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= obespanVirata

High-Data-Rate Multi-Channel Architecture

High-Data-Rate Expanded-Banawidth
- Dual-Channel Tx-Rx:
Aaaptive Anti-Alias Techniques

Mark Webster
Dan Shearer
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Overview

An embodiment of the present invention is directed to creating very high
WLAN data rates that may not supported by IEEE 802.11a/g. For
example, the highest data rate for 802.11a/g is 54 Mbps.

An exemplary technique may include channel concatenation, where multiple
802.11a/g channels are combined thereby expanding bandwidth and data
rate.

In general for conventional systems, a new radio must be designed that
up-converts or down-converts 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.

As a result, maximal 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
concatentated) 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
networks. |

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.

Page 2’ © GlobespanVirata Inc. 2003 This document contains proprietary information
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Overview

Legacy signals (e.g., one-channel) and wide signals (e.g., multiple-
channels) may be arbitrarily interleaved in time (dynamic bandwidth
switching) during packet transmission.

For an exemplary technique of an embodiment of the present invention, no
synthesizer frequency-popping exists when bandwidth switching betw en
packets. Synthesizers may stay tuned to legacy channel centers for most
or at all times. Further, synthesizer switches that can take 100 usecs to
settle are avoided.

The impact of ADC sample-rate aliasing is examined and adaptive
techniques are described for mitigating this impairment.

- ADC sample-rate aliasing may occur when a wide signal is receiv d by
multiple, parallel receive chains designed to receive a single narrow
signal. | _

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)

Page 3 © GlobespanVirata Inc. 2003 This di contains proprietary ink
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I[EEE 802.11n

- The IEEE 802.11a/g WLAN standards currently already exist.

«  The new IEEE 802.11n standard (or variations thereof) are being
introduced.

* One goal of the 11n standard may involve increasing data rates and data
throughput and also to be friendly to existing 802.11 networks.

An embodiment of the present invention considers ways to increase th
data rate using channel bonding with Orthogonal Frequency Division
Multiplexing (OFDM) using two or more channels at once.

+ Also, a technique for “filling the gap” between two signals with extra
OFDM subcarriers is considered, which is extensible to multiple channels.

Also, a non-11n friendly alternative mode is described which provides
higher data rates, but is not friendly to 802.11 because the spectral
mask would be violated.

20 MHz channels centers with OFDM is considered (pure 802.11a at 5.8
6Hz).

» 25 MHz channels centers will be described for 802.11g at 2.4 GHz.

Page 4 © GlobespanVirata Inc. 2003 This document contains proprietary information
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World-Wide

5 GHz Frequency Allocations
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The Current 802.11a/g Situation:
Single Channel Radlio’s

STA Radio

802.11a/g
STA Radio

'y

802.11a/g
AP Radio

802.11a/g __? & BSS 2 % Y__

-

_Y&\

802.11a/g
STA Radio

Y[ s0211ag

STA Radio

02.
STA Radio
802.11a/g Y W 80211/
STA Radio 802.11a/g - TA Rad:
AP Radio STA Radio
BSS 1
Freq 2
Page 6 © GlobespanVirata Inc. 2003 This document contains proprietary information
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What Will IEEE 802.1711n Want?

Legacy
STA 11n
Y 802.11a/g E 802.11a/g | Spatial Mux
Radio Radio STA

cu freq
3

802.11a/g
Radio SDTV
AV
802.}la/g 802.11a/g STA
Radio Radio
802.11a/g
Radio
Muli-Channel  Service multiple signals in parallel.
AV AP e Transmit to two separate radios

Or, to a single radio
Make this capability extensible to more channels

Page 7 © GlobespanVirata Inc. 2003 This i ins proprietary ink
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Exemplary Innovations

* An embodiment of the present invention is directed to concatenation of
two (or more) channels using parallel transceivers at the transmit and/or
receive end.

+  Another embodiment 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 present invention is directed to an adaptiv
anti-aliasing function in the receiver.

- In general, ADC's must run fast to ingest a total signal.
- Here, the signal is allowed to alias and to run ADC's slow.
- Preamble techniques are proposed to ease anti-aliasing.

*_ Another embodiment of the present invention uses a Power Amplifier
- (PA)/antenna for each channel or single PA/antenna for all channels, at
the transmit and/or receive end.

