected modulation scheme,
such as Binary Phase Shift Keying (BPSK), Quadrature PSK
(QPSK), 16 Quadrature Amplitude Modulation (QAM), and/
or 64 QAM. Each of the modulation schemes employs a
corresponding constellation map with variable constellation
points corresponding to a corresponding variable number of
bits for achieving the various data rates. For example, BPSK
is used for 6 or 9 Mbps, QPSK is used for 12 or 18 Mbps, 16
QAM is used for 24 or 36 Mbps, and 64 QAM is used for 48
or 54 Mbps. The encoding process employs a quadrature
generation technique and provides in-phase (1) and quadra-
ture (Q) signals on respective I and Q channels.

The IEEE 802.11a standard employs OFDM using 20
megahertz (MHz) wide channels in the 5 gigahertz (GHz)
radio frequency (RF) band. Also, by way of example, wireless
standards based on using OFDM with 10 MHz channels
include the IEEE 802.11j standard for use in Japan and the
DSRC standardization (Dedicated Short Range Communica-
tions). DSRC is a communications approach to allowing short
range communications between vehicles and the roadside for
a variety of purposes, such as electronic toll collection, inter-
section collision avoidance, transit or emergency vehicle sig-
nal priority, electronic parking payments, and commercial
vehicle clearance and safety inspections. IEEE 802.11j (or,
“115)and DSRC have both described achieving OFDM with
10 MHz channels by using a clock at one-half the rate the
802.11a OFDM clock, or 10 MHz kernel sampling.

IEEE 802.11n standard has been proposed to provide
higher throughput and calls for rates of at least 100 Mbits/
second. This performance would be measured at the interface
between the 802.11 MAC and higher layers, rather than at the
PHY layer, to evaluate the net data rate experienced by the
user. The net data rate in WLANS is significantly affected by
sources of overhead within the 802.11 protocol, e.g., packet
preambles, acknowledgements, contention windows and
interframe-spacing. As a result, for example, although the
802.11b standard specifies a peak physical-layer rate of 11
Mbits/s, the typical net peak delivered is 5 to 6 Mbits/s. Also,
although the 802.11a and 802.11g standards specify a peak
PHY data rate of 54 Mbits/s, the typical net peak delivered is
20 to 24 Mbits/s. Accordingly, the 802.11n high throughput
standard represents a four- to five-fold increase in actual
throughput over that achievable with 802.11a/g. 802.11n
specifies backward compatibility with legacy 802.11a/g
deployments.

IEEE 802.11 networks typically consist of four physical
components, including a distribution system, access points
(APs), wireless media, and mobile stations comprising a
basic service set (BSS). The mobile stations of a BSS are
computing stations, such as notebook computers, PDAs,
mobile telephones and other network devices, e.g., printers,
facsimile machines, scanners, copiers, hubs, routers,
switches, etc, that communicate with each other across one or
more APs, which in turn communicate with each other over a
distribution system. The communication between the BSS
stations and the APs may form a basic service area (BSA) and
occurs over a wireless medium. The communication between
the APs and each other and the distribution system may be
over a plurality of communications media, including wireless
and wired media. The APs essentially perform a bridging
function. Further, the distribution system may comprise or be
in communication with a plurality of communications sys-
tems over a plurality of media. Also, within the realm of
802.11 is an independent BSS wherein mobile stations com-
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municate directly with one another. Accordingly, the smallest
802.11 network may consist of two mobile stations commu-
nicating with one another. Also, multiple BSSs may be linked
together to form extended service sets (ESSs).

In operation, a short training period is typically included at
the start of each transmission, including Short Syncs and two
Long Syncs (LS) appended at the front end of each transmit-
ted frame. The Long Syncs provide a reference amplitude and
phase for each of the active subchannels. The Long Syncs
may be averaged together to reduce the noise in the received
reference values. After the Long Syncs have been received,
each sub-channel received symbol is multiplied by the inverse
of the reference amplitude and the conjugate of the reference
phase (when expressed as a complex unit vector) for that
sub-channel. This removes most of the amplitude and phase
distortion that has occurred between the transmitter and the
receiver.

Optimum soft-decisions should be Signal-to-Noise Ratio
(SNR) weighted. The Long Syncs have been used to generate
LLR (log likelihood ratio) weights to correctly weight soft-
decisions going into an error-correcting decoder, such as a
Viterbi decoder or the like. Given a flat noise floor, the use of
LLR weights translates into a signal-power weighting. These
LLR weights have been the signal power determined in each
sub-channel of the Long Syncs. Using the LLR weights
improves soft-decisions and reduces transmission errors.

A first problem is that the received reference values are
usually degraded by noise, which is an unavoidable conse-
quence of radio transmission. The reference information pro-
vided during the training phase (e.g., in the Long Syncs) is
known by the receiver, so that a significant amount of this
noise can be determined. A second problem, however, is that
the signal amplitude and phase distortion may change over
time, from the start of transmission of each frame to the end of
the frame, making the initial channel estimate information
obsolete and inaccurate towards the end of each frame. Both
of these problems increase the probability of error when
receiving a frame, due to both signal equalization errors and
soft-decision weighting errors.

Legacy radios were designed with several assumptions.
The channel was assumed to be relatively stable. The frames
were bursty in nature and relatively short, so that it was
assumed that the wireless channel did not significantly
change over the duration of each frame. The initial channel
estimate information determined at the start of each frame
was assumed to be sufficiently accurate for that frame. Pres-
ently, however, there is a greater emphasis on mobility and/or
accuracy. Mobility results in a changing environment that
could result in significant changes in the channel during each
frame. Even in a stable environment, improved accuracy can
improve transmission speed and enable a higher transmission
rate with a lower packet error rate (PER). It is desired to
improve channel estimation to enable mobile application and/
or higher transmission rates.

SUMMARY OF THE INVENTION

The present invention provides a way to achieve very high
datarate expanded bandwidth (wide band) WL AN operations
reusing existing single channel radio designs. The invention
provides a dual-channel form of operation for greater flex-
ibility and performance across multiple platforms. Further,
the invention provides adaptive anti-aliasing techniques for
eliminating aliasing due to adjacent channel waveform
effects. The techniques of the invention mesh with existing
systems cleanly.
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The invention provides the following benefits, among oth-
ers. One aspect of the invention minimizes required radio
redesign by allowing greater use of legacy devices in 802.11
systems. Another aspect of the invention minimizes radio
requirements associated with such systems, for example, for
two parallel channels only 6” order filters are required as
opposed to 107 order. Another aspect of the invention pro-
vides maximum radio flexibility, for example, Transmit (Tx)/
Receive (Rx) in one or more channels to one or more radios.
Another aspect of the invention defines a high data rate mode
of operation to mesh cleanly with existing and future IEEE
802.11 systems, for example, to allow operation at both 2.4
GHz with 25 MHz channels and 5.8 GHz with 20 MHz
channels.

