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Full Duplex Many SDR platforms | Massive MIMO

Aerial Cells




Wireless networks, every where!

 Mobile Robots in factory, ...
* Vehicular Networking for safer roads




Wireless networks, every where!

 Wireless network of sensors, IEEE 802.15.4 (ZigBee)
e Swarm drones
e Thousands-robot swarm
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Key requirements for wireless networking

Energy efficiency Throughput Reliability




(Terabytes per month)

Scarcity of Spectrum
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High chance of collision

800
700 -
More nodes 600 |-
l @ 500 -
ie)
More transmissions § 400
l E 300
200
Higher chance of collision
100 -
0 - ] ] ] ] ]
30 40 50 60 70 80 90 100

Number of nodes



Collision reduces the throughput
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Collision degrades energy efficiency
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Collision detection at transmitter side

Wasted Energy
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Carrier Sense Multiple Access + Collision Detection
CSMA/CD

Any data to

¢ transmit?
. . . CCA
Collision detecting Tx v
I n te l'fe rer Transmit data |€— Packet detected?
FCS Check?

» Time

Write data out

ACK request?
No

Yes

ACK

No

Simultaneous send and receive!
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In-Band Full-Duplex (IBFD)
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Self-interference problem!



In-Band Full-Duplex (IBFD)

e Analog cancellation achieves 50 to 70 dB
e Digital cancellation up to 30dB further
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Analog Self-Interference Cancellation
Electrical Balance Duplexer (EBD)
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Collision detection by full-duplex
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Energy detection VS Goodness of fit

Learnt through
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Recap More Nodes

l

More transmission

l

Higher chance of collision

l

Full-Duplex + Collision detection 4 @

How to make a prototype and prove the concept!?
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Software Defined Radio (SDR) for wireless networking

* No need to modify hardware (mixer, filter, ...) any more!

* Flexible and programmable platform

* Design solution for rapidly prototyping wireless communication
systems

* Real-time SDR for high-throughput communication
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LabVIEW

PHY

heavy in data flow

dominated by processing latency

&

2 LabVIEW , an effective tool for fast prototyping
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Our prototype
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Our prototype

- USRP FPGA

| r Micro3laze
Host Interface -
e EE @ o IEEE 802.15.4 PHY

« gy

PCI >

EXPRESS

Ii | ’»"~\

l -"*ﬁﬂ‘l M'TW'.‘\"JW: \.‘r’\a’{m‘ ”{'&.Y'tl;‘l*'lbw V:W'“'"'

abVIEW

EBD, Analog SIC

23



Experimental setup

Interfering node:

USRP N210

Tx

|IEEE 802.15.4 signals
TX power: 0dBm
Noise floor: -90dBm

ATT

Node with collision detection:

TUSRP — ;
' Kintex7 :
] RX '
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(RFSIC)} [oam =
i s Micro USRP

EBD cancellation: 50-70dB

* Receiver oversamples by 8

* Results averaged over 2000 measurements
per interfering power

* Threshold trained for each test statistic
such that Pg, = 5%
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Experimental results

Target: 95% > correct detection
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Experimental results

P detection

Observation duration: 250 us
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Conclusion

* Collision detection at TX is practical for indoor environments

 Kuiper test + analog Sl cancellation can detect interferers up to -70 dBm
 Almost instantaneous: 250 pus

 Throughput and energy gain + reliability

0 dBm
-50 dBm Remaining SI
-75 dBm Minimum interferer
-90 dBm Noise power
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Future works

* Faster and more accurate Collision detection
e Collision VS high-priority message

 |EEE 802.11p and Car to X communication

* Full-duplex network with collision detection
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Thank you!

Q&A




