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Example of WSN
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Introduction to Wireless Sensor
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SURVEY DRONES FLEET OF AGRIBOTS
Aerial drones survey the fields, A herd of specialised agribots tend
mapping weeds, yield and soil to crops, weeding, fertilising and

variation. This enables precise harvesting. Robots capable of

application of inputs, mapping microdot application of fertiliser
S I I l a a I I S I I l a r spread of pernicious weed reduce fertiliser cost by 99.9%.
blackgrass could increasing

Wheat yields by 2-5%.

FARMING DATA

The farm generates vast quantities !h!

of rich and varied data. This is stored

in the cloud. Data can be used as o
digital evidence reducing time spent 'l R a
completing grant applications or
carrying out farm inspections saving .
on average £5,500 per farm per year. e Hiassas

TEXTING COWS

Sensors attached to livestock
allowing monitoring of animal
health and wellbeing. They can
send texts to alert farmers when

a cow goes into labour or develops
infection increasing herd survival
and increasing milk yields by 10%.

Ve

GPS controlled steering and
optimised route planning
reduces soil erosion,

saving fuel costs by 10%.
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Znpepa: LTE=Long Term Evolution: 2G+3G+4G

LTE today provides a scalable loT connectivity platform

Scaling up in performance and mobility
Scaling down in complexity and power

- - 3 1
@ = D - g ¥V 22 o ¥
L L
loT ogateways r" Connected cars Industnal Wearables Vending Parking Senszors Liility Agriculture

handhelds machines meters meters monitors

Surveillance cameras

B | & o bm e =

Smartphones Digital signage Assettrackers  Health monitors  Secunty systems Industnal City Lighting f HVAC
Sensors infrastructures controllers
LTE Cat-1 and above eMTC' Cat-M1 NB-loT" Cat-NB1
Delivering scalable performance Optimizing for the broadest range of Providing extreme optimizations for low
and seamless mobility for high- loT applications with high-reliability and cost/power, low-throughput, delay-tolerant
performance loT use cases lower latencies loT use cases

. complementary narrowband technologies
LTE loT:

for low-power, wide-area loT use cases

1. Enhanced machine-typs communication; 2. Marowband loT




AocuppaTec TexvoAoyiec: Ynoornpidouv «'EEunvec ?»

Cellular technologies enable a wide range of ol services

Bringing significant value for LPWA' use cases over non-3GPP solutions

Smart cities ‘ i Connected building
ﬁ Connected industrial

Smart utilities @ PR R % Connected retail
by 2025’
’ I ‘ ‘ Asset tracking

Always-available, Mature, interoperable Scalable Seamless coexistence High

Mcbile health

Environmental monitoring

ubiquitous connectivity global ecosystem performance of different services Drove:

e 2. ckading cellular and LPWaA M2 conpections, Maching Resaarch. May, 2017
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5G Future

Integration
of access technologies
into one seamless experience

» Massive MIMO » D2D |
Communications
& ANeens Respond to traffic explosion Extend to novel applicati
Networks espond to traffic explosion Extend to novel applications > Ultra-Reliable

: 10 x longer battery life  » Communications
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A Fig. 1 5G use cases.




The Internet of Things:
making the most of the
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5G in Perspective
A Pragmatic Guide to What's Next

Mission
Critical

Enhanced
Mobile
Broadband




Network:
Fronthaul /
Backhaul
Capacity and
Densification

Enhanced
Mobile
Broadband

Figure 1. The 5G Ecosystem: Enabling a Mobilized Economy

Ultra-reliable
Low Latency
Communication

Massive
Machine-Type
Communication




1000x THROUGHPUT

10x LONGER BATTERY ), 10 to 100x USER DATA
LIFE

D2D Communications
FBMC

Sx REDUCED E2E 10 to 100x DEVICES
LATENCY 5G

Figure 8.1: Main enablers to fulfil METIS goals represented by the pentagon. 4G refers to LTE
Release 8 system with 20MHz bandwidth operating at 2.6 GHz, using 4x2 MIMO setup and 3
sectors per macro site.