An embodiment of the present invention is directed to
concatenation of two (or more) channels using parallel trans-
ceivers at the transmit and/or receive end. Another embodi-
ment of the present invention is directed to transmitting and/
or receiving two channels to two different radios, or to a single
radio thereby increasing data rate to the single radio. Another
embodiment of the present invention is directed to being
extensible to multiple channels. Another embodiment of the
presentinvention is directed to an adaptive anti-aliasing func-
tion in the receiver. An embodiment of the present invention
is directed to creating very high WLAN data rates that may
not be supported by IEEE 802.11a/g. For example, the high-
est data rate for 802.11a/g is 54 Mbps. An exemplary tech-
nique may include channel concatenation, where multiple
802.11a/g channels are combined thereby expanding band-
width and data rate. In general for conventional systems, a
new radio must be designed that up-converts or down-con-
verts the wide signal as a unit. An embodiment of the present
invention decomposes the signal into separate pieces, up-
converting and down-converting the pieces, whereby reuse of
existing 802.11a/g radio designs by parallelizing the signals
in frequency may be possible without implementing a new
transceiver. An embodiment of the present invention provides
for extensible channel concatenation, (e.g.. one, two,
three, . . . channels concatenated) and enables concurrent
transmissions to two or more devices, such as radios. Further,
an embodiment of the present invention meshes cleanly
(friendly) with existing networks, such as 802.11a/g net-
works.

An exemplary embodiment provides a method and system
for achieving very high data rate WLAN operations reusing
existing single channel radio designs. A novel technique
eliminates aliasing due to adjacent channel waveform.
Legacy signals (e.g., one-channel) and wide signals (e.g.,
multiple-channels) may be arbitrarily interleaved in time (dy-
namic bandwidth switching) during packet transmission. For
an exemplary technique of an embodiment of the present
invention, no synthesizer frequency-popping exists when
bandwidth switching between packets. Synthesizers may stay
tuned to legacy channel centers for most or at all times.
Further, synthesizer switches that can take 100 microseconds
(us) to settle may be avoided. Also, adaptive techniques are
provided to mitigate the undesired impact ofanalog-to-digital
converter (ADC) sample-rate aliasing. ADC sample-rate
aliasing may occur when a wide signal is received by mul-
tiple, parallel receive chains designed to receive a single
narrow signal. As described hereinbelow, for example, opera-
tions at 5 GHz are considered (e.g., 20 MHz legacy channel
centers). In another example, operations at 2.4 GHz are con-
sidered (e.g., 25 MHz legacy channel centers).

The IEEE 802.11a/b/g WLAN standards currently exist.
The new IEEE 802.11n standard (or variations thereof) is
being discussed, developed and introduced. One goal of the
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802.11n standard is to increase data rates and data throughput
while being “friendly” to or meshing cleanly with existing
802.11 networks. An embodiment of the present invention
increases the data rate using channel bonding with OFDM
using two or more channels at once. Another aspect of the
invention provides a technique for “filling the gap” between
two signals with extra OFDM subcarriers, which is extensible
1o multiple channels. Yet another aspect of the invention pro-
vides a non-802.11n friendly alternative mode that provides
higher data rates, but is not friendly to 802.11 because the
spectral mask would be violated. As described hereinbelow,
for example, 20 MHz channels centers with OFDM is
described for 802.11at 5.8 GHz and 25 MHz channels centers
1s described for 802.11g at 2.4 GHz.

BRIEF DESCRIPTION OF THE DRAWINGS

The benefits, features, and advantages of the present inven-
tion will become better understood with regard to the follow-
ing description, and accompanying drawings in which:

FIG. 11s achart illustrating World-Wide 5 GHz frequency
allocations;

FIG. 2 is a schematic diagram of existing IEEE 802.a/g
WLAN with single channel stations;

FIG. 3 is aschematic diagram representing a possible IEEE
802.11n WLAN scenario with legacy 802.11a/g stations;

FIG. 4 is a chart illustrating three cases of frequency spec-
rums;

FIG. 5 is a chart illustrating three cases of frequency spec-
trums involving no synthesizer frequency popping;

FIG. 6 is a chart illustrating three cases of frequency spec-
trums involving an alternative mode of operation not defined
m 802.11n;

FIG. 7 is a block diagram illustrating one physical imple-
mentation of a dual-chain wideband radio;

FIG. 8 is a block diagram illustrating an alternative single
chain wideband radio implementation;

FIG. 9 is a graph representing a dual chain transmitter
satisfying a spectral mask;

FIG. 10 is a graph representing a single chain transmitter
violating a spectral mask;

FIG. 11 is a diagram illustrating a 6” order low pass filter
on the receiver side in a dual chain wideband radio with
normal Q factor;

FIG. 12 is a diagram illustrating a 127 order low pass filter
on the receiver side in a single chain wideband radio with a
double Q factor;

FIG. 13 is a diagram illustrating a switching technique for
single and dual chain modes in a bimodal wideband radio
receiver;

FIG. 14 is a diagram illustrating spatial multiplexing in
embodiment using MIMO technique;

FIG. 15 is a diagram illustrating a dual chain wideband
radio receiver with reference to dual channel protocol man-
agement;

FIG. 16 is a schematic diagram of a dual-chain wideband
transmitter;

FIG. 17 is a schematic diagram illustrating alternative pre-
power amplifier summation and post-power amplifier sum-
mation in a dual-chain wideband transmitter;

FIG. 18 is a schematic diagram illustrating a post-antenna
summation in a dual-chain wideband transmitter;

FIG. 19 is a graphical representation of signal components
and processing involving two 802.11a signals with a two-
channel transmitter;
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FIG. 20 is a graphical representation of the signal compo-
nents and processing of FIG. 19 with filled-gap OFDM tech-
nique;

FIG. 21 is a graphical representation of signal components
and alternative processing with filled-gap OFDM with extra
subcarriers;

FIG. 22 is a graphical representation of 802.11a subcarrier
function associated with FIG. 19;

FIG. 23 is a graphical illustration, respectively, of shaped
subcarrier spectrum response and OFDM spectrum response
in 802.11a example of FIG. 22;

FIG. 24 illustrates power amplifier PSD distortion associ-
ated with operation of 802.11a single channel transmitters;

FIG. 25 is a series of graphs representing power amplifier
input and output associated with one side of'a wideband radio
implementation;

FIG. 26 1s a chart illustrating the error vector magnitude
(EVM) associated with an exemplary 16 QAM 802.11a/g
signal;

FIG. 27 illustrates both a post-power amplifier summation
dual-chain wideband radio implementation and a post-an-
tenna summation dual-chain wideband radio implementa-
tion,;

FIG. 28 is a series of graphs representing power amplifier
input and output associated with both sides of the post-power
amplifier summation dual-chain wideband radio implemen-
tation of FIG. 27,

FIG. 29 is a series of graphs representing power amplifier
input and output associated with both sides of the post-power
amplifier summation dual-chain wideband radio implemen-
tation of FIG. 27 characterized with filled-gap OFDM,;

