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Testing. Evaluation, and Control of Heterageneous Large-scale Systems of Autonomous Vehicles

Morth Carolina

Outline

A 5G communication Networks

A Why we need to move to higher frequencies?

A What are the characteristics of mmWave band communications?

A What are the challenges in usingnWave?

A How mmWave challenges can improve D2D communication performance?
A Challenges of D2D mmWave

A Hybrid D2D network

A Simulation Result
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SG networks

Mabile broadband Dense crowd of users
Very high
data rate
A Very high
Mobility capacity
Network Specification —_
Peak Data Rate 10 Gb/s 100 Mb/s Massive Reliability,

. , , number of resilience,
Mobile Data Volume 10 Tb/s/kx 10 Gb/s/kx devices security
E2E Latency 5ms 25ms
Energy Efficiency 10% current consumption L“”%ﬁﬁftjw T:trg'lg;"'

Number of Devices 1 M/ka 1 k/ka
Mobility 500 km/h - loT sensor network loT control network

Reliability 99.999% 99.99%
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5G networks

Existing solutions to improve
network capacity:
A Increase Available BW

A Carrier Aggregation

UL transmission

M T E°
‘
¢NB S

A Cognitive Radio ’ # e
A Sp e Ctrum R euse ) mterference §
A D2D Communication | e
A Small Cell network = 5“
. . 7 —2— Data signal
A IncreaseSpectral Efficiency ( e

A MassiveMIMO
A Spectrum Sharing

4 — —» Control signal
Small Cells/Low power Nodes

Even though some of these technigues boost

performancesignificantlythere is no clear
roadmap on how to achieve the so far defined
5G performance targets.




W.S. Frequency Allocation
The Radio Spectrum
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mmWave Communication

A Microwave band is referred to as Sweet spot due to its favorable propagation characteristics

A Low frequency bands have been almost used up

A Itis difficult to find sufficient frequency bands in the microwave range for 5G improvements

A mmWave with high bandwidth can be a potensalution for5G communication

A However, wave propagation in mmWave band has specific characteristics that should be considered
In design of networlarchitecture

3 GHz 57-64 164-200 300 GHz

27.5-28.35 31.225-31.3
29.1-29.25 71-76
Cellular ComFunication T 31 075_31 225 81_86

54 GHz 99 GHz 99 GHz

xygen molecule Absorption Water Absorption

| 31.0-31.075  92:95

Potential available bandwidth
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mmWave Characteristics

Atmospheric Absorption

A Raindropsare roughly the same size as the radio wavelengths (millimeters) and therefore cause scatter
of the radio signal

A The rain attenuation ancholecularabsorption characteristics of mmWave propagation limit the range of
mmWave communications

100 e R S | W e s
U JOPRBSSNORIEC A Bl 2
3

s — s o The rain attenuation
: i < Lgon and atmospheric
g § absorption do not
; g create significant

additional path loss fof
cell sizes on the orde
of 200 m.

0.1 2y = .

Source: Bband technology. $and Communications. [Online]. Available: http://mwwwbhand.com/index.php?id=86.
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mmWave Characteristics

High Propagation Loss and SensitivityBlockage

A mmWave communication suffers from high propagation s$ "Q

A Electromagnetic waves have weak ability to diffract around obstacles with 0s path
size significantly larger than the wavelength i

A For example, blockage by a human attenuate the link budget E3021B

A Only LOS communication is efficient.

A
Erlokd
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LOS path

Frequency| PLELOS | PLENLOS| Rain Attenuation Al?s )((){?)?ign
Band (GHz @200m (dB) @200m (dB)
28

1.8 1.9 A% 4.6 0.04 - — v, W Q
Q) v oQ P TIE € %—
38 1.2 2 2% 3.8 1.4 0.03
60 2.23 4.19 2 3.2
73 2 2.4% 2.69 2.4 0.09 Pathloss Exponent (PLE)

NLOS suffer ]rom high attenuation
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mmWave Characteristics

Directivity

A Tocombat severe propagation logsigh gain, directional Simplified model for directional beamforming
antennas are employed at both transmitter and receiver Back lobe gain Main lobe array gain

A Beamforming is a key enabling technology of mmWave
communication % M

A With a small wavelength, electronically steerable antenna
arrays can be realized as patterns of metal on circuit board :
Main lobe beamwidth
IBM Breakthrough Could Alleviate
Mobile Data Bottleneck
Directional antenna
Highgain at one
direction

verylow gain in all
other directions
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D2D Communication

D2D communication allowsobiles toestablish a direct connectionithout traversing the
eNodeB(or BS).

