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Why is it difficult?



Self interference

Transmit signal: 20dBm

Transmit signal is
about a billion times
stronger than the
receive signal

Recelive signal: -70dB,
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Self-Interference
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Realising a full-duplex node

 Require about 90-110dB cancellation of self-interference
 55-60 dB in analog domain (before ADC)
 Some cancellation required before LNA

e 35-50 dB In digital domain



Self-interference model

Number of dominant

N— paths
[(t) = Z apx(t — 1)

= T~ Delay of path k

Gain of path k
e X(t) is the RF signal

 Unknowns: Delays, gains, number of paths
z(t) = Re (u(t)ejz’”fct)



Basic idea
~ Transmitted signal is know at the node

e Subtract the known self interference
e Digital domain: x-x=0

 Analog domain: x - x = 0.001x

* Delayed and scaled versions of the transmit signal



Stanford design (Kumu Networks)

_l_.DAc . @ ./

'l.
..”
*
‘
Clrculator e

(15 dB)

AGC

<+——ADC ) ; @ é—@

Bharadia, Dinesh, Emily McMilin, and Sachin Katti. "Full duplex radios." ACM SIGCOMM Computer Communic
Vol. 43. No. 4. ACM, 2013.



Our Technique: Linearization

N

i (t) Z a kil?(t — Tk) [Self-Interferernce]
k |

Z (aku (t — Tk)eﬂﬂf e (1= T’f))

N
Taylor series Z ( — ! (8)e??T c(t—m)

AT - i i
. . N

Gl

C1 Co






Circuit dlagram
I(t) =~ Re( u(t)eﬂﬂf t) (t)eﬂ'”f t)
I(t) = I()+1@<>+E<>

< ,

Digital 1/Q 1/Q RF ~
——> DAC e > \/PA Isolator '

-/

Digital I/Q 1/Q RE
ADC ﬂ @ LNA ﬂ




Ref -47.90dBn
Log |
5

fdiv

Center 2.450GHz
#REBlK 30.00kHz

Atten 10dB

W

VBW 30.00kHz

Derivative (experimental proof)

opan 10.00MHz
sweep 40.09ms

ave

Ref -47.390dBn
Log |
5

fdiv

HttenIIOdB Save How

Typer

Screen

Center 2.450GHz
#REBK 30.00kHz

span 10.00MHz

VBW 30.00kHz sweep 40.09ms

Return



Cancellation versus transmit power for 10 MHz SC
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Hardware

New idea: 6 months (might not work)

Software ??
RF Blockset to the rescue




RF Blockset

OFDM modulation

RF Blockset: Circuit-envelope blocks to model the RF
* Analog cancellation

Self-Interference channel model

Digital cancellation

e Signal and derivative cancellation



Blocks Used

|IQ Modulator/ |Q Demodulator

Variable RF phase shifter

Variable RF attenuator

Custom analog cancellation algorithm (gradient descent)

e Level-2 MATLAB S-Function —

Custom digital cancellation algorithm (derivative and LMS)

e Level-2 MATLAB S-Function
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Learning
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I(t) = cox(t) + c1x'(t) + cox” () + E3(t)
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RF Non-ldealities

IQ Imbalance PA Non-Linearity

== Analog cncin === Analog cncin
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RF Blockset




Thank You
Any Questions/Comments?