FIG. 30 is a pre-power amplifier summation dual-chain
wideband radio implementation;

FIG. 31 is a series of graphs representing power amplifier
input and output associated with sides of the pre-power
amplifier summation dual-chain wideband radio implemen-
tation of FIG. 27,

FIG. 32 is a series of graphs representing power amplifier
input and output associated with both sides of the pre-power
amplifier summation dual-chain wideband radio implemen-
tation of FIG. 27 characterized with filled-gap OFDM,;

FIG. 33 is a schematic diagram of a dual-chain wideband
transmitter and a dual-chain wideband receiver with signal
separator,

FIG. 34 illustrates operation and response of a 67 order
Butterworth low pass filter on half of the wideband receiver:;

FIG. 35 illustrates operation and response of a 6™ order
Butterworth low pass filter on both the upper and lower halves
of the wideband receiver;

FIG. 36 illustrates upper and lower signal outputs of the
dual-chain wideband receiver of FIG. 35 without alias can-
celing;

FIG. 37 illustrates the EVM and effects of aliasing associ-
ated with the upper and lower signals of the wideband
receiver of FIG. 35;

FIG. 38 illustrates the effects of subcarriers in upper signal
aliasing into the lower signal in a wideband receiver;

FIG. 39 illustrates the desired and undesired subcarrier
components in a post-ADC lower signal and distortion in a
wideband receiver resulting from aliasing with no frequency
offset;

FIG. 40 is a series of graphs representing relationship
between upper signal aliases to lower signal on 16 QAM
subcarrier;

FIG. 41 illustrates coherent anti-aliasing technique applied
to the upper and lower signal components of a dual-chain
wideband receiver;
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FIG. 42 is a schematic diagram of a dual-chain wideband
receiver with frequency correction;

FIG. 43 is a schematic diagram of a dual-chain wideband
transmitter with frequency pre-correction;

FIG. 44 is a illustrates a feedback error, anti-aliasing tech-
nique applied to the upper and lower signal components of a
dual-chain wideband receiver;

FIG. 45 is a illustrates a feedback technique for anti-alias-
ing in a dual-chain wideband receiver;

FIG. 46 illustrates a special training technique utilizing
interleaved subcarriers and acquisition with long sync;

FIG. 47 illustrates fading issues associated with multiple
antennae in receivers and transmitters in multi-channel com-
munications;

FIG. 48 is a graphical representation of three cases of a dual
channel communication;

FIG. 49 is a schematic diagram of an embodiment of a
dual-chain wideband transmitter;

FIG. 50 is a graphical representation of signal components
and processing involving two 802.11a signals with a two-
channel transmitter given 25 MHz spacings;

FIG. 51 is a graphical representation of the signal compo-
nents and processing of F1G. 50 with filled-gap OFDM tech-
nique characterized by 25 MHz spacing;

FIG. 52 illustrates coherent anti-aliasing technique applied
to the upper and lower signal components of a dual-chain
wideband receiver characterized by 25 MHz spacing;

FIG. 53 is a graphical representation of the relationship
between desired and undesired subcarrier components asso-
ciated with anti-aliasing;

FIG. 54 is a schematic diagram illustrating an implemen-
tation using frequency domain adaptive non-coherent anti-
alias restore technique;

FIG. 55 is a schematic diagram illustrating an implemen-
tation using time domain adaptive anti-alias restore tech-
nique;

FIG. 56 is a schematic diagram illustrating an implemen-
tation using feedback for time domain anti-alias technique;

FIG. 57 is a graphical representation of upper and lower
signal and distortion and a process for providinga clean lower
signal in a 13 tap adaptive filter; and

FIG. 58 is a graphical representation of upper and lower
signal and distortion and a process for providing a clean upper
signal in a 13 tap adaptive filter.

DETAILED DESCRIPTION THE INVENTION

The following description is presented to enable one of
ordinary skill in the art to make and use the present invention
as provided within the context of a particular application and
its requirements. Various modifications to the preferred
embodiment will, however, be apparent to one of ordinary
skill in the art, and the general principles defined herein may
be applied to other embodiments. Therefore, the present
invention is not intended to be limited to the particular
embodiments shown and described herein, but is to be
accorded the widest scope consistent with the principles and
novel features herein disclosed.

The present invention provides a way to achieve very high
datarate expanded bandwidth (wide band) WL AN operations
reusing existing single channel radio designs. The invention
provides a dual-channel form of operation for greater flex-
ibility and performance across multiple platforms. Further,
the invention provides adaptive anti-aliasing techniques for
eliminating aliasing due to adjacent channel waveform
effects. The techniques of the invention mesh with existing
systems cleanly.
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One embodiment of the invention simplifies WLAN radio
redesign and opens network access to new systems by allow-
ing greater use of legacy devices in 802.11 systems. The
invention also minimizes radio requirements associated with
such systems, for example, for two parallel channels only 67
order filters are required as opposed to 107 order or higher.
The invention also provides for enhances radio flexibility, for
example, enables Transmit (Tx)/Receive (Rx) in one or more
channels to one or more radios/stations. Another aspect of the
invention provides a high data rate mode of operation to mesh
cleanly with existing and future IEEE 802.11 systems, for
example, to allow operation at both 2.4 GHz with 25 MHz
channels and 5.8 GHz with 20 MHz channels.

IEEE 802.11 specification includes 802.11a/b/g physical
layer specifications/standards that operate on ISM bands of
2.4 and 5 Gigahertz (GHz) bands. IEEE 802.11a operates in
the 5 GHz band using 20 megahertz (MHz) wide channels,
and the 802.11¢g standard operates in the 2.4 GHz band using
25 megahertz (MHz) wide channels. FIG. 1 is a chart illus-
trating World-Wide 5 GHz frequency allocations, including
those for 802.11a as discussed herein. The invention is not
limited to these standards, which are referred to herein as
examples of applications for the invention and to facilitate
describing the inventive aspects. Other wireless standards, for
example, based on OFDM include 802.11j standard for use in
Japan and the DSRC standardization (Dedicated Short Range
Communications), both of which use 10 MHz channels.

A radio configured in accordance with 802.11a or 802.11g
standards employs Orthogonal Frequency Division Multi-
plexing (OFDM) modulation in which a stream of data is
transmitted over multiple small frequency sub-channels. In
the OFDM configuration, multiple sub-carrier signals are
incorporated within each OFDM symbol. Data is incorpo-
rated on each data tone using a selected modulation scheme,
such as Binary Phase Shift Keying (BPSK), Quadrature PSK
(QPSK), 16 Quadrature Amplitude Modulation (QAM), and/
or 64 QAM. Each of the modulation schemes employs a
corresponding constellation map with variable constellation
points corresponding to a corresponding variable number of
bits for achieving the various data rates. For example, BPSK
is used for 6 or 9 Mbps, QPSK is used for 12 or 18 Mbps, 16
QAM is used for 24 or 36 Mbps, and 64 QAM is used for 48
or 54 Mbps. The encoding process employs a quadrature
generation technique and provides in-phase (I) and quadra-
ture (Q) signals on respective I and Q channels.