Page 8 © GlobespanVirata Inc. 2003 This document contains proprietary information
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E lobespanVirata

OFDM with

20 MHz Channel Centers
(Situation with 802.11a 5 GHz)

Page 9
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Globe;pgnnrata

Three Signal Cases
Under Consideration

3 Spectrums

CASE 1
Two 802.11a

Each Waveform
Two 1x chan’s » 52 OFDM Subcarriers
- e =48 Data Subcarrier
* + 4 Pilot Subcarriers

CASE 2
Filled-Gap

freq

Fill gap between
2 “normal” OFDM
channels

OFDM

CASE 3
Alternative Mode

Use all usable
Points in FFT
Across 2 channels

OFDM

Page 1 0 © GlobespanVirata Inc. 2003 This document contains proprietary information
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G!obespa'nVrta

This Exemplary Method Uses
No Synthesizer Frequency Popping

3 Spectrums

CASE 1

Two 1x chan’s

Two 802.11a

CASE 2
Filled-Gap

freq

Fill gap between

2 “normal” OFDM
channels

OFDM

CASE 3
Alternative Mode

Use all usable
Points in FFT
Across 2 channels

OFDM

Each synthesizer stays
Tuned to its individual
Channel when mode switching

Synth 1 Synth 2

Page 11 © GlobespanVirata Inc. 2003 This document contains proprietary information
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Filled-Gap OFDM Mode
~ 120 Mbps

Page 1 2 © GlobespanVirata Inc. 2003 This document contains propriefary information
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Filled-Gap Data Rate Increase

/

Left
Chan

Dual-channel w/o gap fill > 108 Mbps

- (96 sc)/(48 sc) = 2x data rate factor

- 2 * 48 data subcarriers = 96 data subcarriers
Dual-channel w/ gap fill > 121.5 Mbps

- (108 sc)/(48 sc) = 2.25x data rate > 121.5

- 64+64-6-5-4-5 =108 data subcarriers

Pilot
Tones :

Left Right Lost to
Guard Guard DC offsets

Page 13 © GlobespanVirata Inc. 2003 This document ins proprietary ir
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GlobespanVirata

An Alternative Mode for Retail

~135 Mbps

Page 1 4 © GlobespanVirata Inc. 2003 This document contains proprietary information
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Alternative Mode

- An embodiment of the present invention is directed to an
alternative mode that is not defined in 11n. The interference
level will be a little higher than 11n would like.

* An attractive feature is the alternative mode will still allow fast
switching between normal 802.11a and the alternative mode
packet using 11g-like mechanisms.

Page 15 © GlobespanVirata Inc. 2003 This document contains proprietary information
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GlobespanVirata

An embodiment of the present invention is directed to increasing th data
rate even more without increase the analog and mixed signal requirem nts.
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 across 2 channels for carrying data except 4 pilot
tones and 2 DC notches at legacy locations may be utilized.

This is like the 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 (ACI) beyond 11a levels.

Page 16 © Globsspanvirata Inc. 2003 This d
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GlobespanVirata

Alternative Mode

*  Key Idea:

Now

- For dual channel bandwidth Tx to single STA (radio station in a
wireless LAN cell), fill gap

- For triple channel bandwidth Tx to single STA, fill 2 gaps

Three 1x chan’s

Filled-Gap
OFDM

freq

Alternative Mode
OFDM

CH CH CH
1 2 3 Fill gap between
2 “normal” OFDM
channels
CH CH cy [req
1 2 3

Use all available
Points in FFT
Across 2 channels

@ GlobespanVirata inc. 2003 This document contains proprietary information

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1003
Page 25



7..' Filled-Gap Datla Rate Increase

Dual-channel w/o gap fill > 108 Mbps
- (96 sc)/(48 sc) = 2x * 54 Mbps = 108 Mbps
- 2 * 48 data subcarriers = 96 data subcarriers

Dual-channel w/ gap fill > 121.5 Mbps
- (108 sc)/(48 sc) = 2.25x * 54 Mbps -> 121.5 Mbps
- 64 +64-6-5-4-5 =108 data subcarriers

A N B

Left Right Left Right Pilet Lost to
Chan Chan Guard Guard Tones DC offsets

Alternative mode
- Dual channel w/ all gaps filled > 135 Mbps
* (120 sc)/(48 sc) = 2.5x * 54 Mbps > 135 Mbps
- 64 + 64 - 4 - 4 = 120 data subcarriers

oot X

Left Right Pilot Lost to
Chan Chan Tones DC offsets
Page 18 © GlobespanVirata Inc. 2003 This d
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" [ GlobespanVirata

Even more

- Extra FEQ (Frequency Domain Equalizer) taps
may be needed.

- Extra soft-decisions may need to be
generated.

- Viterbi decoder may run faster.

