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LETI — Laboratory of electronics &
information technology

Research institute in CEA TECH

— Atomic Energy and Alternative
Energy Commission

— Founded in 1967

Micro electronics & nano
technologies

Key figures
— 1,800 collaborators
— 2,800 patents
— Budget: 318M€
— 8,500 m? clean rooms
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Wireless Communication Department
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Wireless Communication Department

Measurements-

7

* Antenna measurements
and EM  Propagation
Facilities:

— Three anechoic chamber in

the frequency range 100
MHz — 170 GHz,

— On-probe measurements
up to 170 GHz,

— Channel emulator up to 6
GHz,

— Channel sounder for
Doppler up to 300 Km/h
(100 MHz — 40 GHz),

— Over-The-Air Test Facilities.

On-Probe Setup Channel sounder
MIMO 4x4
Doppler up to 300
Km/h
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Consortium composed of 8 EU and 13 KR
partners,
5G PoC at 2018 Winter Olympic Games:

— 10 objectives including technical,
standardization, dissemination ...,

— 3 demonstrators (PoC at OG, satellite,
and short-range indoor link).

System including key building blocks for:
— mmWave backhauling & fronthauling,

— Sub 6 GHz direct 5G satellite
narrowband access, positioning,

— Flexible and evolved packet core
network managed by SDN interface.
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5GCHAMPION PoC in

///.‘g\ http://www.5g-champion.eu/
N\ PyeongChang
AR use case VR use case
e HD-video P e 360 video
e Real-time data i e |oT
e Testbed interoperability

Moving Hotspot . = i N
e HD-video /t

3D Super Multiview
e Testbed interoperability e Ultra-broadband
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5GCHAMPION PoC in
PyeongChang

http://www.5g-champion.eu/

. * KR-EU inter-continental
L — PoC Services:

— Real-time streaming
T, e 360 degree video from
T RS EU to KR,

— Interactive Augment
Reality with Maps.

EUROPE
(5GTN)

. Control & Management IOP

Services for PoC

Korea PoP
+  Real-time streaming 360 degree video ’
-

= Integrating HD/360 video content in AR
= AR with Maps and interaction

System IOP for application serwco _
A o
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5GCHAMPION PoC in
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Frequency plan

5GCHAMPION (KR-EU 5G project)

A
| |
KR 5G PoC EU 5G PoC KT 5G Services
Gangneung loT Street(BUS) Gangneung K-ICT Booth Olympic Venue
BN | N
25.1432 26.1432 26.5 27.3 27.5 28.35
BW: 1 GHz 800 MHz 850 MHz
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9 PyeongChang

mmWave backhaul system for last-mile connectivity

Antenna

16 (2x2) elements
« 22 dBi array gain
* Wideband (5 GHz)

RF-FE

+ Adaptive beamforming

* 800 MHz bandwidth
Smart RF

« MIMO

TRX - Digital Front-end
« 8 RF-channels

Base band :

. OFDM (100 MHz) * 400 MHz processing

« 8x8 MIMO processing d o
« Up to 256 QAM ﬁ

\ N
NOKIA * 0.2 ms Subframe
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N PyeongChang

mmWave backhaul system for last-mile connectivity

— e

Center frequency 27 GHz Total TX/RX throughput
Bandwidth 200 MHz
Role BTS
MCS 7
MIMO rank
Switching pattern 5x DL, 5x UL
TX spectral efficiency 3.18 bps/Hz
RX throughput 602 Mbps

T throughput 600 Mbps
Eess 1.1ms

28.6 dB
nan dBm
 — i

e Performances:

— Up to 20 Gbps max data rate (short range communications),

— 1.2 Gbps, 1.1 ms latency (intercontinental 360 video “‘%
ceatech Streaming). >4
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9 PyeongChang

mmWave backhaul system for moving hot-spot

Gangneung Yulgok Steet Gangneung ICT Squire demo configuration

3D multi-view display
'~

~y
“~< mRU mTE

« Max 5 Gbps (moving hotspot),
- Bandwidth extension (500 MHz - 1 GHz BW),
« 2x2 MIMO and radio frame format update.

V)
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9 PyeongChang

Advanced antenna technology for future mmWave
backhauling

e Frequency band: 26.5 — 29.3 GHz (EU),
24.25—27.5 GHz (KR),
e Analogue beamforming: one beam at
each temporal slot,
. * Scanning capability: £60° in 2D.
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Narrowband satellite communications below 6 GHz

i i Hybrid satellite-
Radio Interface afE’”IEQ in FSS band terrestrial network
in sub 6 GHz band eNodeB -
' Radio Interf
) nsub6GHz band -0 5G Radio Core
= - access Network e network
User eNodeB
Equipment
Satellite n)
enabled ThaIesAle ia
-Space

Frequency bands:
* Uplink (User to Satellite) 1980 — 2010 MHz,

* Downlink (Satellite to User) 2170 — 2200 MHz. N
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Narrowband satellite communications below 6 GHz

Lab Testbed
Control and Monitor
H B i
! ! v
L4 o - . " .
Terrestnal transmitter » Satellite B Receiver

Flexible Radio Channel emulator Terminal emulator
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5GCHAMPION PoC in
PyeongChang

http://www.5g-champion.eu/

Narrowband satellite communications below 6 GHz

e Test of different IoT-NB
modulations (BF-OFDM,
FSK, SC-FDMA),

e Realistic channel model
in the emulator,
e Terminal and satellite

impairments included in
the analysis.

leti
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5G Trials at CEA-Leti

* Field trials at 3,5GHz TDD band started in 04/2017.

e Authorization received by French regulator ARCEP for 5G
experimentation on Minatec campus at CEA-Leti, Grenoble,
— 40MHz BW,
— Indoor/outdoor.

* Ongoing experimentation,
— 5G multiservice transmission
(eMBB + MMTC + URLLC),
— 5G eDSA,

— 5G full duplex.

leti




5G Trials at CEA-Leti

 Multiservice scenario (loT, Broadband, URLLC) ...
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5G Trials at CEA-Leti

* Mobility and full duplex scenarios

85 dB cancellation reach overs the air at 3.5 GHz

Digital Board
Zynq (dual core ARM + Programmable Logic)

IPframe  |jnhux OS / AD9361 Driver
over USB |

RFSIC Ctrl

DC Voltages
1/Q

Useful
signal

Front-end
Ctrl

O
SDR RF transceiver Board
Based on with AD9361

Note
Band-passfilters are not represented




5G Trials at CEA-Leti
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Conclusions and future works

e 5G PoC at 2018 Winter Olympic Games:
— 10 objectives including technical, standardization, dissemination ...,
— 3 demonstrators (PoC at OG, satellite, and short-range indoor link).
e System including key building blocks for:
— mmWave backhauling & fronthauling,
— Sub 6 GHz direct 5G satellite narrowband access, positioning,

— Flexible and evolved packet core network managed by SDN interface.
 5G Trials at CEA-Leti:

— Multi-Service 5G,

— eDSA,

— Full Duplex ...

* Extension of this work towards high data rate wireless backhauling and satellite
communication is on-going (EU-KR Project 5GAllStar) ...

] LD
leti @Q
ceatech \.‘(




Conclusions and future works

* Extension of this work towards high data rate wireless backhauling and satellite
communication is on-going (EU-KR Project 5GAllStar) ...
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5GCHAMPION loT-NB
Satellite PoC
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