IEEE 802.11n or any other standard calling for high data
rates of 100 Mbits/second or more require more of a system
than do the present standards. The net data rate in WLANs is
significantly adversely affected by sources of overhead
within the 802.11 protocol, e.g., packet preambles, acknowl-
edgements, contention windows and interframe spacing. The
802.11n high throughput standard represents a four- to five-
fold increase in actual throughput over that required by
802.11a/g and requires backward compatibility with legacy
802.11a/g deployments.

IEEE 802.11 networks typically consist of four physical
components, including a distribution system, access points
(APs), wireless media, and mobile stations comprising a
basic service set (BSS). The mobile stations of a BSS are
computing stations, such as notebook computers, PDAs,
mobile telephones and other network devices, e.g., printers,
facsimile machines, scanners, copiers, hubs, routers,
switches, etc, that communicate with each other across one or
more APs, which in turn communicate with each other over a
distribution system. The communication between the BSS
stations and the APs may form a basic service area (BSA)and
occurs over a wireless medium. The communication between
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the APs and each other and the distribution system may be
over a plurality of communications media, including wireless
and wired media. The APs essentially perform a bridging
function. Further, the distribution system may comprise or be
in communication with a plurality of communications sys-
tems over a plurality of media. Also, within the realm of
802.11 is an independent BSS wherein mobile stations com-
municate directly with one another. Accordingly, the smallest
802.11 network may consist of two mobile stations commu-
nicating with one another. Also, multiple BSSs may be linked
together to form extended service sets (ESSs).

FIG. 2 is a schematic diagram of an existing [EEE 802.a/g
WLAN, referenced generally at 100, having two BSSs, BSS1
102 and BSS2 104, comprised of 802.11a/g type mobile
stations or radios 106. As shown in FIG. 1, two separate
channels, for instance one each for 802.11a and 802.11g, are
involved in the communications system 100. The stations of
BSS1 102 communicate via AP 108 and the stations of BSS2
104 communicate via AP 110.

The present invention has many independent aspects, uses
and advantages. One embodiment of the invention provides a
high data rate multi-channel architecture for WLAN systems.
Given the widespread adoption of WLAN technology in
home, office, shops, travel, hotel, leisure and so many other
areas of life, there has been an increasing effort to meet the
demand and squeeze as much efficiency out of the available
bandwidth. To this end, organizations such as IEEE have
developed and adopted a series of standards to facilitate the
adoption and increase the beneficial use of WLAN technolo-
gies for the benefit of all. One aspect of this development is
the adoption of several competing and complimentary stan-
dards, e.g., 802.11a, 802.11b, and 802.11g, with more on the
way, e.g., 802.11n. These standards have advantages and
disadvantages depending upon particular applications, uses,
environments, traffic, etc. As aresult, devices associated with
the 802.11 family of standards are varied and it has become
increasingly critical that newly adopted standards and the use
of existing legacy equipment accommodate new and legacy
equipment alike. To this end, one aspect of the present inven-
tion provides a method and system for achieving the required
high data rate of newer standards, e.g., 802.11n, while pre-
serving the utility and access of legacy systems, e.g.,
802.11a/g equipment.

FIG. 3 is a schematic diagram representing one exemplary
802.11n WLAN system 300 having legacy 802.11a/g stations
302 operating at channel 2 and 304 operating at channel 3. In
addition, system 300 includes a networked device 306, in this
case a HDTV audio/video (AV) station (STA), such as a flat
panel display for viewing television shows and the like, which
includes a dual-chain wideband receiver comprising a first
radio or receiver station 308 and a second radio or receiver
station 310, respectively operating on channels 2 and 3.
Multi-channel AV access point (AP) 312 is a dual-chain wide-
band transmitter comprising individual radios/transmitters
314 and 316. The AP 312 manages communications with and
between the stations 302, 304 and 310 and may permit single
channel or multi-channel communication or a combination
thereof and may prioritize access to the WLAN depending
upon need and set-up, instructions, etc. Processes for accom-
plishing this and the particular implementation of the com-
ponents are described in more detail below.

One goal of the 802.11n standard is to increase data rates
and data throughput while being “friendly” to or meshing
cleanly with existing 802.11 networks. An embodiment of the
present invention increases the data rate using channel bond-
ing with OFDM using two or more channels at once. Another
aspect of the invention provides a technique for “filling the

20

25

40

45

60

65

10

gap” between two signals with extra OFDM subcarriers,
which is extensible to multiple channels. Yet another aspect of
the invention provides a non-802.11n friendly alternative
mode that provides higher data rates, but is not friendly to
802.11 because the spectral mask would be violated. As
described hereinbelow, for example, 20 MHz channels cen-
ters with OFDM is described for 802.11a t 5.8 GHz and 25
MHz channels centers is described for 802.11g at 2.4 GHz.

FIG. 4 is a chart illustrating three exemplary cases of fre-
quency spectrums for discussing the inventive approaches.
Case 1 shows two 802.11a channels, CH 2 and CH 3, the
center frequencies of which are separated by 20 MHz. Case 2
illustrates the inventive filed-gap OFDM approach and shows
the use of additional subcarriers to “fill the gap” between the
two single channels 2 and 3 to permit greater information over
the bandwidth. Case 3 is an alternative approach whereby
additional subcarriers are implemented on the outer bound-
aries of the channels CH 2 and CH 3.

FIG. 5 is a chart illustrating three cases, similar to those of
FIG. 4, of frequency spectrums involving no synthesizer fre-
quency popping. In this case, the radio may dynamically
switch to tune to center frequency in wideband operation or to
the upper or lower side frequency in legacy systems. In this
manner, the invention allows for dynamic switching between
wide and narrow filters. On the transmit side, the device could
transmit in wideband at the center frequency or tune the
synthesizer to one of the narrower signals for legacy system
transmission.

Dual-channel (or dual-chain) without gap fill transmits at a
rate of 108 Mbps ((96 sc)/(48 sc)=2x data rate factor; 2 times
48 data subcarriers (s¢)=96 data sc). In one example, using the
OFDM filled-gap technique yields an increase in data rate to
121.5 Mbps ((108 sc)/(48 s¢)=2.25x data rate yielding 121.5
Mbps, where 64(left channel)+64(right channel)-
6(left guard)-5(right guard)-4(pilot tones)-5(lost to DC off-
sets)=108 data subcarriers). This is only one example, for
instance the number of slots lost to DC offsets may range
from 1 to 5 subcarriers.

The alternative mode is not presently defined in 802.11n, as
the interference level will be a little higher than accepted. An
advantage to this embodiment is that the alternative mode will
still allow fast switching between normal 802.11a and the
alternative mode packet using 802.11g-like mechanisms. The
use of the additional subcarriers can increase the data rate to
135 Mbps, for example, dual channel with all gaps filled
yields a datarate of 135 Mbps ((120 s¢)/(48 sc)=2.5x times 54
Mbps=135 Mbps; 64+64—-4-4=120 data subcarriers).