ITU Vision for IMT-2020 and Beyond

i

5G

> 1M / km?
Connections

> 10 Gbps

N rates

ENMHAMNCED MOBILE
EROADEBAMND

—

fff‘!rg?‘g:

MASSIVE MACHIMNE ULTRA RELIAELE MACHINE
TYPE COMMUMNICATION TYPE COMMUNICATION

4

<1ms
Latency



——=| Mission Critical

* Low Latency (< 1 mS
« High Reliability (99.99999%)
« High Availability

« Reduce Cost per bit

® Sporadic Access

* Energy Optimized (10 yr)

» Signaling Reduction

'» 1000 X Connected Devices

* 1000 x Capacity / km?

» >10 Gbps Peak

* 100 Mbps for Every User
» Spectrum Efficiency

9)

Zefo Latency

N
Ite”

Figure 10. 5G Vision and Targets



How do we achieve that?

Cell Densification

mmWave, Massive MIMO

and wider bandwidth

Massive MIMO and Beam
Forming




5G CHAMPION Developed Technologies: B
Satellite/"Terrestrial” cellular network interworking XN

\ s
o\

Unified 5G

Satellte air interface
eNodeB Feederin FSS
\ bar °
5G 4
® Radio
access
Radio interface network
in sub 6GHz a
. € Dand
User equipment
with flexible Core network
radio eNodeB

Support low bandwidth direct service to 5G devices with
satellite channel bandwidth, MAC/PHY protocols settings

without any hardware modification of the UE
» Vertical Handover

* Below 6 GHz (Low Power loT)

» Evalutaion of 5G Waveform performance

Satellite Connectivity for MTC
(Machine Type Communications)
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Mobile
technology
drives

the loT

Building on our
leadership in
mobile inventions

Bluetooth //_'_\ Jeep leaming
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5G Challenges

s

Avalanche of
Traffic Volume

Massive growth in Large diversity of
Connected Use cases

Devices &
“Cummunicaﬁng machines” Re qu iIrements

Further expansion of
mobile broadband

Device-to-Device

Additional traffic due to Communications

communicating machines

L/

“1000x in ten years”

Car-to-Car Comm.

New requirements and
characteristics due to

“50 billion devices in 2020” P A
communicating machines
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Dense and moving networks

: : VL-MIMO
Multi-hop wireless backhaul

Massive multi-antenna systems

—f
_
Context-aware | Air interfaces for new Device-to-device
interference and mobility applications and

management reduced signaling




¥ Purpose:
I Flexibility of phased array antenna makes it attractive for multi-beam applications
I Phased array was mostly used in military and space domain
I Cost reduction and new needs in telecommunication domain make phased-array viable
I Massive MIMO will be a major feature of 5G technology

I One key parameter of phased array antenna is array element calibration
I Array topology may vary to better match the environment
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THE UNIVERSITY
TE XAS WHAT STARTS HERE CHANGES THE WORLD

— AT AUSTIN — © Robert W. Heath Jr. (2015)
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Millimeter wave spectrum for 5G ¥~

—

CmWave | mmmmp MmWave

9
b

52GHz | 28 GHz 37/42GHz60 GHz E-band | oo
555MHz  |3GHzi 14GHz 21 GHz 7GHz [0CHztotal |
2.4 GHz N “Pp specrum
100 MHz : |
900 MHz | i
2.6 MHz : / :

6 GHz Unlicensed 100 GHz

More spectrum, in bands not previously used for cellular

*T. Rappaport et al., “Millimeter wave mobile communications for 5G cellular: It will work!" IEEE Access, 201 3.
W, Roh et al., "Millimeter-wave beamforming asan enabling technology for 5G cellular communications: theoretical feasibility and prototype results,”, IEEE Commun. Mag.,, 2014
*#% A, Osseiran et al.,"Scenarios for 5G mobile and wireless communications: the vision of the METIS project,” ilEEE Commun. Mag., May 2014 2
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Synchronization and
broadcast signals
(beam sweeping)
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Isotropic Antenna Directional Antenna
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Rohde & Schwarz eGuide | Massive MIMO 4
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8x8 Beamforming Network
Vertical section

