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Mobile Growth

-

 Traffic from wireless and mobile devices will exceed traffic from wired devices
by early 2016.*
O Mobile video is expected to dominate traffic with up to 72% of the total
traffic by 20109.
\

57% CAGR 2014-2019
25 ™ Mobile File Sharing (1%,2%)
® Mobile Audio (8%,7%) -

20 = Mobile Web/Data/VolP (36%,19%)

® Mobile Video (55%,72%)
15
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per Month
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Figures in parentheses refer to 2014, 2019 traffic share.
Source: Cisco VNI Mobile, 2015
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Spectrum Crunch?

/EI In the recent auction (Auction 97, January 2015), the FCC received $45B in bids for

a total of 65 MHz of spectrum,
O A record average of $2.11/MHz-pop.
L Considerably higher than the average of US $1.28/MHz-pop paid in 2008 for 700MHz
spectrum
O Alarge multiple over the AWS spectrum prices paid in 2006 (US $0.56/MHz-pop).

d From 1994-2014, S53B raised in spectrum auctions. In 2015 alone, $45B was

ised!
\ raise

Map of A1, B1, G, H, |, J Blocks Auction 97 Provisional Winning Bid/MHz POP for round 341

© Jan 29, 2015 S.A Wilkus of Spectrum Financial Purtners
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Unlicensed Spectrum

Standalone, Combo ICs and Platform Solutions Shipments
World Market, Forecast: 201 3-2019

O From 2015 to 2019, cumulative shipments
of connectivity chipsets (Wi-Fi, Bluetooth,

Total Platform with
Integrated Connectivity

Total Combo

NFC, etc.) will almost double to over 39 Chipsets
bl”iOn. Total Single Mode
Chipsets

O Spanning the period from 2010 t02019,
over 60 billion wireless connectivity
chipsets will have shipped.

{millicnhs)

2013 20714 2M5 2016 207 2018 20019
Spurce: A8V Resedvcly

4 )
As the number of clients accessing unlicensed spectrum increases, the

ability to access the spectrum decreases exponentially, leading to
lower QoS and poor user experiences.

N /
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Duplexing
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Challenges

Receiver noise
Signal-of-interest

Self-interference

Power

transmission was not feasible due to the
nce power that disrupts the receiver operation.

Traditionally, full-dujii:
N/

significant self-inter T\
) . ) ”
“The screa in ones’ own ear syndrome
The self interferenc@nal (S1) has to be reduced to close to the noise

I~
floor for correct op@n of the system.
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Self-interference Cancellation Techniques

» Self-interference cancellation technigues can be divided into
two main categories.

> RAsE\eanop[iatssiowhetetedlse beiftarierareastgsighial canceled
B Ewesspdgithdquiibadg dherdost@iver knows the signal it is

EPRLOGoth the SI signal and the transmitter noise but with limited
cancellation capability. e[ e
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Related Work

Self-interference cancellation using analog and digital
cancellation techniques.

e Tl e e e ©) el
 Advantages T
e_r:J;sﬁr—CI:-':
' Fr————————————- |
L4 LOW CompleXIty .,\III'ZX_{;;'_‘J__’ | Digital-to-Analog q.r’;:'\l :
. | Converter
» Disadvantages ;L = A
. DG:I:‘“ [T ] l_ - _+ 1 Analog-to-Digital o Lows Moise I ’ (=44
« Does not suppress the noise - = T“:”K+ T O = o
(the gain is noise limited) ! oo ! e | 2 l
| canceller Controlier ==

 Achievable gain

» Phase noise dependent (35dB
to 40dB based on the available
chipsets).
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Related Work

Self-interference cancellation using passive plus analog/digital

cancellation techniques. o ] s .
» Advantages \T/ A
|

 Suppress part of the noise. NI

| : I
| Converter @ | ‘
L _ — )
 Disadvantages . F;L“ Sar o ]
SO s enOsEle O8
| |
| ; |
A

 Using Fixed pattern directional |

|
antenna affects the reception of | oo Comirver Lo )
the signal from far node.
« Appropriate antenna placement e
IS required especially for wide- 5 d
band systems.

° Baseband = RF

 Achievable gain

» ~85dB for the first architecture
and ~60dB for the second one.. TXSguitah  — RXSgmiPuh
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Related Work

Self-interference cancellation using RF and digital cancellation
techniques.

 Advantages
 Suppress both the self interference and the noise associated with it.
 Achieves high cancellation gain.