An embodiment of the present invention is directed to
increasing the data rate even more without increase the analog
and mixed signal requirements. This may be accomplished by
using a full spectral synthesis capability of the Inverse Fast
Fourier Transform/Fast Fourier Transform (IFFT/FFT). All
the subcarriers (sc) across two channels for carrying data
except four pilot tones and two DC notches at legacy locations
may be utilized. This is like the alternative mode filled-gap
OFDM presented in the preceding section, where the gaps on
the outer edges are also filled. As a result, the guard band on
each end is filled with data. This increases Adjacent Channel
Interference (ACT) beyond 802.11a levels.

FIG. 6 is a chart illustrating three cases of frequency spec-
trums involving three channels and includes an alternative
mode of operation not presently defined in 802.11n. In this
example, channel CH 1 may be reserved for legacy radio
stations with legacy AP, e.g., existing 802.11a/g equipment.
Channels CH 2 and CH 3 may be reserved for new wideband
radio equipment, such as for 802.11n and alternative modes.
This arrangement would permit a bi-modal manner of opera-
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tion. In one manner, the AP could instruct the legacy equip-
ment to go to “sleep mode” for some period, say 100 milli-
seconds, during which time operation would be reserved for
wideband use, and vice-versa. As shown in the filled-gap
OFDM of case 2, the gap is filled between the two “normal”
OFDM channels thereby “stacking” the channels to allow
greater information in the bandwidth. An increase in the
number of subcarriers will lead to an increase in computa-
tional/chip requirements. For each subcarrier there is an
equalization that must occur (correction of distortion of
amplitude and/or phase). Accordingly, extra FEQ (Frequency
domain equalizer) taps may be needed, extra soft-decisions
may need to be generated, and Viterbi (error correction)
decoder may run faster. OFDM is comprised of discrete tones,
one aspect of the present invention creates a super OFDM
with approximately twice the number of tones. The exact
number for 802.11n purposes is not set.

Another aspect of the invention involves the implementa-
tion of the invention, for example in either wide single chan-
nel (wideband) or two legacy (dual channel or chain) chan-
nels. This applies to both the transmit and the receive side.
More particularly, the high data rate multi-channel arrange-
ment of the invention may be achieved, for example, by 1)
using two existing legacy circuits or radios in parallel (2-64
point FFTs that process two halves of the signal (1-upper and
1-lower)) or 2) by using a single circuit that processes the
whole signal (1-128 point FFT).

An embodiment of the present invention is directed to
concatenation of two (or more) channels using parallel trans-
ceivers at the transmit and/or receive end. Another embodi-
ment of the present invention is directed to transmitting and/
orreceiving two channels to two different radios, or to a single
radio thereby increasing data rate to the single radio. Another
embodiment of the present invention is directed to being
extensible to multiple channels. Another embodiment of the
present invention is directed to an adaptive anti-aliasing func-
tion in the receiver. An embodiment of the present invention
is directed to creating very high WLAN data rates that may
not be supported by IEEE 802.11a/g. For example, the high-
est data rate for 802.11a/g is 54 Mbps. An exemplary tech-
nique may include channel concatenation, where multiple
802.11a/g channels are combined thereby expanding band-
width and data rate. In general for conventional systems, a
new radio must be designed that up-converts or down-con-
verts the wide signal as a unit. An embodiment of the present
invention decomposes the signal into separate pieces, up-
converting and down-converting the pieces, whereby reuse of
existing 802.11a/g radio designs by parallelizing the signals
in frequency may be possible without implementing a new
transceiver. An embodiment of the present invention provides
for extensible channel concatenation, (e.g., one, two,
three, . . . channels concatenated) and enables concurrent
transmissions to two or more devices, such as radios. Further,
an embodiment of the present invention meshes cleanly
(friendly) with existing networks, such as 802.11a/g net-
works.

In design, the radio for a wide signal built from two nar-
rower signals is a wide-channel transceiver (wideband radio)
with faster Digital-to-Analog Converters (DAC’s) and Ana-
log-to-Digital Converters (ADC’s) (e.g., 40 MHz wide
instead of 20 MHz wide). However, there are problems asso-
ciated with this implementation. There are cost and power
increases for 40 MHz channels. Presently, only 20 MHz chan-
nel doubling is practical with current technology. More than
two channels becomes very complex. 25 MHz channel dou-
bling at 2.4 GHz is likewise complex, e.g., 50 MHz front-end
is more difficult than 40 MHz. More Power Amplifier (PA)
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back-off is required to meet the spectral mask, especially at
2.4 GHz. ADCs and DACs must run much faster. Receive
filter requirements are very difficult. Filter must be wide and
have very sharp skirts to reject adjacent channel interference.
There may be synthesizer retuning issues. An embodiment of
the present invention is directed to avoiding the 40 MHz
transceiver (XCVR) by reusing existing legacy 20 MHz
XCVRs.

FIG. 7 is a block diagram illustrating one physical imple-
mentation of a dual-chain wideband radio having low pass
filters (LPFs), ADCs, and Fast Fourier Transforms (FFTs).
This is a “multiple radios in a box” implementation. In this
implementation multi-chain radios each with a single band-
width and multiple FFTs, multiple converters, and multiple
analog filters are used. This is a form of “channel bonding”
and may use common synthesizer and automatic gain control
(AGC) with receiving.

In the alternative, FIG. 8 is a block diagram illustrating an
alternative single-chain wideband radio implementation. In
this implementation a single radio is used to handle multi-
channel capability and involves a single chain with program-
mable bandwidth (BW) expansion, high speed converters,
BW switched filters and large FFT (e.g., 128 point) are
required. The example of F1G. 8 includes a wide LPF, a wide
ADC, a wide FFT and a demultiplexer (De-mux).

FIG. 9 is a graph representing a dual chain transmitter
satisfying a spectral mask and FIG. 10 is a graph representing
a single chain transmitter violating a spectral mask.

FIGS. 11 and 12 illustrate Analog Transmit (Tx)/Receive
(Rx) filters. FIG. 11 is a diagram illustrating a 6 order low
pass filter on the receiver side in a dual-chain wideband radio
with normal Q factor. FIG. 12 is a diagram illustrating a 12%
order low pass filter, for example, on the receiver side in a
single chain wideband radio with a double Q factor represent-
ing a relatively steep skirt (“brick wall”). Q factor must meet
802.11a/g spectral mask and adjacent channel interference
(ACI) requirements. Single channel receiver doubles Tx/Rx
filter Q requirements, where Q refers to how narrow a filter is
(higher Q 1s more narrow with steeper skirts). Dual channel
receiver uses single channel filters with normal Q factor.