Page 1 9 © GlobespanVirata Inc. 2003 This document contains proprietary information

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1003
Page 27



E GlobespanVirata

Wide Single Channel vs.
Two Legacy Channels

Page 20 © Globespanvirata Inc. 2003 This document

ins proprietary inf
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Overview

The obvious radio for a wide signal built from 2 narrower signals is a

wide-channel transceiver with f9 ster Digital-to-Analog Converters (DAC's)
and Analog-to-Digital Converters (ADC’ s) (e.g., 40 MHz wide instead of
20 MHz wide).

*  However, there are problems associated with this implementation.
- There is cost/power increase for 40 MHz channels.
Only 20 MHz channel doubling is feasible with current technology.
* More than two channels is too difficult.
* 25 MHz channel doubling at 2.4 GHz is too difficult.
- E.g., 50 MHz frontend is a lot harder than 40 MHz.

- More Power Amplifier (PA) back-off is required to meet the spectral
mask, especially at 2.4 GHz.

- ADC and DAC's 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 re-using existing 20 MHz XCVR's.

Page 21 © GlobespanVirata Inc. 2003 This contains proprietary ir
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PHY Implementation Options

E Glébespaanata |

..................................................

. req !
Expensive {ﬁ

- Multiple radios in a box  cnz
* Multi-chain radio each with single bandwidth
- Multiple FFT's, multiple converters, multiple analog filters
- When channel bonding
+ Use common synthesizer
- Use common AGC with receiving

Lower expense

- Build one radio that implements multi-channel capability
- Single chain with programmable bandwidth expansion
- High speed converters required, bandwidth switched filters

| Wide Wide Wide | | De- [
’@ > ’ — ’ > > Sig2
2 3 | LPF’s ADC’s FFT mux | i,
Page 22 © Globespanvirata Inc. 2003 This contains proprietary
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Difficult with Single Chain

Satisfying Spectral Mask is More

Spectral
Mask

Transmitter

m

Dual Cha

i gV, W

Spectrum With
6 dB PA Back-off

Transmitter

ith

in
6 dB PA Back-off

Single Cha

Spectral
Mask Violated

Spectrum W

contains

© GlobespanVirata Inc. 2003 This
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* Analog Transmit (Tx)/Receive (Rx) filter-Q isﬁ%‘&, %

L PHY Issues with
Single Channel Approach

acent channel interference

Must meet 11a/g spectral mask and ACI requirements

Single channel receiver doubles Tx/Rx filter Q requirements,
where Q refers to how narrow a filter is (higher Q is more
narrow).

Dual channel receiver still uses single channel filters

Normal Q LPF’s e —mm > 6th Order Rx Filters
, LPF’s % ADC’s > FFT [+
5 | Sig2
| LPF’s > ADC’s [ FFT [
CH?2 } o e :
12th Order Rx Filters??
e s s Sg]

.................................................................

Page 24 ©GlobespanVirata Inc. 2003 This t contains proprietary inf
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PHY Issues with
Single Channel Approach

+  Synthesizer (and BW) switching issue
- Marketing has asked for 11g-like switching

- 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 requires does not jump frequency

* Requires 2 synthesizer LO (Local Oscillator) frequencies, though

[ M e B e Wi , Sigl
:| Wide N Wide | | Wide | De- [
» s | | FFT Sig2
LPF’s| | ADC’s mux
Center Freq (CH2 + CH 3) 2 S=mmmmm oo e e oo oo oo m oo :
Page 25 © GlobespanVirata inc. 2003 This document contains proprietary information
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11n Spatial Multiplexing Reaady

*  Multi-channel radio architecture may be implemented for spatial
multiplexing.

- Hence, implementing bandwidth expansion using the multi-channel
radio architecture makes a system more 11n ready

- With the penalty of added expense and power draw

2x Expanded BW Signal

CH3 jmomm=m-mmomommommosoococmocoooosomeoosoooooooos .
_>Slg1

n
CH CH cu freq
1 2 3 cH2 V) T .. :
Two Spatial
Mux’d Signals

freq

Page 26 © GlobespanVirata inc. 2003 This ins proprietary ir
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GlobespanVirata

/s a New Design Needed?

Simply double existing chips and plug into prime

power.

2x Expanded BW Signal

RTINS

*Slgl

’S1g2

Existing design
Mana

\ Dual Channel

Protocol

gement

Page

27
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G'{obespanvv:rta

Multi-Chain Transmitter with
20 MHz Channels
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" [ [Giobespantita Two-Channel Transmitter

+  Expanded Bandwidth (BW) signal may be decomposed into sub-components.

