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NR Release 15 — Overview

Scope: Timeline

* Enhanced Mobile o Tl o1 [ o | 03 | o4 [OINNOR T GeNNOE 01 [ o2 | 03 | of WL i.0zm
QL[ Q2 | Q3 Q4 QL[ Q2 | Q3 | Q4
Broadband (eMBB) 3GPP Workshop on 5G
. Basic URLLC S S AR o 5 son vk o |

Completion of NR Sl and start of NR WI

AN
* Upto52.6 GHz Non-standalone: Architecture Option 3 Non-standalone 5G-§‘R . |A SR aLs NR? 5
Standalone: Architecture Option 2 tandajone 5G- ate Drop
Late Drop: Architecture Options 4, 7 and NR-NR DC ‘ Release i _

5G NR Enabling Technologies

Scalable Flexible Frame Advanced Channel Enhanced MIMO Beamforming
Numerology Structure Coding

Single framework for ~ Flexible TDD Low-Density Parity- Higher spectral mmWave support
<1 Gz =50 iz Forward-compatible Chheck %DPCI) forhigh efficiency Enhanced coverage
Low latency: design el LIS et MU-MIMO support

one-way latency ~1ms latency data channels.

New radio interface to set the foundation to meet IMT2020 requirements & beyond

2 © 2019 Nokia
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Release 15

Release 17

Enhanced Industrial Advanced
Mobile Internet of loT
Broadband Things

P«
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Release 16 - Overview

 Focus « Main features
» Capacity enhancement Capacity and Operational efficiency
» Operational efficiency «  MIMO enhancements «  MR-DC (Multi-RAT Dual
: i +  UE power saving Connectivity)
« Expansion to vertical markets N
«  Cross Link Interference / *  Mobility enhancements
Remote interference » Direct data forwarding
. Ti lin Management (CLI/RIM) for inter-system
'meline « Integrated Access & mobility
2018 2019 2020 Backhaul (IAB) «  SON&MDT
QL | Q2 | Q3 | o4 | Q1| @

e Wireless-Wireline

s Oa TG el

A A A URLLC (Ultra Reliable e NRunlicensed
High ASN.1 .
Freeze Layer  Freese Low Latency «  Private network support
Freeze Communications)

* NR Positioning
« lloT (Industrial 1oT) V2X (Vehicle to

« 2-step RACH Everything)
4 © 2019 Nokia NOKIA



5

MIMO Enhancements

Including:

1. Improved channel state feedback for

Multi-User MIMO
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Cell Coverage

© 2019 Nokia

2.

Enhancements for multi-beam operation
and multi-transmission-point operation
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Single PDCCH Multiple PDCCH
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Ultra-Reliable Low Latency Communications (URLLC)

and the Industrial Internet of Things (lloT)
* Release 15 provided basic URLLC functionality, targeting at 1ms latency and 10-° reliability

« Release 16 motivation to further enhance URLLC
 Latency in the range of 0.5 — 1 ms, reliability in the range of 106
« Support new use cases, e.g. factory automation, transport industry
» Further enhance release 15 use cases, e.g. AR/VR, gaming.

NOKIA
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UE Power Saving

« Targeting better power efficiency than LTE.

Wake-up indication Wake-up indication
monitoring

Fower

Time

7 © 2019 Nokia NOKIA



Remote Interference Management (RIM) ‘ Eloyabocl layer
A reflection/refraction

Motivation:

Detect/mitigate interference from remote
base stations due to ducting.

Line of sight with multipath
enhancements

0.5ms slot
Aggressor D g‘ u
cell: Propagation
delay

Victim G
D U
cell: _ P
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Fibreless Backhaul — Integrated Access & Backhaul (IAB)

Motivation:

» Support wireless backhaul
* Improve capacity

* Improve coverage

NOKIA
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NR Unlicensed — NR-U Spectrum priorities in Rel-16:

« Licensed spectrum is the cornerstone of 5> GHz Band 6 GHz Band

wireless-mobile service

(coveragel/efficiency /reliability). ‘ >150 = 5925 MHz > 2925 - 7125 MHz g

. . Fair co-existence with existing Greenfield band
 Unlicensed spectrum complements licensed,  technologies - wiFi and LTE LAA US: 5925 — 7125 MHz, Europe: 5925 — 6425 MHz
boosting Capacity and improving data At least energy detection based channel access
connectivity.
Dual-Connectivity or
Carrier Aggregation
Licensed Spectrum
B ——
Exclusive use Licensed NR + NR-Unlicensed
Dual Connectivity or Carrier
> Aggregation
v Improved NR user experience
with additional spectrum
Unlicensed Spectrum . :
P NR without licensed Stand-alone NR-Unlicensed

Shared use anchor carrier

New markets,
deployments, use cases NOKIA

10 © 2019 Nokia



NR Positioning

11

Rel-15 provides support for RAT-independent positioning techniques, and OTDOA on an LTE carrier

Rel-16 introduces native NR support for UE positioning to support regulatory and commercial use
cases:

* Regulatory requirement: horizontal error <50 m with 80% confidence
« Commercial target performance:
* Outdoor horizontal error < 10 m with 80% confidence. .
. . . Location Server
* Indoor horizontal error < 3 m with 80% confidence.

