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L‘ EﬁNEREI@ 5G: THE PROMISE OF SCALABLE & EXTREME VARIATION OF
REQUIREMENTS
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Source: broadbandtrends
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5!’ NEREI@ CHANGING THE COSTUMER: SPECIFIC KPIS PER VERTICAL

AUTOMOTIVE e

DATA RATE

DATA RATE COVERAGE

Ton g MOBILITY
< (SPEED)

COVERAGE -~

U MOBILITY
c--==4 (SPEED) POSITIONING
: L ACCURACY
DENSITY
RELLABILITY
® Grid access
) Grid backhaul

POSITIONING Giid backbone

MEDIA & ACCURACY ™, - & o-HEALT
ENTERTAINMENT - g

DATA RATE

DATA RATE

COVERAGE MOBILITY

i el
COVERAGE # (SPEED)

MOBILITY
{SPEED)

RELIABILITY DENSITY

POSITIONING > 2 Automated dfi\f'iﬂg
ACCURACY e .
Share my view o |
RELIABILITY DENSITY 5 m o RELIABILITY tIENE:ITT
Bird's eye view

Ultra high fidelity media

® Onsito Live Event Experionce Digitalization of transport and logistics ®  fsetsandintenentonsnanagement n Hosital

User/Machine generated content

chine _ _ _ ® fobotics
immersive and integrated media @® Information society on the road Remoteonting
. T Source: 3G PPP L
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MHREI@ ROADMAP ON MAIJOR 5G SERVICES & PRODUCTS

2018 2019 2020 2021 2022

BRE'l.’;)"a.ﬁ'\Rfl:n';ls.ed realtime space

R/AR-based space reproducing service platform BB e niatiorm

| @Q\Q’VR video service platform

w-latency realistic telepresence service

Avartar robot-based telepresence service

Immer-
siveness

f;f:!j.{ealtime realistic contents
streaming serviece platform
Realtime wireless hologram

_communication service platform

ime multiview 3D contents streaming
ice platform

ltime UHD contents streaming service

 data-based user centric knowledge user-customized knowledge service

m

ed forecast sevice

Omni- sarable terminal

presence

(area expands to individual-building-city)

/management platform
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@EREI@ ROADMAP ON MAIJOR 5G SERVICES & PRODUCTS

2018 2019 2020 2021 2022

ing vehicle terminal
r-interworking autonomous driving service

collaboration drone service terminal

Autonomy

e drone service terminal

-type automic collaboration service platform

e surgery robot teminal ilistic remote robot terminal

 surgery service platform ilistic remote robot service platform

itoring sensor terminal smart monitoring sensor terminal

1sor-based disaster surveillance platform

/ terminal pe smart PS terminal

Publicness 5G terminal onfiguring single base station

nlic: safety service platform

nt robot terminal for emergency

treatment service platform for emergency
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RACE TO 5G SERVICES

4

1o

AAL

Soccer World cup

2017
74

PyeongChang 2018
o9

5G Testbeds 5G Trials

Olympic games
5G Services (Korea)

In Russia

Olympic games

5G Olympic games 5G Services (China)

5G Services (Japan)

* Key enabling technologies

e Early standardization

ﬁ-::?. » A
Be. BEHING €022
e,y
mml
IMT Vision || ITU Requirements IMT Proposals IMT Specifications
Rel-13 Rel-14 I Rel-15 I Rel-16 Rel-17
ron * Scenarios & requirements ¢ WIlow spectrum ¢ WI low spectrum
¢ Sl for low spectrum * Sl for high spectrum enhancement
¢ Channel modeling e WI for high spectrum
for high spectrum
Collaborative )
Metis 5G PPP Phase 1 5G PPP Phase 2 5G PPP Phase 3
Research I
C ¢ Vision building ¢ System Optimization e Large scale trials
e Pre-Standardization

PP

SG

Exploration & validation

D

5G Key technology
components

5G empowering
vertical markets

Full 5G PoC,
5G services
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,"EQ@ERH@ 3GPP TIMELINE | Rekia > Rel1s > Relts 4