- Frequency-concatenate 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 bandwidth station (XBW STA) (e.g., 40 MHz instead of 20 MHz)
to phase-align 2 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).

No synthesizer pop when

Synth 1 Switching between normal
\ 13 MHz =40 MHz And wide packets
fcay j, ---------------- \t
! 64pt Tx ' Siol
v £ LPF’s [« DAC’S [ pyr (7 g [+ g
+ ‘i-- fleggegdog/oylegongiiglig g oy g gfrg g g/l gyl ey g o i g gty g gl gy gy ooy’ gyl gty -—--’S
: i Sig2
: 64pt Tx [+
L“%“ LPF’s 1+ DAC’s FFT [ FEQ ||

Synth 2 —7 13 MHz >=40 MHz
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Two Variations:
Pre- and Post- PA Summation

13 MHz >=40 MHz
e
Pre-PA Y r—é« LPF’s («« DAC’s +] fggtT e :“EQ *f_Sigl
Sllmmation PA + :I‘-'-‘-'.':_-:.-.-.—_-_-_-_-_-_ ey ! _-:: .
| E 64pt Tx J_Slgz
L,—g* LPF’s [+ DAC’s [*7 ygpy [*] FEQ

Post-PA 1 : +
Summation + e - <
i . Sig2

! : 64pt TX |«

b b4 | i

PATE:‘L?\FS*D?\Cs«IFFT FEQ |.

13 MHz >=40 MHz
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Third Variation.
Post Antenna Summation

13 MHz

>=40 MHz

fons T {l, """""""" S A— T """" 1

| - Se : s le] 64Pt X |! Sigl
Post-Antenna PA LPF’s [+ DAC’S [*] trpr [+ FEQ |
Summation of b ) Sie?
Signal in the T : 1 eapt | | Tx [0
Ether (e.g., the air PA C§H2 LPF’s <] DAC’s |7 yppy [+ FEQ |
or other medium oo 1\ ----------------- ¢
which radio travels) 13 MHz >=40 MHz
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a Two 802.11a Signals with
yo o = Two-Channel Transmitter?

Overlap-and-add at RF
- Generate lower % spectrum in 1s* Tx chain
- Generate upper 3 spectrum in 2 Tx chain

- Add to signal at RF
- Either pre-single-PA or post-two-PA's

1% Freq
Sub-Channel 1# Tx Chain DAC Reconstruction ~ ,_-Synthesizer OFDM
A
#1 - > Output Subcarriers
i : 1 7
I 1 /
Rs/2 Rs2  frea 27 Freq
= 2nd Chain Déﬁ&econstrucﬁf)’n e Synthesizer
Sub-Channel ~— — Output
#2 : +
-Rs/2 Rs/2 freq
Composite Overlap and Add At RF
Signal '
0 »__ Gap freq
Page 32 ‘ © GlobespanVirata Inc. 2003 This document
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How Can Gap Be Filled With
Two-Channel Transmitter?

- Overlap-and-add at RF Filled-Gap OFDM

- Generate lower ¢ spectrum in 1st Tx chain
- Generate upper 3 spectrum in 2 Tx chain

- Add to signal at RF
» Either pre-single-PA or post-two-PA's

1%t Freq
Sub-Channel 1st Tx Chain DAC Reconstruction /Synthesizer
#1 ~ Yy — Output
i !
-Rs/2 Rs/2 freq ond Freq
' 27 Chain Dé(/)&aconstruction e Synthesizer
Sub-Channel — — Output
-Rs/2 Rs/2 freq
Composite Overlap and Add At RF
Signal |
0
*_ No Gap freq
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- [&] Globespanirata

Alternative Mode With
Two-Channel Transmitter?

Overlap-and-add at RF

- Generate lower 3 spectrum in 1t Tx chain

z
- Generate upper 3 spectrum in 2" Tx chain
- Add to signal at RF

- Either pre-single-PA or post-two-PA's

Sub-Channel

21 Chain DAC Reconstruction
e — -

Filled-Gap OFDM

1%t Freq
Sub-Channel 1st Tx Chain liiCieconstruction ZSynthesizer
#1 PGV —~ Output 2" Freq
“ﬁL [, , & Synthesizer
Rs2TH Rs/2 freq / Output

.......
-
.