FIG. 13 is a diagram illustrating a switching technique for
single and dual chain modes in a bimodal wideband radio
receiver. Synthesizer (and BW) switching issue, it may be
desirable to have an 802.11g-like switching operation. Single
channel receiver must jump synthesizer frequency when
switching between wide and normal packets if tight receive
filtering is needed (sensitivity and interference robustness).
Dual channel implementation does not jump frequency but
requires two synthesizer LO (Local Oscillator) frequencies,
though. In this bi-modal implementation, the radio alternates
between forms of operation and may assign durations of
operation/inoperation allowed for the dual modes.

FIG. 14 is a diagram illustrating spatial multiplexing in
embodiment using multiple input multiple output (MIMO)
technique. Multi-channel radio architecture may be imple-
mented for spatial multiplexing. Hence, implementing band-
width expansion using the multi-channel radio architecture
makes a system more 11n ready. With the penalty of added
expense and power draw. In the top example shown, the
bandwidth is doubled with two signals in parallel. In the
second example, bottom, two signals are spatially multi-
plexed and sit on top of each other. This implementation
would require the removal of interference between the two
signals.

FIG. 15 is a diagram illustrating a dual chain wideband
radio receiver with reference to dual channel protocol man-
agement. This relates to PEER related concerns, i.e., the
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amount of power draw a device requires to operate. This is
especially critical in battery powered devices. Using the dual-
chain implementation of two radios ganged together in par-
allel requires greater power that would a single chain custom
circuit. In some applications power may not be a prime con-
cern, e.g., where the devices are connected to AC power
sources (flat panel displays). The implementation may use a
dual channel protocol management function, e.g., cell phone
towers that consume two channels in parallel must provide for
increased protocol for multiple channels. For instance, a
tower may instruct all legacy radios to go to channel 2 and
stay off of channel 3 to prevent collision and increase effi-
ciency.

FIG. 16 is a schematic diagram of a dual-chain wideband
transmitter including L.PFs, DACs, IFFTs, and Tx FEQs. In
this implementation, an expanded Bandwidth (BW) signal
may be decomposed into sub-components. The radio fre-
quency-concatenates two Tx signal components at RF (Radio
Frequency). A synthesizer may be used to realize the exact
two LO offsets needed related to subcarrier spacing (both can
have same part per million (PPM) error). Use expanded band-
width station (XBW STA) (e.g., 40 MHz instead of 20 MHz)
to phase-align two chains thru feedback packet, if desirable.
This is not viewed as necessary. Use Tx DAC sample rate that
allows clean digital synthesis of two Tx signal components
with simple reconstruction low pass filter (LPF’s).

FIGS. 17 through 32 are illustrative of various particular
implementations of dual-chain configurations and there
attendant design considerations and do not require detailed
discussion herein. FIG. 17 is a schematic diagram illustrating
alternative pre-power amplifier summation and post-power
amplifier summation in a dual-chain wideband transmitter.
FIG. 18 is a schematic diagram illustrating a post-antenna
summation in a dual-chain wideband transmitter. FIG. 19 is a
graphical representation of signal components and process-
ing involving two 802.11a signals with a two-channel trans-
mitter. FIG. 20 is a graphical representation of the signal
components and processing of FIG. 19 with filled-gap OFDM
technique. FIG. 21 is a graphical representation of signal
components and alterative processing with filled-gap
OFDM with extra subcarriers. FIG. 22 is a graphical repre-
sentation of 802.11a subcarrier function associated with F1G.
19. FIG. 23 is a graphical illustration, respectively, of shaped
subcarrier spectrum response and OFDM spectrum response
in 802.11a example of FIG. 22. FIG. 24 illustrates power
amplifier PSD distortion associated with operation of
802.11a single channel transmitters. FIG. 25 is a series of
graphs representing power amplifier input and output associ-
ated with one side of a wideband radio implementation. FIG.
26 is a chart illustrating the error vector magnitude (EVM)
associated with an exemplary 16 QAM 802.11a/g signal.
FIG. 27 illustrates both a post-power amplifier summation
dual-chain wideband radio implementation and a post-an-
tenna summation dual-chain wideband radio implementa-
tion. FIG. 28 is a series of graphs representing power ampli-
fier input and output associated with both sides of the post-
power amplifier summation dual-chain wideband radio
implementation of FIG. 27. FIG. 29 is a series of graphs
representing power amplifier input and output associated
with both sides of the post-power amplifier summation dual-
chain wideband radio implementation of FIG. 27 character-
ized with filled-gap OFDM. FIG. 30 is a pre-power amplifier
summation dual-chain wideband radio implementation. F1G.
31isaseries of graphs representing power amplifier input and
output associated with sides of the pre-power amplifier sum-
mation dual-chain wideband radio implementation of FIG.
27.F1G. 32 is a series of graphs representing power amplifier
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input and output associated with both sides of the pre-power
amplifier summation dual-chain wideband radio implemen-
tation of FIG. 27 characterized with filled-gap OFDM,;

The following discussion concerns the aspect of the inven-
tion concerning adaptive anti-aliasing techniques and imple-
mentations. One novel technique eliminates aliasing due to
adjacent channel waveform. Legacy signals (e.g., one-chan-
nel) and wide signals (e.g., multiple-channels) may be arbi-
trarily interleaved in time (dynamic bandwidth switching)
during packet transmission. For an exemplary technique of an
embodiment of the present invention, no synthesizer fre-
quency-popping exists when bandwidth switching between
packets. Synthesizers may stay tuned to legacy channel cen-
ters for most or at all times. Further, synthesizer switches that
can take 100 microseconds (us) to settle may be avoided.
Also, adaptive techniques are provided to mitigate the undes-
ired impact of analog-to-digital converter (ADC) sample-rate
aliasing. ADC sample-rate aliasing may occur when a wide
signal is received by multiple, parallel receive chains
designed to receive a single narrow signal. As described here-
inbelow, for example, operations at 5 GHz are considered
(e.g., 20 MHz legacy channel centers). In another example,
operations at 2.4 GHz are considered (e.g., 25 MHz legacy
channel centers).

This aspect of the invention concerns filter leakage associ-
ated with a radio processing one half of a signal while receiv-
ing both halves of the signal. The invention allows for the
interfering half of the signal to be applied to subtract, or
otherwise cross-compare, with the non-interfering half of the
signal to remove the distortion associated with filter leakage.
The magnitude of the interference is a function of the front
end filter. For example, the subcarrier from the upper half of
the signal may come through (leak) when processing the
lower half of the signal by the FFT. This is a receiver side
design issue associated with wideband radio using the dual-
chain implementation, i.e., when two radios are used in par-
allel to separately process half of the wideband signal (lower
and upper halves). This is especially an issue when using the
filled-gap technique. If not using the filled-gap mode, then the
aliasing is greatly reduced. The anti-aliasing techniques apply
equally to the alternative mode operation.