® There will be two phases for the 5G normative work

®* First 5G release / Release 15: specification will be completed by Sep. 2018, addressing the more urgent subset of the
commercial needs

* Second 5G release/ Release 16: specification to be completed by Mar. 2020, for the IMT 2020 submission and to
address all identified use cases & requirements

Different architecture options being evaluated
® Decisions as to which option will be standardized will be taken in 2017

Use cases

® Enhanced Mobile Broadband

® Some Low Latency and High Reliability capabilities
Frequency ranges below 6GHz and above 6GHz

Forward compatibility between scenarios

NEREID Workshop | Dr. Calvanese Strinati Emilio| 6/04/2017



,‘*EQAERH@ RELEASE-15 WORKPLAN

7. T5GE80, June 20138: Release 15 stage 3
freeze for NR and NexGen, including

2. TSG-SA#74, Dec/2016:

Standalone.

NexGen TR completion
Approval of SA2 WID

..‘
6. RANH#T8/RAN#TI: Stage-3
freeze for Mon-5tandalone higher
layers (including components

1. TSG-RAN#T3, commaon with standalone).

September 2016: Completion target TBD. y

5G MR Requirements

TR completion 4. TSG-SAHTT or TSG-SAR#TE:

I MexGen stage-2 freeze,

[ 5. TSG-RAN#78, December 2017:
- Stage 3 freeze of L1/L2 for comman
aspects of NSA (focused on licensed

3. CHECKPOINT: TSG#75: March 2017:

- Completion of NR 51 with corresponding performance evaluation
and concepts;

. | of RA I . bands] and S& MNR;
T Apprevalo N WID{s); . - Principles 2greed for SA-specific L1/L2
- Report from RANL/RANZ/RAN3I/RANA/SAZ on fwd compatibility
COMPonents. y
of M5A and SA NR; N

- Report from 5A2 on migration;

-S54 and CT timeline coordination;
- Reconfirmation of NR & NexGen timeplan, Including completion
target for NSA higher layer components (box &)

Mote: SA: Standalone
M54 Mon-Standalone

rinati Emilio| 6/04/2017



,{EQ:EREI@ TOMORROW 5G AND LTE EVOLUTION

(=}
o

® Many more spectrum bands & types
®  From below 1 GHz to mmWave (up to 90 GHz)
® Licensed, shared and unlicensed spectrum sharing
®* FDD, TDD, half Duplex

ation (dB/km)
=]

® More diverse deployment scenarios and
®* Device-to-device, mesh, relay
® From wide are to hotspots

® Advanced wireless tech

.........
........
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,@EREI@ FUTURE CAPACITY NEEDS: TB/S (WIRELESS)

Applications and services beyond 2020 will require 1Tb/s wireless connections

A 1 I 1 I
fadThe . o — v
_______________ S N S R S -
10Ths ; i ] : j' Terabit Wireless
1 Thb/s ; ; | - % WLAN (10m)
100Gbfs |———— s e : ' f
10Gb/s |- T i e o b SR e
; | Cellular (100m)
1Gb/s [ e e TR T

10DMBS | e S e e — ———— P —— SRRCHIENRNS. | ——— L
10Mb/s }——— i . — LTE ————————————————
1IMb/s =" ______ oo ¥ a— S T — e L
100Kb/S | S A— — (I L
10Kb/s i " | | ! S
GSM
1995 2000 2005 2010 2015 2020 2025 2030

Reference: G. Fettweis, System Concept for 1 Gbit/s and Beyond, Tutorial IEEE 802 Plenary, Vancouver, November 2005
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,@EREI@ NEW SPECTRUM: ABOVE 90 GHZ FOR 1TB/S

100

220 GHz

! 100 GHz — 7

—
o

100 GHz

Sea Level Attenuation (dB/km)

0.01 -j

0 20 40 60 80 100120 140 160 180 200 220 240 260 280 300 320 340 360 380400
Frequency (GHz)

Jonathan Well, , Faster Than Fiber: The Future of Multi-Gb/s Wireless," IEEE Mircrowave Magazine, May 2009, pp. 104-112
NEREID Workshop | Dr. Calvanese Strinati Emilio| 6/04/2017
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802.11 challenges

802.11bc?