{ )
#2 H 1 }P Vd
D Rs/2 freq
Extra
Subcarriers Extra
Subcarriers
Composite \1 ————————— A Overlap and Add At RF iy
Signal L ) U] /
---------- " 0' \\~_‘__—f”
®_ No Gap freq
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802.11a Subcarrier Windowing Per

lobespanVirata

Informative Method
T=TerTrFr
smz{g(a.s + t.fTTR)) (T7p/2<1<Tpp?2) , Eﬁm Trrr
w(i) = 1 (Typ#2s1<T-Tpp/2) E"'—" : @
sinzgmj-{t-?)frrx}} (T-Trgp/25t<T+Tps2) X | . X
i
g >
Trr Tz

This type of overlap is not a problem. No non-linear

Each subcarrier is still orthogonal at FFT. Distortion
: Mg : i B
ﬂ i W”W m W” i ”F ”””” ’TH 1
e e e oy
é \
| BE
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Single Channel with PA:
802.11a Spectral Mask

PA |-&< LPF’s < DAC’s [+ el S 1jPSigl

| FEQ
Distortion
Created Power Spectral Deasity (dB) i
Transmit Spectrum Mask
By PA \ (not to s;alg) !
Nonlinearities p 802.11a
—-20dB
At plginian D S S Spectral
N ‘ Mask
(I
[f
S I N . 4. S R
Pl | | |
I A f o1 20 3
S - Frequency (MHz)
' Transmit spectrum mask
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(Lower) Only

ignal
6 dB PA Input Backoff

One Si

Spectral
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‘ What is EVM?

- EVM: Error vector magnitude
» A distortion measure described in 802.11a/g for OFDM

* Measures the fuzziness (impurity) of constellation points

EVM =
Constellation Point Fuzziness

Q Measurement Symbol (G, j, k), 0, j, &)
/

Q . Emor Vector Magnitude (EVM)
e
™ Ideal Symbol (Jgl7, j, B), Ol j, k)
- Mean Power of Ideal Symbol (Py= 1)
- 1
. .
. .

Constellation error
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Spectrum Analysis Case 1:
Add Two Channels After PA's
13 MHz >=40 MHz
PCH3 i\t """"""""""""""" T """" 1
: § | 64pt X | Sigl
Post-PA Y_ 1bA § LPF’s [« DAC’s [ ygpy [ FEQ ||
Summation + MU - Sio
] § 6apt | | Tx [°'8
PA [«-@+| LPF’s [«-| DAC’S |7 yppr [ pRoQ |
N |
13 MHz >=40 MHz
13 MHz >=40 MHz
{CH3 j, """""""" \t """""""""""""" T
5 E'tg ’ 64pt X | Sisl
Post-Antenna PA | LPF’s [« DAC’s [*7 1ppr [ FEQ [° 18
Summation oo o eneensssmeesee Bl
: i Sig2
L : 64pt Tx —
PA <~—<§><- LPF’s <« DAC’s [« IFFT 1€ FEQ |
RN N |
13 MHz >=40 MHz
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Page 48

11a Signals Post PA’s
6 dB PA Input Backoff

Add Two 802.

R R S

S g

This overlap
Generates no
Interference
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Gap OFDM Post-PA's
6 dB PA Input Backolf

Filled-

Add

‘ka

ira

lobespanV

G

{
a2 o
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lsn
LR =
o =&
n 2 M
olne
S P B
= Q=

proprietary i
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Spectrum Analysis Case 2:
Add Before PA

PA

13 MHz >=40 MHz

..........................
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/s Pre-PA

/

igna

/1a S
6 dB PA /nput Backoff

TTT T T rS T T

1
[

Add Two 802.

This overlap
Generates no
Interference
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Gap OFDM Pre-PA
6 dB PA Input Backoff

Filled-

Add

This overlap
Generates no

Interference
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Dual Chain Transmit Summary

+ This approach is straight forward and simple.
- Distortion (e.g., EVM) is low.

*  Meeting spectral mask can be easier.

*  Filled-gap OFDM is available.

* Alternative mode is available.
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Filled-Gap OFDM
Using Multi-chain Receiver and
20 MHz Channel Spacing and
No Frequency Offset Info Receive
ADC'’s Oulput
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: Rx Overview

This section concentrates on the filled gap
mode.

+ If the gap is not filled, the situation is
easier because the amount of aliasing is
reduced.

The technique extends straight-forward
to the alternative mode.
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- Ostensibly no analog receive changes compared to what is

- Rx FEQ's combine overlap

i . 20 MHz or higher
- Signal separator needed for alias components (e.g., 40 MHz or
80 MHz)
B P eE Not Critical ~ /
ot Critical - Anpalysis Context ST T ~ ¥
‘_ >=40MHz 13MHz _/ “..92MHz - 20 MHz

~
~~o
~——

, Two-Channel Recelver

Thru ADC'’s

currently used.