+ Utilize NR capabilities e.g. operation in FR1 and FR2, !TET!
&=

higher BW and massive antenna arrays with beamforming.

RAT-dependent positioning schemes:
» DL-Time Difference Of Arrival (TDOA)
« UL-TDOA
» DL-Angle of Departure (AoD)
» UL-Angle of Arrival (AoA)

Measurements for

» Multi-cell Round trip time (RTT) UL AoA
. E-CID UL RSRP
UL RTOA Measurements for

gNB Rx-Tx time difference DL RSRP per beam/gNB

DLRSTD
UE Rx-Tx time difference

© 2019 Nokia NOKIA



Vehicle-to-Everything (V2X) Pedestrian = N
Vehicle Ro; () Apsptilrfra: :0“
« Takes Cellular V2X to a new level T )

» LTE V2X provides basic road safety support, with i
some enhancements in Rel-15 to increase data
rates and reduce latency.

* NR V2X additionally provides support for
advanced use cases, with much lower latency,
higher data rates and improved spectral efficiency

» Platooning

+ Extended sensors

» Advanced driving
 Tele-operated driving

NOKIA
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Release 17 - Further evolution

R
L

-

A

(Rj "
Release 15

A
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Release 16

Release 1/

Enhanced

Industrial Advanced
Mobile Internet of loT
Broadband Things

D 2
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Release 17

| 2019

| Q2 | Q3

2020
| Q4 _ Q1 |

2021 |

Q2 | Q3 |

VAN
Rel-17
Workshop

Topics under consideration:
NR Light

Small data

Enhancements

Sidelink Enhancements

Above 52.6 GHz

14

© 2019 Nokia

Multi-SIM

NR Multicast/ Broadcast
Coverage
Enhancements

NB-loT Enhancements

RAN Slicing
Enhancements

A ‘—15 months release-to-release freeze date—n A

Rel-17  Rel-16
Approval Freeze

lloT/URLLC
enhancements

MIMO Enhancements
NTN Enhancements

IAB Enhancements

UAV Enhancements

Rel-17 Rel-17
Freeze ASN.1

NR-U Enhancements

Power saving
Enhancements

Data collection
Enhancements
Positioning

Enhancements

NOKIA



NR-Light in Rel-17

Low Latency
10
8
. 6 N
Battery Life Reliability
Cost Peak Data Rate
Coverage

I

15 © 2019 Nokia Nokia - Customer Confidential



Industrial Use Cases

. Drone remote control
(NR-Light)

.. Crane remote control
(NR-Light)

Electricity distribution )
(URLLC/TSC) :

Robotic control
(URLLC/TSC)

. High-def video
(NR-Light)

. Industrial sensor
(NR-Light)

Asset tracking

(eMTC/NB-IoT)

NOKIA
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Enhanced Industrial 10T

* Enhanced Time Sensitive Communications (TSC) for private WANs

17 © 2019 Nokia NOKIA



Non-Terrestrial Networks

 Bringing truly ubiquitous coverage

Core Network

18 © 2019 Nokia NOKIA



Unmanned Aerial Vehicles
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NR beyond 52.6 GHz

Larger carrier bandwidth
Component carriers > 400 MHz

Waveform design
Power efficient, low demodulation
complexity

Enhanced beam management

Managing narrower beams and more
beams

Enhanced path diversity
Methods for improving path diversity
and increasing the probability of LoS

20 © 2019 Nokia
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Copyright and confidentiality

The contents of this document are proprietary and
confidential property of Nokia. This document is
provided subject to confidentiality obligations of the
applicable agreement(s).

This document is intended for use of Nokia’s
customers and collaborators only for the purpose
for which this document is submitted by Nokia. No
part of this document may be reproduced or made
available to the public or to any third party in any
form or means without the prior written permission
of Nokia. This document is to be used by properly
trained professional personnel. Any use of the
contents in this document is limited strictly to the
use(s) specifically created in the applicable
agreement(s) under which the document is
submitted. The user of this document may
voluntarily provide suggestions, comments or other
feedback to Nokia in respect of the contents of this
document ("Feedback").

23 © 2019 Nokia

Such Feedback may be used in Nokia products and
related specifications or other documentation.
Accordingly, if the user of this document gives Nokia
Feedback on the contents of this document, Nokia
may freely use, disclose, reproduce, license,
distribute and otherwise commercialize the
feedback in any Nokia product, technology, service,
specification or other documentation.

Nokia operates a policy of ongoing development.
Nokia reserves the right to make changes and
improvements to any of the products and/or
services described in this document or withdraw this
document at any time without prior notice.

The contents of this document are provided "as is".
Except as required by applicable law, no warranties
of any kind, either express or implied, including, but
not limited to, the implied warranties of
merchantability and fitness for a particular purpose,

are made in relation to the accuracy, reliability or
contents of this document. NOKIA SHALL NOT BE
RESPONSIBLE IN ANY EVENT FOR ERRORS IN THIS
DOCUMENT or for any loss of data or income or any
special, incidental, consequential, indirect or direct
damages howsoever caused, that might arise from
the use of this document or any contents of this
document.

This document and the product(s) it describes
are protected by copyright according to the
applicable laws.

Nokia is a registered trademark of Nokia
Corporation. Other product and company names
mentioned herein may be trademarks or trade
names of their respective owners.
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