[ 802.11bb?

802.11ba

technically & politically s

802.11ay

802.11ax

802.11ad

Leif Wilhelmsson

- 802.11
Ericsson Research =

EEEEEEEEEEEEEE
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e Current Activities
e Technically
e “Politically”

e Expected Future Activities
e Technically
e “Politically”

e Take-aways

4/6/2017

Outline

NEREID Task 3.2
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Current Main Activities - Technically

Positioning High-Efficiency WLAN

MAC /
802A41aq
802.11az 802.11ak AD
NGP GLK
802.11ai
802.11ba FILS
J Light Comms || | WUR || ____ A e e/ _____ 802.11 | ____.
| (c) TIG -2016
802.11ax 802.11ah
HEW < 1Ghz
802.11ay
NG60 ;
802.11a~
MAC & PHY CMMW
- —  — ) = —_
Y .
Discussion TIG/Study TG without WG Sponsor i Published
Topics groups Approved draft Letter Ballot Ballot Standard

Wake-Up Radio 60 GHz
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Current Main Activities - “Politically”

| Huawei, Qualcomm, Intel, Broadcom,...
N EACH has more power than Europe!

I E rope m Aspirant

™ m Potential Voter
20
I Voter
[ ]

[ |

IIIII
0
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China Telcom Resea

4/6/2017 NEREID Task 3.2



ﬁma@
Expected Future Activities - Technically

 mmW (60 GHz and higher?)
» Massive MIMO -
“802.11ax++” | * New spectrum

e Better support for loT
_* Coexistence with non-802.11

e Visible Light Communications “Green field”

“802.11ay++”




ﬁma@
Expected Future Activities - Politically

e |EEE 802.11 will have to deal with that unlicensed will be used by
other major technologies as well
 The huge advantage of having a band on their own for free is history
e Must be competitive with MuLTEfire and 3GPP

* Must show it can coexist with other technologies. Now it is only the other way
around, other standards must not interfere with Wi-Fi

e Europe needs to determine if they are OK with standing at the side-
line watching, and if not determine how to engage



ﬁma@
Take-Aways

* In terms of wireless data traffic, IEEE 802.11 is the largest carrier. It is
in a sense disruptive is that some thing not so good, suddenly became
good enough at a lower price

* One important key to the success is the free bands. Another that the
key players have teamed up

e |EEE 802.11 and e.g. 3GPP are moving from complementary towards
being more competitive (spectrum and feature-wise)

 From a European perspective, it does not seem good that IEEE 802.11
standardization is happen in rooms where we are not present
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WIRELINE WIRELINE
OUTDOOR COMMUNICATION APPLICATIONS :
“DEVICE
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. INPACKAGE TO .
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OUTDOOR WIRELESS APPLICATIONS

Outdoor & Cellular

Present

2-4years

4-7Years

8 — 15 years

loT Long Range

Sub GHz (10s Kms, Kbs)

Sub GHz (100Km, Kbs)

Sub GHz (100Km, Kbs) ?

To be completed

ultra low power (mW) Ultra low power (<mW) | Toward 0 power?
Hardware Security?
Up & Dwn Links 0.7 to 3GHz (few Mbs) 0.7 to 6 GHz (10s Mbs) 0.7 to 100GHz (10 Gbs) |Up to THz (10s of Gbs)
60GHz (Gbs; Dynamic With dynamic Beam With Dynamic Beam
Beam orientation) Orientation Orientation

Research in 100GHz band

Research over 100GHz
bands

Fix Mini Cell to Mini Cell
& Fix Mini Cell to Cell

Research Activities on
mmW bands:

mmW bands (10 Gbs)
with Beam Focussing

mmW to THz bands (10s
of Gbs) with Beam

mmW to THz bands (100
Gbs) with Beam Forming

Backhauling 28GHz; 40GHz; 60GHz; Research in 100GHz band | Focussing
70-80GHz.
Mobile Mini Cell to Research Activity on mmW bands (10Gbs) mmW bands (10s of Gbs)
Mobile Mini Cell; Dynamic Beam with Dynamic Beam with Dynamic Beam
Mobile Mini Cell to Cell Orientation Orientation Orientation

Backhauling
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OUTDOOR WIRELINE APPLICATIONS

Cellular, Data Centers Present 2-4years 3-6Years 7 — 15 years

long Range, and Long

Haul

Cell to Cell ; Optical Fibers (10 Gbs / |[Optical fibers ( toward 40 | Optic fibers (100 Gbs / | Optic (n x 100 Gbs /
fiber) Gbs / fiber) fiber)? fiber)?