—
—

j l Pwr | b ]
+ g T E

Divide

64pt
IFFT

6 order
> DAC’s [ LPF’s *%—T ‘—**?* Leps | | ADC’s >

T T KN S $

>=40 MHz 13 MHz 9.2 MHz 20 MHz
Tx Signal Generator Rx Signal Generator
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20 MHz ADC Output

20 MHz

.2 MHz
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ling,

Bit loading could be used

ST T TAT T T T T T R

effective SNR.

3

1aS cance

Without al
Based upon

EVM Across 802.11a’s
48 Data Subcarriers
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with

sing
No Frequency Offset

e

Al

lobespan\/irat

Post-ADC

———m g - —— -

Desired
Subcarrier
Components

Undesired
Subcarrier
Components

Alias
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With No Frequency Offset

ignal Allases

Upper Si
Exactly on Top of Lower Signal 16 QAM

16 QAM On

lobespan\/lrata

|

oo

Because there is
no frequency

offset
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-

Two-Channel Receiver

1-Allas
Frequency-Domain Adaptive Restore
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An Exemplary Radio Concept:
Eliminate Freq Offsets at ADC'’s

Pre-correct frequency offsets prior to Rx ADC's.
Various methods with pros and cons:

- For example, Frac-N (or other type of frequency synthesizer capable
of high resolution frequency steps) may be used on transmit or
receive.

+ 100 usecs 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 in a WLAN c |l))
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 communicated for time
tracking to a receiver.

Freq offset elimination management may be simplified if wide packets ar
sent using D/L.

- For example, if normal channel packets for ACK are used, then no
U/L pre-correction needed.
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Two ADC Freqg-offset at ADC
Correction Techniques

Receive
Side

6 order ' Lp
(——*éHi LPF’s | ADC’s :

................................................

i+ Freq
'Correct \l/ \L

[ % 6 order )
:; LPF’s — ADC’s > é

cH2 A ’]\

' + Freq
Correct 9-2 MHz 20 MHz

Pre- >=40 MHz 13MH:z

Correct
Freq \L \J/ CH3
64pt '

‘ TFRT DAC’s [* LPF’s +<§>j
Transmit . Y
Side 64

pt ’ ’
[FFT DAC’s  LPF’s
Pre- T CH2
Correct
Freq >=4(0 MHz 13 MHz
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Adaptation Feedback Error:

Tracking on Signal
9.2 MHz 20 MHz Siel
N E R A =T 18
E § 6 order ADC,S |, 64pt § > + ':" FEQ —
| LPF’s FFT || B (k) [
Y_} \ ~ - _! Feedback
Pl;Vinride 4 Error to
_________________________________________________________ / ~[A==1 Adapt Taps
§ I !
: 6 order 64pt | | Hy (k) -1
—ﬂ%—b: , ADC’s > ! I Sig2
: LPF : 12
K=t R— ¢s ______________ I LLiLN "L FEQ [
9.2 MHz 20 MHz
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Adaptation Algorithm

* Various adaptation techniques may be
implemented.

For example, the least-mean-squared
(LMS) technique may be used.
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Adaptation:
Acquisition/Tracking on Noise

Any signal common to both Rx chains may be used to train/track anti-alias.
Desired packets
Noise
9.2 MHz 20 MHz
_____________________________________________________ Sigl
i CH3 i \I/ |
; , —»
i é 6 order FEQ
i LPF’s
Pwr
LNA ™ pivide |
T |
| 6 order : Sie?
5 % LPF’s ig
o TR (= > FEQ [—
9.2 MHz 20 MHz
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Adaptation:
Acaquisition/Tracking on Noise

- If dominate noise is common to both chains, the
noise can be used to adapt the taps.

9.2 MHz 20 MHz

e j/ Sigl
___’é_' 6 order P 64pt > + ™ FEQ —
: .. [ ADC’s [ , i
! LPF’s FFT :H&(k) “ 1
_________________________________________________________ |
Pwr \my -
LNA D‘i’:dde ,“\_ .
i d Bl (k) \o
gt e B G e
Dominant 2 TR TC T * Q—
Noise is 9.2 MHz 20 MHz
Common |
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Special Preamble
(Training waveforms)

obespanVirata

- 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 the following:
- In a preamble
- A broadcast beacon from AP
- Embedded periodically in signal
- Ete.