64 Beams
Ports

8x8 Beamforming Network
horizontal Section

’ __

Fig. 2. The proposed 3-D waveguide beamforming phased array system
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Radar
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*  Poavtdp Aviyvevong Yniedddoug
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SAMSUNG

5G Key Enabling Technologies (1/2)

> Disruptive Technologies for Significant Performance Enhancement
=B T

SR Previous ; .\ L
e e Peak Rate 1 Gbps Peak Rate 50 Gbps ~ : Virtwalcell & T 0
Cell Edge Y
Data Rate T
Cell Spectral Eff :

iciency 4G frequencies New higher frequencies

Updated
user-centric

Mobility ! virtual cell
Energy & Cost :

s;mEthie::L C Adv. Coding & Modulation

onnection
Filter-Bank Multi-Carrier

Latency

Enhancing areal spectral efficiency

© 2014 Samsung Electronics




SAMSUNG

5G Key Enabling Technologies (2/2)

= Disruptive Technologies for Significant Performance Enhancement
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5G Timelines SAMSUNG

@ 5G Commercialization around 2020
— First release of 5G standard should be available by EQY 2017 or 1H 2018

w - oy o.

(Beyond 4G)

'Rel-10/Rel- 11 Rel-12/Rel-13 (LTE evolution)

= 20MHz, OFDM Camier \ar
- DL 4x4 MIMO Aggregation (CA) e T

- SON, HeNB b bmsingl e i "  Rel-14~ = T,

e DL/UL CoMP 3‘2}[')"'”0 R > . .
HetNet Chaonel sl : (Revolutionary technologie

in higher freq. - s)

WRC-15 WRC-18 ™

2015 2020

2018
5G Specifications in [3GPP 10T and Trial n

5G Standardization in ITU
5G Spectrum (Below 6 GHz @ WRC-15, Above 6 GHz @ WRC-18

© 2014 Samsung Electronics




Test Results — Multi-User Support SAMSUNG

= Multi-User Communication Tests
- 2.48 Gbps aggregate throughput in MU-MIMO mode

Beam-width (Half Power)
Multiple Antenna

MU-MIMO Configuration

-

2 l

MS RFU 1

MS Modem 1 MS Modem 2
T P

© 2014 Samsung Electronics
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MWL DUTH — Microwave Measurements Instrumentation
HP8510c Vector Network Analyzer System

e Frequency range up to 50GHz using two
frequency synthesizers (26.5GHz &
50GHz)

e Measurement of the linear characteristics
(S-parameters) of antennas, filters,
amplifiers, oscillators, etc.

e Measurement of non-linear characteristics
— 1dB compression point
— gain
e Measurement of 3-port and 4-port
devices such as mixers and circulators

with two test set units (3.5mm up to
26.5GHz, 2.4mm up to 50GHz)




MWL DUTH - Microwave Measurements Instrumentation
HP8593E Spectrum Analyzer

e Frequency range up to 50GHz
using the Agilent 11907A and
11907Q Harmonic mixers.

e Measurement of non-linear
characteristics:
— 1dB Compression Point
— 2" and 3 order intercept points
e Harmonic distortion
measurements using options R0O1
(fast time-domain sweeps retrofit
kit) and R15 (time-gated spectrum
analyzer retrofit).
* Noise figure measurements.

e Measurement of CDMA terminals
with the Agilent 85725C CDMA
measurement personality.




MWL DUTH - Microwave Measurements Instrumentation
HP8563E Spectrum Analyzer

e Digital spectrum analyzer with a
frequency range up to 26.5GHz.

e Measurement of non-linear
characteristics
— 1dB Compression Point
— 2nd and 3 order intercept points
e Phase Noise measurements due

to the 1Hz resolution bandwidth
adjustment.




MWL DUTH — Microwave Measurements Instrumentation
Karl-Suss MIC/MMIC Probe Station

e Compatible with all the above
measurement equipment.

e Measurement of MICs and MMICs
up to 50GHz.

e (Calibration kit Substrate
containing all the necessary
components to support SOLT, TRL,
LRM / LRRM calibration
techniques.

e C(Calibration software.