Fix Mini Cell to Mini Cell,

Low cost Optical Fibers?

Low cost Optical Fibers

Low cost Optical Fibers

Fix Mini Cell to Cell (10 Gbs / fiber)? (10s of Gbs)? (100 of Gbs)?
+ Through wall Plastic + Through wall Plastic
Waveguide (10 Gbs) Waveguide (10s of Gbs)
Cell to Data Centers; Optical Fibers (10 Gbs / |Optical Fibers ( toward Optical Fibers (100 Gbs / |Optical fibers (n x 100
Data Centers Long Range |fiber) 40 Gbs / fiber)? fiber)? Gbs / fiber)?

Long haul

Optical fibers ( < 10 Gbs /
fiber)?

Optical fibers (Toward 10
Gbs / fiber)?

Optical fibers (40 Gbs /
fiber)?

Optical Fibers (100 Gbs /
fiber)?
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INDOOR WIRELESS APPLICATIONS

Zigbee (2.4GHz; Kbs)
BTLE (2.4GHz; Kbs)

Wake up systems & Protocol

cooperative radio
Toward « Zero Power »
Hardware Securtiy

Indoor communication |Present 2-4years 3-6Years 7 — 15 years
& Localization
WLAN/WPAN/WBAN WiFi (2.4 — 5GHz; <500Mbs) |WiFi (2.4 — 5GHz; < 1Gbs) Cognitive Multi Mode Cognitive Multi Mode
BT (2.4GHz; <10Mbs) BT (2.4GHz; <10Mbs) Radio 0-6GHz + 60GHz WLAN over 100GHz
DECT (1.9GHz; <100kbs) DECT (1.9GHz; <100kbs) LiFi (10s Gbs) LiFi (100s Gbs)??
Infrared (<10m) Infrared (<10m) P2P over 100GHz bands P2P in sub-THz band
802.11 ad (60GHz; > 1Gbs) |Research in sub-THz band
LiFi (visible light; > 1Gbs)
Research over 100GHz
bands
WSN Ad-hoc(ISM bands; Kbs) 802.11 ah, ax (Mbs, mW) Cooperative sensing, « Recycling material » for

radio
« Zero power node »
Security / Safety / Privacy

Localization ?

Radar (RF; < 10m)
Infrared ( <10m)

Radar (RF &mmW; <100m)
UWB (<20m)
Ultrasound (<10m)

Radar (RF to THz)
UWB

Ultrasound
Impulse light

Multi physics fusion
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INDOOR WIRELINE APPLICATIONS

Indoor & Data Center
Short Range

Present

2-4years

3-6Years

7 — 15 years

WLAN Copper (100Mbs; <5m) Copper (Lower power) Copper (Low power HDR) [Copper (ULP HDR)
PLC (Power line carrier) PLC (10Mbs; 20m) PLC (100Mbs; 20m) PLC (n x 100Mbs; 20m)
(1Mbs; 20m) Optical Fiber (10s of Gbs; |Optical Fiber (100 Gbs; Optical Fiber (100s of Gbs;
Optical Fiber ( few Gbs; 100m) [ 100m) 100m) 100m)
Plastic Optical Fiber(10s of Graded Index POF (100s of | GI-POF (1 Gbs; 10m) GI-POF (10 Gbs; 10m)
Mbs; 10m) Mbs; 10m) mmW Plastic Wave Guide ( [mmW PWG (n x 10Gbs;

few Gbs; <20m) <20m)
WSN PLC (Kbs, 100m) To be completed To be completed

Data Centers Short
Range

Copper (1m; <10 Gbs)
Optical Fibers (10m; 40 Gbs /
fiber)