- 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 transmit concurrently BOTH the upper and lower
subcarriers with the same index number.
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B o Globespan\/iraa

Interfeaved Subcarriers

Special Training:

- Step 1:
- Lower signal transmits using odd numbered
subcarriers -

- Upper signal transmits using even numbered
subcarriers

- Step 2:
- Lower signal transmits using even numbered
subcarriers

- Upper signal transmits using odd numbered
subcarriers

Receiver may measure the alias this way
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) E Giobéspa irata

Acquisition with

Special Two-Symbols Long Sync (Lsync)

Upper
Lsync #1
freq
Lower
Lsync #1
“———— freq
Interleave #1
Upper
Lsync #2
freq
Lower
Lsync #2
—— freq

Interleave #2

1= g

l.>

>
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- 0z lobespanVirata

/ssue with Sending or Receive
Upper/Lower Signals with
Separate Antennas and 20 MHz ADC's
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Using Separate Antennas
with Two Channels

obespanVirata

Easiest exemplary situation:
- The transmitter has one antenna.
- The receiver has one antenna.
- Signal components multipath fade in unison where upper and
lower signals tend to have same (or similar) power level.
Harder exemplary situation:
- The transmitter has two antennas.
- 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 situation:
- Dynamic range requirements increase for receiver's anti-
aliasing circuit.
- Preamble training pattern is more essential.
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Issue

Radio Set-up: either Tx has separate antennas or Rx has
separate antennas or both.

Problem: Fading is “independent” between Tx-Rx pairs.

- Power difference between upper and lower signal (ACT)

- Spectrum difference between upper and lower signal
* Tend to lose aliasing visibility with 20 MHz ADC's
- Every different for every AP-STA radio-pair
+ Exemplary Solution: Use XBW only on D/L to STA

>=40 MHz 13 MHz 9.2 MHz 20 MHz

64pt PR 6 order — e bp |
IFFT » DAC’s | LPF’s LPF’s ADC’s
64pt | DAC’s b LPF : 6 order  ADC’s > |
IFFT 7 S T S | LPF’s T i
>=40 MHz 13 MHz 9.2 MHz 20 MHz
Tx Signal Generator Rx Signal Generator
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Acquisition with

Special Two-Symbols Long Sync

ower

L

A

1
i

L - - = -

freq
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EEEmEn  What Happens with Freq Offset?

- 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 interference subcarrier may leak onto exactly one desired
subcarrier.
- Exploits the orthogonal nature of OFDM.

*  With frequency offset, alias subcarmers fall “in-between” desired
subcarriers.

- One interference subcarriers may leak onto many desired
subcarriers.

- There are many interference subcarriers.
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R Rx Alternative Mode
- oG for 20 MHz Channels

- All the previous comments/architectures apply to the
alternative 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.
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Gfobespan\/irata

OFDM with

25 MHz Channel Centers
(Situation with 802.11g 2.4 GHz)
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25 MHz Three Signal Cases
Under Consideration

Giobesban\/iﬂra‘t

Provides same data rates as

3 Spectrums equivalent 20 MHz cases

Two 1x chan’s

CASE 1
Two 802.11g

Fill gap as much

C ASE 2 /__ As possible

Filled-Gap (equiv to 20 MHz case)
OFDM

Use all usable
Q_ASL3 i(():lrr(l)tsssl;l cF:;Tmels
Alternative Mode
OFDM
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Transmitter with
25 MHz Channels

Page 74
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Two-Channel Transmitter

. difference is the synthesizer tunes to 25 MHz spacings. The
synthesizer may tune to other spacings as well.

No synthesizer pop when

Synth 1 switching between normal
13 MHz >=40 MHz and wide packets

N O | e— ===
une 5 . o 64pt | | Ix |! Sigl
25 MHz Y_i & LPF’s [+ DAC’s |7 jppr FEQ I~ |
Spaced + :::::::::::.'::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.é .
\\ % ‘o e D AC’ — 64pt — TX ‘f_Sng
] LPF’s S| FFT [ | FEQ ||
“ CH2$ _________________ T
Synth 2 —7 13 MHz >=40 MHz
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Two 802.11g Signals with
Two-Channel Transmitter?