 Disadvantages
 High complexity (RF Multi-Tap filter)
 Large dimensions
 Not suitable for handheld devices

* Achievable gain
 65dB cancellation gain alone.
« 105 dB gain combined 1. b et s i s o i, e s, et
with digital cancellation
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‘Proposed Solution

» Proposed a new digital cancellation techniques that is
capable of suppressing the major noise components in
the system (e.g. nonlinearities and phase noise).

» Proposed a new passive cancellation technigues using
reconfigurable antennas for better system performance
from both Sl cancellation and far node reception
perspectives.
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\AII-Digital Self-Interference Cancellation

» Instead of using the transmitted base-band signal as a reference
for Sl cancellation, use the transmitted RF signal.

» All transmitter impairments will be mitigated and the system will be limited by the receiver
impairments.

» Sharing the Rx PLL between the auxiliary and ordinary receiver chains alleviate the
receiver phase noise effect.

» The receiver nonlinearity could be eliminated using the previous technigue.
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Nonlinearity- Suppression

» S| cancellation with Tx and Rx nonlinearity distortion
suppression.
* In this work, the full-duplex system performance is improved

by suppressing the distortion caused due to system
nonlinearities.

 Both transmitter and receiver nonlinearity are considered.

Al
a.ikl
L £ .| Channel
N | estimation
D I
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Construct Dy [« N_Dnlmearl_t\_.f -
coefficients estimation
T ; Yy T
I
Xk X;
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Performance

» S| cancellation with Tx and Rx nonlinearity distortion
suppression.

Transmitter Distortion Power (dBm)
—30 —40 -50 —60 —70 —-80
1 | | 1

I ==8-— Mo Distortion Suppression
=30 =={== Proposed Scheme, 1 lteration
=== Proposed Scheme, 2 lterations
—P— Proposed Scheme, 3 Ilterations
== Proposed Scheme, 4 Iterations
= * = Linear System

v'RIDN is the residual interference
plus distortion plus noise

v'Complete distortion suppression to
the level of the next bottleneck.

v'Same performance when
transmitter or receiver distortion
dominates.

RIDN Power (dBm)

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

—-80 =70 60 =50 —40 =30
Receiver Distortion Power (dBm)
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\AII-Digital Self-Interference Cancellation

> Achievable rate r——

= © = FD, Conventional DC, 20dBm Tx power
=+ FD, Proposed technique, 20dBm Tx power
FD, Conventional DC, 5dBm Tx power
FD, Proposed technique, 5dBm Tx power

250B passive suppression 450B passive suppression
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Passive Suppression

» Passive Sl cancellation using Multi-Reconfigurable
Antennas (MRA).

 Reconfigurable antenna is i
capable of dynamically change |
Its pattern to point in one of “M"
predefined directions.

e The number of antenna patterns
(M) could be as large as 4096
patterns.
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Passive S| Cancellation Using MRA.

» The fabricated MRA has 4096 different patterns.
» The pattern is selected using 12-bits digital interface.

'
e S
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Results

» Passive Sl cancellation using MRA.

Experimental resu

Self-Interference, TxPower = 0 dBm

ts in typical indoor environments

Intended Signal, TxPower = 0 dBm
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Passive S| Cancellation Using MRA.

» Training sequences are transmitted at the beginning of each data
frame for pattern selection purposes.

» The pattern that maximizes the SIR is selected.
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Empirical

1

» The selected pattern affects both the received Sl and SOI.

[ === Omni-directional antenna| -~~~ i R

=+ MRA antenna
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Passive S| Cancellation Using MRA.

» Pattern selection heuristic performance
L i i ' _' Lwaed L ' ' _
0of| o Al 4090 MRA patterns | f ool [ —B— All 4096 MRA patterns
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O No signal-of-interest power degradation.
O Only 3dB loss in the achieved passive suppression with 300 patterns.
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Full-Duplex Systems Using MRA
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» Burst real-time Full-duplex system using USRP platforms.

Concrete - 20m >
< \ -3 me-
; = =3
23 T _ J | IJ
S5 > . ‘
g 2 \ 9m I
l 1 .
i = r - - | Glass wall
T —_— with steel
: J \I )| & a pillars
U ]
& .
& /t' EI\ ; Node A Elevator
ooooo e evator haft
shaft Node B ona



Full-duplex Systems Using MRA

> Achievable rate

13 _- -_ 2
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