Copper (1m; 10Gbs)
Optical Fibers (10m; 100
Gbs / fiber)

Copper (1m; 10s of Gbs)
Optical Fiber (10m; n x 100
Gbs / fiber)

GI-POF (1m; 1Gbs)

mmW PWG(1m; 10Gbs)

Copper (1m; 100Gbs)
Optical Fiber (10m; 1Tbs /
fiber)

GI-POF (1m; 10 Gbs)

THz PWG (1m; 10s of Gbs)
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DEVICE TO DEVICE WIRELESS APPLICATIONS

Ultra Short Range

Present

2-4years

3-6Years

7 — 15 years

Die To Die
Package To Package

Research on:

EM Field (Mbs, mm)

ES Field (Mbs, um)
mmW Radio (Gbs, mm)

Data rate > 1Gbs
BER 1012

Data Rate > 10Gbs
BER 101>

Data Rate > 100Gbs
BER 1018

RF (2.4GHz; Mbs)
Research: in mmW bands

RF (2.4GHz; 10Mbs)
mmW (60GHz; 100Mbs)

RF (2.4GHz; 10Mbs)
mmW (60GHz; 100Mbs)
Hardware Security

NFC RF (13MHz; Kbs) RF (13MHz; 100Kbs) RF (13MHz; 1Mbs) Security / Privacy
Hardware Security Embedded
RFID RF (13MHz; Kbs) RF (13MHz; 100Kbs) RF (13MHz; 100Kbs) Security / Safety / Privacy

Embedded
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IN PACKAGE/DEVICE WIRELINE APPLICATIONS

Outdoor & Cellular Present 2-4years 3-6Years 7 — 15 years
Die 2 Die Copper Pilar (Gbs, 100s | Copper Pilar (10 Gbs, Copper Pilar (100 Gbs, Toward 10 Ths over mm
Hm) 100s pum) 100s um) Active Interposers (1Tbs,
Short Bonding (100Mbs, |Photonics Silicon Photonics Silicon mm)
mm) Interposer (100 Gbs, Interposer (Tbs, mm)
Photonics Silicon mm) Active Interposers
Interposer (10s Gbs, mm) | Active Interposers (100Gbs, mm)
(10Gbs, mm)
In Module Bonding (10s Mbs, mm) |Optical guide (100 Gbs, |[Optical guide (Tbs, mms) | Toward 10 Tbs over cm
Optical guide on mms) Flip chipped + Copper
module’s substrate (10s |Flip chipped + Copper (10 (100 Gbs , mm)
Gbs, mms) Gbs, mm)
Flip chipped + Copper
(Gbs, mm)
IN Device Optical guide/Fiber (10s |Optical guide/Fiber (100 |Optical guide/Fiber (Tbs, |Toward 10 Tbhs over 10s
Gbs, 10s cms) Gbs, 10s cms) 10s cms) cms
Copper (Gbs, 10s cms) Copper (10 Gbs, 10s cms) | Copper (100 Gbs, 10s
Graded Index Platic cms)
Optical Fiber(100 Mbs; | GI-POF (Gbs, 10s cms)
cms) mmW Plastic Wave
Guide (10s Gbs, 10s cm)




gl

The Automotive connectivity Market will address different communication connectivity
segments:
The Outdoor 5G, 5G+ Wireless Up and Down links in order to be connected to a Cell
or a Mini-Cell with Doppler effects depending on the speed of the vehicle.
The Outdoor 802.11p (or same kind) Wireless Car to Car links, and Car to Infrastructure
links with huge Doppler effects.
The Indoor WiFi Like and BT evolutions.
The Indoor wireline High Data Rate Links.
If Localization is addressed: mmW Radars; LIDAR; GPS/GALLILEO are close to
the domain.

Head Unit Tathered phone = screen Browght in dewvige, —
-

mirroring to head unit via  connected to
Wi-Fi, telephany fundions  vehides Wi-F F
i ooth Fi Wi-F Hotspat

wia Bluet acoess point

Rear Seat Telematics Control Unit } Antenns module
Entertainment \

NEREID Task 3.2

4/6/2017 Uit

Keyless entry wia
Bluntoath
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BT (<Mbs)

BT?