FIG. 33 is a schematic diagram of a dual-chain wideband
transmitter and a dual-chain wideband receiver with signal
separator. FIG. 34 illustrates operation and response of a 6
order Butterworth low pass filter on half of the wideband
receiver. FIG. 35 illustrates operation and response of a 67
order Butterworth low pass filter on both the upper and lower
halves ofthe wideband receiver in filled-gap operation, where
lower signal is represented as H, (k) and the upper signal is
represented by H, (k) at the filter output. FIG. 36 illustrates
upper and lower signal outputs at the ADCs of the dual-chain
wideband receiver of FIG. 35. FIG. 37 illustrates the EVM
and effects of aliasing associated with the upper and lower
signals at the outputs of the ADCs of the wideband receiver of
FIG. 35. F1G. 38 illustrates the effects of subcarriers in upper
signal aliasing into the lower signal in a wideband receiver.

FIG. 39 illustrates the desired and undesired subcarrier
components in a post-ADC lower signal and distortion in a
wideband receiver resulting from aliasing with no frequency
offset. FIG. 40 is a series of graphs representing the relation-
ship between upper signal aliases to lower signal on 16 QAM
subcarrier. With no offset the problem is elegant, use upper
signal FFT to cancel aliasing on the lower signal.

FIG. 41 illustrates coherent anti-aliasing technique applied
to the upper and lower signal components of a dual-chain
wideband receiver and the responses associated therewith.
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In one exemplary radio embodiment, the frequency offsets
are eliminated at the ADCs to pre-correct frequency offsets
prior to Rx ADC’S. There are a number of acceptable meth-
ods having advantages and disadvantages, for example,
Frac-N (or other type of frequency synthesizer capable of
high resolution frequency steps) may be used on transmit or
receive (100 microseconds settling time (can’t be switched
often)). In another example, Tx digital pre-correction may be
implemented in RTL (e.g., a language used to describe digital
circuits). In another example, STA (or AP (e.g., access point
ina WLAN cell)) may be implemented to do all the work on
downlink from AP to STA (D/L) & uplink from STA to AP
(U/L). For transmit pre-correction, PPM offset may be com-
municated for time tracking to a receiver. Frequency offset
elimination management may be simplified if wide packets
are sent using D/L. For example, if normal channel packets
for ACK are used, then no U/L pre-correction is needed.

FIG. 42 is a schematic diagram of a dual-chain wideband
receiver with frequency correction and FIG. 43 is a schematic
diagram of a dual-chain wideband transmitter with frequency
pre-correction.

FIG. 44 is a illustrates a feedback error, anti-aliasing tech-
nique applied to the upper and lower signal components of a
dual-chain wideband receiver. Various adaptation techniques
may be implemented. For example, the least-mean-squared
(LMS) technique may be used.

FIG. 45 is a illustrates a feedback technique for anti-alias-
ing in a dual-chain wideband receiver. Any signal common to
both Rx chains may be used to train/track anti-alias—desired
packets, noise. If dominate noise is common to both chains,
the noise can be used to adapt the taps. An embodiment of the
present invention may involve defining a special signal that
may be used to train (e.g., bootstrap) the anti-alias canceling
circuit. This waveform could be used in various formats,
including: in a preamble; a broadcast beacon from AP;
embedded periodically in signal. A suggested waveform may
involve using an interleaved subcarrier pattern relative to
upper/lower signals. This may be extensible to more than two
channels. The pattern is flexible. A key concept: do not trans-
mit concurrently both the upper and lower subcarriers with
the same index number. Special training process involving
interleaved subcarriers may be as follows. Step 1: Lower
signal transmits using odd numbered subcarriers; Upper sig-
nal transmits using even numbered subcarriers. Step 2: Lower
signal transmits using even numbered subcarriers; Upper sig-
nal transmits using odd numbered subcarriers. Receiver may
measure the alias this way. FIG. 46 illustrates a special train-
ing technique utilizing interleaved subcarriers and acquisi-
tion with long sync.

In design, there are issues with sending or receiving uppet/
lower signals with separate antennae and 20 MHz ADCs.
Exemplary situation: the transmitter has one antenna. Signal
components multipath fade in unison where upper and lower
signals tend to have same (or similar) power level. More
complex exemplary situation, the transmitter has two anten-
nas and/or, the receiver has two antennas. Signal components
multipath fade independent where upper and lower channels
may differ in power level. Impact of harder exemplary situa-
tion: dynamic range requirements increase for receiver’s anti-
aliasing circuit and preamble training pattern is more essen-
tial.

FIG. 47 illustrates fading issues associated with multiple
antennae in receivers and transmitters in multi-channel com-
munications. In one exemplary radio set-up either Tx has
separate antennas or Rx has separate antennas or both. Prob-
lem is that fading is “independent” between Tx-Rx pairs,
power difference between upper and lower signal (ACI), and
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spectrum difference between upper and lower signal. Tend to
lose aliasing visibility with 20 MHz ADC’s. Different for
every AP-STA radio-pair. Exemplary solution is to use XBW
only on D/L to STA.

Frequency offset may be avoided in this architecture. With
no frequency offset, each upper signal subcarrier aliases
exactly on a corresponding lower signal subcarrier. An inter-
ference subcarrier may leak onto exactly one desired subcar-
rier. Exploits the orthogonal nature of OFDM. With fre-
quency offset, alias subcarriers fall “in-between” desired
subcarriers. One interference subcarriers may leak onto many
desired subcarriers. There are many interference subcarriers.
All the previous comments/architectures apply to the alterna-
tive mode. More subcarriers may be used to increase the data
rate. All the Tx and Rx techniques carry over directly. Also,
works for 25 MHz channel spacing at 2.4 GHz and other
specifics.

Now considering OFDM with 25 MHz channel centers
(situation with 802.11g, 2.4 GHz). FIG. 48 is a graphical
representation of three cases of a dual channel communica-
tion. Considering transmitters with 25 MHz channels, FIG.
49 is a schematic diagram of an embodiment of a dual-chain
wideband transmitter. A difference is the synthesizer tunes to
25 MHz spacings. The synthesizer may tune to other spacings
as well. No synthesizer pop when switching between normal
and wide packets.

FIG. 50 is a graphical representation of signal components
and processing involving two 802.11a signals with a two-
channel transmitter given 25 MHz spacings. FIG. 51 is a
graphical representation of the signal components and pro-
cessing of FIG. 50 with filled-gap OFDM technique charac-
terized by 25 MHz spacing;

Now considering filled-gap OFDM, 25 MHz channel spac-
ing no frequency offset into receive ADCs output. Relatively
little change, anti-aliasing circuits work on aliasing about 25
MHz centers, circuit applies and hardware is essentially the
same for the 20 MHz case. FIG. 52 illustrates coherent anti-
aliasing technique applied to the upper and lower signal com-
ponents of a dual-chain wideband receiver characterized by
25 MHz spacing.