D2Dis akey component in the context T, since asubstantial fractiorof the traffic is
generated and consumed locally

Eliminatingthe eNodeBfrom the transmissiomath leads to:

A Higherspectralefficiency

A Lower signalingoverhead

A Higherenergyefficiency

A Increase the coverage of cell edge UEs

A Reduce the traffic load of BS

However these gains caonly beachieved if we can overcome several challerfgesd by
D2D communication
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D2D Communication

Main problem in D2DInterferenceManagement

D2D over ISM band (usiigiF) D2Dover licensed band o |
A Devices competto achieve channel A Guaranteed communication quality

access A Require accurate interference management
A Little interferencecontrol between cellular and D2D users

A Quality of communication is not
guaranteed.

Several techniques are proposed to solve these challenges. StilinkZBpacity isignificantly

affected by the networklensity:
A Insufficient communication bandwidth
A dgnificantinterferencecaused due to themni-directional nature otommunication
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| of Heterogeneous Large

mmWave Shortcomings Advantage for D2D

Someof the mmWave communication challenges are desirdé#tures for D2[Zommunication:
A High path loss
A Directional beam forming
A Less interference
A Improve spatial reuse
A High bandwidth
A Supports high throughput D2D applications
Challenges
A Narrow beam width
A Low antenna height in D2D communication comparing to BS height
Makes devices more vulnerable to blockage which may cause difficulty to fulfil®2¢&® discovernand
beam alignment

Hybrid communicationworks on mmWavén Lineof-Sight(LoS) case and switch back to microwavesise of
blockage, and exchange contsignalingn microwave toaid the alignment for mmWave.
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mmWave D2D integration

Beam alignment protocol

1.
2.
3.

Bfinds that there is a UE who wartts communicate directly witnother UE in itgell
BS broadcasts this information as a BiziR-set-up-request to both UEs.

DUE pair receive the request and prepare for the beam alignment process (micro wave
band)

receive at each of its sectors and keep recording the signal streagth ¢ )
BS gets the feedback of the power strength from B and convey information to A.
LoS Linklf the mmWave power received by B in some sector is greater than a
minimum power threshold (T)BS will send A thimformation: mmWave
communication.
Blockagelffnone of B’s sector s rtleanthdthveshdld, e noug
which showsthere are blockages in think, BSwill inform A to communicate&vith
B onmicro waveband

h

0
Abegins to communicate with B micro waveor mmWave. [ é

~
b
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Heterogeneous Lar

mmWave D2D integration

Assumptions

Location of BSsThelocations of theBSs formra homogeneou®&oissorPoint Process (PPRjon the plane

with density_s and all BSs employ constadwwnlink transmissiompower 06.

Location of DUESTheD2D users formmnother homogeneouBPPkoon the plane with densityo. The
DUEreuse the downlink resource of the cellularks.

Blockagemodel: The blockages are modeled as anotR&P obuildings independent of the

communication networkEach poinbf the building PPP is independently marked witlamdom width

length, and orientation

BeamForming :In millimeter waveband, antenna arrays at the base stations and DUESs are all adopted for
directional communicationAngle gain betweethe transmitterbeam and the receiver beam is denotasl
“@—6 —+), and the maximum achievable array gaif@, 0. In microwave band they usenni-directional
antenna.

BeamAlignment: Due to small size of antenna, they can be used in large scale at equipment to obtain higl
gain communication. Thaain beams of the transceiver antennas pegfectly alignedvith each other

when transmission is being carried.on
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mmWave D2D integration

Converge probability: o
L L{YOU YY
Microwave Mode:
1 Q
"O "O ”

mmWWave Mode:

Probability of blockage:®0 p Q 1 L

: Qi
: ] — Qi

B

7

Hybrid Mode: 3 3 3
VCYOO YY wo(CYODY Y (p UL YOU'Y
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Simulation result

Parameter Value

Density of BSss P pTa
Density of DUESO P pPpTA
Density of Blockages P pTA
Transmitting power of BS 30dBm
Transmitting power of DUE in micro wave 23dBm
Transmitting power of DUE in mmWave 23dBm
SINR threshold T -10dB
Microwave Path loss exponent 3
mmWave path loss 4
NoisePower -87dBm
Average blockage width 50m
Average blockage length 50m

Carrier frequency in mmWave 28 GHz
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Simulation Result

Coverage vs D2D link distance

Coverage vs D2D distance
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