Overlap-and-add at RF for 25 MHz spacings
- Generate lower 3 spectrum in 1t Tx chain
- Generate upper 3 spectrum in 2" Tx chain

- Add to signal at RF
- Either pre-single-PA or post-two-PA’s

1%t Freq
Sub-Channel 1st Tx Chain DAC Reconstruction ~ ,_-Synthesizer OFDM
I
#1 - — Output Subcarriers
] ] /
I T ’
f /
"Rs/2 Rs2 T 2nd Freq
Sub-Channel — — Output
#2 L
Rs/2 freq
Composite
Signal
freq
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How Can Gaps Be Plugged With

Iobes’panVirata .
i : 1 Two-Channel Transmitter?
Overlap-and-add at RF for 25 MHz spacings
- Generate lower ¢ spectrum in 15t Tx chain Small
- Generate upper 3 spectrum in 2" Tx chain Ffﬁade(r;
- Add to signal at RF ed-ap
- Either pre-single-PA or post-two-PA’s OFDM
15t Freq
Sub-Channel 1t Tx Chain DAC Reconstruction .~ Synthesizer
#1 ~ Y — Qutput
{ . ! 2nd Freq
-Rs/2 Rsi2  freq Synthesizer
. ) Output
2nd Chain D%onstructlon
Sub-Channel — —~
#2 ! ! |
-Rs/2 Rs/2 freq
Composite Overlap and Add At RF
Signal {
O *_ Smaller Gap _fred
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g - Globespanvirata

Filled-Gap OFDM

ADC's Oultput

25 MHz Channel Spacing
No Frequency Offset Into Receive
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Sy GlobespanVirata

Receive 25 MHz Spaced

Circuit applies.

20 MHz case.

Relatively nothing changes.

Anti-aliasing circuits works on aliasing
about 25 MHz centers.

* Hardware is the same (or similar) for the

Page 79
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Globe§pan\/irta :

What Other Channel Center Frequencies and
ADC Rates are Possible for this Frequency
Domain Anti-Alias Technique
fo Work?
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Summary of Earlier Conclusions

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. :

- 25 MHz channel centers for 2.4 6Hz was mentioned
with 20 MHz ADC.

In all these cases, the out-of-subband alias

OFDM subcarriers fall directly on top of in-

subband desired OFDM subcarriers
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) G[obespan\ﬂf Limitations

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 of 312.5
KHz is possible.

- Note, 20 MHz and 25 MHz channel centers satisfy this
requirement (as discussed in earlier sections).
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Desired
Subcarrier
Components

Undesired
Alias
Subcarrier
Components

R Bk € ekl et T Rt e il Eal <4
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Globé;\b;mv:fata

Non-Coherent
Adaptive Techniques

Page 85 © GlobsspanVirata Inc. 2003 This i pristary i

PETITIONERS - AMERICAN/SOUTHWEST, Exhibit 1003
Page 93



Other Techniques

- This section explores other techniques for
canceling aliasing.

In particular, alias canceling is
considered:
- In the time domain

* Pre-FFT
* Early in this document, post-FFT was considered.

- With frequency offset present or, not.
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Two-Channel Receiver
Method 1. Freq Domain Adaptive Restore

- This method has already been presented

Intentional aliasing

9.2 MHz 20 MHz Anti-Aliasing

ey v St
: order § 1
: LPF’s — ADC’s FFT 7] Adaptive > FEQ > s

Pwr ___________________________________________________________________________________________________________ ] _i | Non-Coherent
Divide | : : | Anti-Alias

[ % 6 order 64pt |-} Restore — FEQ (—

9.2 MHz 20 MHz

Sig2
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Method 2: Time Domain Adaptive Restore

Two-Channel Receiver

Intentional aliasing

 Ostensibly no analog receive changes compared to what is
currently used.

- Rx FEQ's combine overlap
- Signal separator needed for alias components

9.2 MHz Anti-Aliasin
e e e
?,é ,| 6 order | 64pt P OIg
Y_, | LPF’s Adaptive || | FFT [ FEQ _'_’
PDWI‘ ;::::::::::::::::::::: Anti-AliaS E"::::'.:'.'_'_:::::::::::::::'_::;:
el Restore E 64 | Sig2
E 6 order es : pt > ;
2 Leps T ppr | LEEQ I
9.2 MHz 20 MHz
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Time-Domain Anti-Alias

Any signal common to both Rx chains can be used to train/track anti-alias

Desired packets
* Noise
9.2 MHz
rc-ﬁm"m\b ________________ : 64 Sigl
f é 6 order pt
™ LPEs ' Frr [T FEQ
Pwr
LNA ™ Divide
6 order 64pt Sig2
5§ eees prT [ TLEQ
i CH2 q\ _______________
9.2 MHz
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| Adaptation Algorithm

* Various adaptation techniques may be
used.

For example, the least-mean-squared
(LMS) technique may be implemented.
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/ Example

Signa
13 tap Adaptive Filter

Clean Upper

obespanVirata
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|
|
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1
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Conclusion

Time domain canceling wn'rh frequency-
offset works too.
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