Other channel center frequencies and ADC rates are pos-
sible for this Frequency Domain Anti-Alias Technique to
Work. For instance, the earlier sections have shown how to
cancel aliasing distortion in the frequency domain (at FFT
outputs) caused by using multiple narrow receivers on a wide
OFDM signal. No frequency offset was assumed at ADC
input, 20 MHz channel centers for 5.8 GHz was mentioned
with 20 MHz ADC and 25 MHz channel centers for 2.4 GHz
was mentioned with 20 MHz ADC. In these cases, the out-
of-subband alias OFDM subcarriers fall directly on top of
in-subband desired OFDM subcarriers. Other channel centers
and ADC rates are possible with this technique, any channel-
center/ADC pair works if: the out-of-subband alias OFDM
subcarriers fall directly on top of in-subband desired OFDM
subcarriers. For example, the 802.11 OFDM subcarriers are
spaced by 20 MHz/64=312.5 KHz. Hence, any ADC rate
which is an integer multiple of 312.5 KHz has this property.
Any channel center that is an integer multiple 0£312.5 KHz is
possible. Note, 20 MHz and 25 MHz channel centers satisfy
this requirement (as discussed in earlier sections).

FIG. 53 is a graphical representation of the relationship
between desired and undesired subcarrier components asso-
ciated with anti-aliasing.

Now with reference to non-coherent adaptive techniques.
This explores other techniques for canceling aliasing. In par-
ticular, alias canceling is considered in the time domain (Pre-
FFT, above post-FFT was considered) and with frequency
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offset present or not. F1G. 54 is a schematic diagram illustrat-
ing an implementation using frequency domain adaptive non-
coherent anti-alias restore technique. FIG. 55 is a schematic
diagram illustrating an implementation using time domain
adaptive anti-alias restore technique. Ostensibly no analog
receive changes compared to what is currently used and Rx
FEQ combine overlap. Signal separator needed for alias com-
ponents. FIG. 56 is a schematic diagram illustrating an imple-
mentation using feedback for time domain anti-alias tech-
nique. Any signal common to both Rx chains can be used to
train/track anti-alias—desired packets, noise. FIG. 57 is a
graphical representation of upper and lower signal and dis-
tortion and a process for providing a clean lower signalina 13
tap adaptive filter. FIG. 58 is a graphical representation of
upper and lower signal and distortion and a process for pro-
viding a clean upper signal in a 13 tap adaptive filter.

Although a system and method according to the present
invention has been described in connection with various
embodiments, it is not intended to be limited to the specific
form set forth herein, but on the contrary, it is intended to
cover such alternatives, modifications, and equivalents, as
can be reasonably included within the spirit and scope of the
invention.

The invention claimed is:

1. A method for increasing data rates and data throughput
in a network, the method comprising:

selecting at least a first channel and a second channel,

wherein the first channel and the second channel are
adjacent without any other channels therebetween,
wherein the first channel and the second channel each
have a plurality of data subcarriers, wherein the data
subcarriers of the first channel and the data subcarriers
of the second channel are separated by a frequency gap
corresponding to one or more guard bands between the
first and second channels;

partially filling the frequency gap between the first channel

and the second channel by adding one or more data
subcarriers into the frequency gap such that the one or
more guard bands are at least partially filled with at least
some of the one or more data subcarriers using full
spectral synthesis capability of a fast fourier transform
or an inverse fast fourier transform;

combining the first channel and the second channel using

channel bonding with orthogonal frequency division
multiplexing (OFDM); and

transmitting data subcarriers occupying the first channel,

the second channel, and the frequency gap in parallel to
a receiver.

2. The method of claim 1, wherein combining the first
channel and the second channel further comprises: interleav-
ing one of a legacy signal and a wide signal during packet
transmission.

3. The method of claim 2, wherein the legacy signal com-
prises one channel and the wide signal comprises multiple
channels.

4. The method of claim 1, wherein transmitting the first
channel and the second channel comprises transmitting to
multiple radios.

5. The method of claim 1, wherein transmitting the first
channel and the second channel comprises transmitting to a
single radio.

6. The method of claim 1, wherein the method is extensible
to additional channels.

7. The method of claim 1, further comprising eliminating
synthesizer frequency popping during bandwidth switching
between packets.
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8. The method of claim 1 further comprising:

tuning a first synthesizer to the first channel, wherein the
first synthesizer remains tuned to the first channel during
mode switching; and

tuning a second synthesizer to the second channel, wherein

the second synthesizer remains tuned to the second
channel during mode switching,.

9. The method of claim 1, wherein channel bonding com-
prises use of common synthesizers.

10. The method of claim 1, wherein the plurality of data
subcarriers are OFDM subcarriers.

11. The method of ¢laim 10, further comprising:

identifying additional points in a Fast Fourier Transform

(FFT) across the first and second channels; and

adding subcarriers to the additional points.

12. The method of claim 11, wherein the additional points
exist on an outer edge of the first channel or the second
channel.

13. The method of claim 12, wherein a guard band on each
edge is filled with data.

14. The method of claim 1, further comprising utilizing an
anti-aliasing technique at a receiver.

15. The method of claim 14, wherein the anti-aliasing
technique comprises passing upper signals and lower signals
through a first filter and a second filter.

16. A system for increasing data rates and data throughput
in a network, the system comprising:

means for selecting at least a first channel and a second

channel, wherein the first channel is adjacent to the
second channel without any other channels therebe-
tween, wherein the first channel comprises a first plural-
ity of subcarriers, and the second channel comprises a
second plurality of subcarriers, wherein a frequency gap
corresponding to at least one guard band between the
first channel and the second channel separates the first
plurality of subcarriers from the second plurality of sub-
carriers;

means for partially filling the frequency gap with at least

one additional subcarrier such that the one or more guard
bands are at least partially filled with at least some of the
one or more data subcarriers using full spectral synthesis
capability of a fast fourier transform or an inverse fast
fourier transform;

means for combining the first channel and the second chan-

nel using channel bonding with orthogonal frequency
division multiplexing (OFDM); and

means for transmitting the first plurality of subcarriers, the

second plurality of subcarriers, and the at least one addi-
tional subcarrier in parallel to a receiver.

17. The system of claim 16, wherein the frequency gap is
tilled with a portion of the first plurality of subcarriers and a
portion of the second plurality of subcarriers.

18. A non-transitory computer-readable medium having
instructions stored thereon, the instructions comprising:

instructions to select at least a first channel and a second

channel, wherein the first channel and the second chan-
nel are adjacent without any other channels therebe-
tween, wherein the first channel and the second channel
each have a plurality of data subcarriers, wherein the
data subcarriers of the first channel and the data subcar-
riers of the second channel are separated by a frequency
gap corresponding to one or more guard bands between
the first and second channels;

instructions to partially fill the frequency gap between the

first channel and the second channel by adding one or
more data subcarriers into the frequency gap such that
the one or more guard bands are at least partially filled
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with at least some of the one or more data subcarriers instructions to transmit data subcarriers occupying the first
using full spectral synthesis capability of a fast fourier channel, the second channel, and the frequency gap in
transform or an inverse fast fourier transform; parallel to a receiver.

instructions to combine the first channel and the second
channel using channel bonding with orthogonal fre- 5
quency division multiplexing (OFDM); and L
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