WiFi? (Beam formed?)
LiFi?

Hardware Security?

Beam formed WiFi??
LiFi??

BT?

Beam Formed mmW??
Hardware Security??

More data rate less
power, less radiated
power lost in the space??
High level of Security??

Copper (3Gbps; W)
Plastic Optical Fiber (10s
Mbs ; 1W)

Copper (12Gbps; W)
Graded Index POF (100s
Mbs; W)

Copper (24Gbps; W)
GI-POF (Gbs; W)

mmW Plastic wave
Guides (10Gbs ; 100mW)

More data rate, less
power, less weight.

4G

5G

5G+

6G

Research on:
802.11p

802.11p (6GHz, < 10Mbs;
2W)
Hardware Security?

802.11p (50Mbs, 1W)
mmW bands (<10Gbs;
1W)

Hardware Security

High level of Security!!
Less power, more data
rate.

GPS

GPS + Gallileo

GPS-Gallileo Combi

Less power, more
accuracy

24GHz SRR; 77GHz LRR
LIDAR
Stereo vision (Visible, IR)

79GHz SRR; 77GHz LRR
LIDAR
Stereo vision (Visible, IR)

Previous sensors fusion
V2X RF cross positioning

Global sensors and
communication fusion

NEREID Task 3.2
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ﬁma@ HEALTH CONNECTIVITY APPLICATIONS

(7 P

The E-Health and Fitness connectivity Market will address different communication WBAN
connectivity segments:
Fitness Monitoring sensors are connected to a “Mobile Web Gateway” by WBAN connectivity.
Health Monitoring sensors and actuators are connected to a « Web Gateway » by
WBAN and intra-body connectivity functions through intermediate nodes or not.
E-Medicine Links use 4G, 5G, 5G+ ... networks from the first Web Gateway in the patient
close environment to the Doctor office.
Main Challenges of such connectivity functions are:
SECURITY / CONFIDETIALITY
RELIABILITY

. ]

Intra-Body
T TJ_» = s

o

":«e_MediCine 3 | g Y iy .g
¥ Fitness o) [
Monitoring
7l e
(00— T

i
4/6/2017 NEREID Task 3.2 36

-
Rearing nid:; !! .;d

ain,

Cardiac implonis |ql-r':': —
s

4
-
e,

Cochlear implants

sl o u

— -




gﬁ@vmﬂ@

HEALTH CONNECTIVITY APPLICATIONS

Health Specific Present 2-4years 3-6Years 7 — 15 years
connectivity
WBAN Ad-hoc(ISM bands; Kbs)  |Ad-hoc(ISM bands; Kbs) |0.4 to 2.4 ULP cognitive Safety / Security / Privacy
Zigbee (2.4GHz; Kbs) Zigbee (2.4GHz; Kbs) evolution (Mbs, 100uW) |embedded
BTLE (2.4GHz; Kbs) BTLE (2.4GHz; Kbs) Security embedded
802.11 ah, ax (Mbs, mW)
Intra-Body Ad-hoc(ISM bands; Kbs) Ad-hoc(ISM bands; Kbs) UWSB (<100kbs, 10uW) Safety / Security / Privacy
Zigbee (2.4GHz; Kbs) Zigbee (2.4GHz; Kbs) Ultrasonic (<Kbs, 1uW) embedded
BTLE (2.4GHz; Kbs) BTLE (2.4GHz; Kbs) Other ULP
UWB (<100kbs, 100uW) |Security embedded
Ultrasonic (<Kbs, 10uW)
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Connectivity Functions Figure Of Merit : Connectivity-FOM

* How to evaluate the Figure of Merit of a function?

e | would propose an approach, which will be discussed with NEREID experts in
the following conference calls or meetings:

* The industrial concern is to evaluate what is the efficiency of a function versus the cost
of this function.

e Starting from this ratio, we can try to define what the efficiency of a connectivity
function is:

* The efficiency could be the data rate multiply by the range moderated by the error rate and
divided by the power consumed.

Data_rate(Gbs) X D*(m) X 55
FOM = BER

Psupply(W)
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