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INVENTOR(S)/APPLICANT(S)

Residence (City and Either State or Foreign Country)

Given Name (first and middle (if any)) | Family Name or Sumame
Mark Webster Indian Harbor Beach, Florida
Michael Seals Melbourne, Florida
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TITLE OF THE INVENTION (280 characters max)

LEGACY LTS Tx DIVERSITY
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Overview

conNEeEXANT]

To use multiple antennas for packet transmissions to legacy radios,

cyclic shifted Tx diversity has been recommended

This presentation considers the impact of smaller LTS cyclic shifts

— The reaction of some legacy radios is postulated

Two types of cyclic shifts are proposed
— CDD: Cyclic delay diversity
— CAD: Cyclic advance diversity
For smaller cyclic shifts, it is surmised that CAD is preferable to
CDD for FFT (fast fourier transform) misplacement tolerance
— Assumes channel impulse response (CIR) estimate made using cyclic-

shifted LTS

CONEXANT PROPRIETARY AND CONFIDENTIAL
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Two Antenna-Tx-Diversi

e

R R

BBP: Baseband Processor
The radio would like to transmit the signal using two antennas
However, the two signals can destructive collide at the receive

— Each OFDM symbol is cyclically shifted

4 Antenna 1
Tx Umﬁmw 802.11a
Tx wmﬁmw Tx OFDM Cyclic I% Antenna 2
BBP Kernel | Shift

Diversity

The trick to avoid this is to use cyclic shift diversity on the 2™ antenna

(&

conNnEXANTY

4 CONEXANT PROPRIETARY AND CONFIDENTIAL
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egacy Radios-and:
o_u imal FFT !»883

—
m.ll
.

¢ Optimal FFT placement minimizes intersymbol interference
— Decay transient from previous symbol
— Start-up transient due to next symbol

End-to-End Linear Distortion

Impulse Response

Assume receiver places FFT
Using knowledge of CIR From LTS

time
OFDM Data Symbols
Symbol 1 Symbol 2 Symbol 3
4 usec 4 ysec 4 usec
= e M= >
A A A
A — A\ — 2l
) 3.2 usecs g < 3.2 usecs ™ ) 3.2 usecs ™
FFT1 FFT2 FFT3
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Legacy Radios-and — -
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>
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|
Symbol 1 Symbol 2 Symbol 3 |
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LDD
400 GI 6l 61
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Location of € 32 —¥ < 32 < [« p >
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Best Receiver Set-Up  Behavior indistinguishable from true multipath
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\\ \A ) p
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Legacy Radios

Cyclic Shift Diversity=
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CONEXARN T

* |Legacy radios sometimes perform a channel impulse response
(CIR) estimate using the LTS

» The FFT placement may use this impulse response to center the Gl
on the transients, so ISl is minimized

 The CIR appears to shift directly with the cyclic shift

* However, the true location of the Gl does not change because the
transmitter is using cyclic shifts

* This can spoof the receiver so the FFT placement is erroneous
— The FFT tends to shift erroneously in the direction of the cyclic shift

Benign FFT Placement

Catastrophic FFT Placement

GI GI GI GI
N\ ~ J/ A\ ~ J
Slides Overlaps
MWW._WHWH Toward 6I Rx FFT Next Symbol

10

Set-up #2
CONEXANT PROPRIETARY AND CONFIDENTIAL |
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Legacy Radios and-

Cyclic'Delay Diversit:

@ e R R R SO

Symbol 2

WOZmXbZ...E

— Symbol 1 > > Symbol 3 >
™1 |61 6I GI
> .
) 3.2 usecs ) 3.2 usecs v“ ) 3.2 usecs v"
|
TX2 e Symbol 1 e Symbol 2 Je Symbol 3 L
CcDD
400 GI GI GI
nsec ;
) 3.2 usecs g ) 3.2 usecs g ) 3.2 usecs ™
Best Receiver Set-Up
— 4 usec - 4 ysec . 4 usec "
7 1 S oI >
cDD Creates 3.2 usecs 3.2 usecs 3.2 usecs

Behavior indistinguishable from LDD
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» Set-up FFT by “centering” legacy LTS
correlation spread in Gl

* Legend shows CAD sample shift in 20
MHz samples

 Performance is robust with cyclic
advances. Poor with delays.

* Relative average SNR shown
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- cCoNEXANT

BRI, L v
R =
(g0 wipd R A TN .
A AR e 4 L

The mixed-mode LTS still needs to be specified
We have stated that legacy radios may prefer smaller cyclic shifts

This presentation shows that small CAD may be better than CDD
— With exponential decayed channels

Testing also showed LDD was inferior to CDD
The innovation here is to use CAD versus CDD
CDD is described in the literature

14
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