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5G will be a toolbox for empowering the_

FACTORIES OF THE FUTURE 0 ENERGY
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© Time-cntical process control
© Non time-critical factory automation
© Remote control

© Grid backhaul

© Grid backbone
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© Intra/Inter-enterprise )
communication © Robotics
© Connected goods © Remote monitoring
© Smarter medication

MEDIA &
ENTERTAINMENT

© Ultra High Fidelity Media

© On-site Live Event Experience

© User/Machine Generated Content
© Immersive and Integrated Media
© Cooperative Media Production

© Collaborative Gaming

AUTOMOTIVE
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© Automated driving O Digitalization of Transport and Logistics
© Share My View © Information Society on the road
5G — A driver for industrial and societal changes
Source: 5G Infrastructure Association: 5G Empowering vertical industries, White Paper, 2016
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5G System Architecture

®* 5G network architecture
— Optimized for different use-cases enabled by native support for NFV (‘network slicing’)
— Core network shall be access agnostic
— Highly distributed architecture
— Dependent of good, extensive transport infrastructure
— Priority, QoS will be essential for supporting services with very different characteristics

— IMS (more or less unmodified) still the service engine

* The architecture is more modular. However, not revolutionary, rather an evolution from rel. 14 CUPS
(Control-Plane User-Plane Separation).
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5G Access network

®* Long term 5G is about more than the 4*aMIMO
New Radio (NR), but:

— A new radio interface will be defined for 5G
— Massive MIMO
— Flexible and more spectrum efficient than 4G.

— Spectrum from sub 1GHz to 100GHz, even
unlicensed

— FDD operation in paired bands

— TDD operations in unpaired bands

— Tight interworking LTE and NR

— Both NR and LTE-A Pro candidates for IMT-2020

telenor
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New ITU Report on IMT-2020 Minimum Requirements

Metric______________|Requiement _________________|Comments

Peak Data Rate

Peak Spectral Efficiency

User Experienced Data Rate

Area Traffic Capacity
User plane latency

Control plane latency

Connection Density

DL: 20 Gbps
UL: 10 Gbps

DL: 30 bps/Hz (assuming 8 streams)
UL: 15 bps/Hz (assuming 4 streams)

DL: 100 Mbps
UL: 50 Mbps

Indoor hotspot DL: 10 Mbps/m?

eMBB: 4ms
URLLC: 1ms

20ms (encouraged to consider 10ms)

1M devices per km?

Single eMBB mobile in ideal scenarios assuming all
resources utilized

Single eMBB mobile in ideal scenarios assuming all
resources utilized

5% CDF of the eMBB user throughput

eMBB

Single user for small IP packets, for both DL and UL
(eMBB and URLLC)

Transition from Idle to Active (eMBB and URLLC)

For mMTC

Reliability 99.9999% success prob. 32 L2 bytes within 1ms at cell edge
Bandwidth >100 MHz; up to 1 GHz in > 6 GHz Carrier aggregation allowed
DRAFT NEW REPORT ITU-R M.[IMT-2020.TECH PERF REQ], “Minimum requirements related to
lﬁ?{ﬁﬂéﬂf technical performance for IMT-2020 radio interface(s),” Document 5/40-E, 22 February 2017 ni.com/5g




3GPP Rel-15 establishes a solid foundation for 5GNR

For enhanced mobile broadband and beyond

Scalable OFDM-
based air interface

Flexible slot-based
framework

Y avavavara

f Y Y Y XY
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Scalable OFDM
numerology

Self-contained
slot structure

Efficiently address diverse
spectrum, deployments
and services

Key enabler to low
latency, URLLC and
forward compatibility

Advanced
channel coding

N

ME-LDPC
and CA-Polar

Efficiently support large
data blocks and a reliable
control channel

Massive
MIMO

N

Reciprocity-based
MU-MIMO

Efficiently utilize a large #
of antennas to increase
coverage / capacity

Mobile
mmWave

/I\

Beamforming
and beam-tracking

Enables wide mmWave
bandwidths for extreme
capacity and throughput

Source: Qualcomm
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New RAN Architecture Options
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http://www.3gpp.org/news-events/3gpp-news/1929-nsa_nr_5g

3GPP standardization timeline

Rel-15 Rel-15
NSA NSA

(option-3) (option-3) Rel-15 SA
| (option-2)
freeze Rel-15 late Rel-15 late
drop freeze drop ASN.1

Rel-16 SI Rel-16 SI/WI phase

Rel-16
freeze

Rel-16
ASN.1



From RAN chairman’s report after RAN#79:
Release timeline unchanged

a Rel-15 schedule unchanged
e Architecture Option 3: ASN.1 Freeze March 2018

e Architecture Option 2: ASN.1 Freeze September 2018
e Architecture Option 5: ASN.1 Freeze September 2018

e Priorities unchanged: Until June WGs shall prioritize Option-3 stabilization (only essential corrections
allowed), and on Option-2 specification work

A Rel-16 schedule unchanged
* Approval of the main package of Sls/WIs to be done in June/2018 as already planned

© 3GPP 2017 11
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From RAN chairman’s report after RAN#79:
Late drop for Rel-15

Introduce a late drop for Rel-15 that follows Rel-15 completion by 6 months

M  The late drop is to exclusively contain NR architecture options that were not completed by
September ASN.1 drop

2

2

Options 4, 7 are part of the late drop
NR-NR DC to be considered to be added to the late drop at RAN#80

Band combinations which are not completed by June 2018 (other than NR-NR DC combinations) will
be moved to Rel-16 band specifications, but continue to be release independent.

In case Option 5 is not completed by September ASN.1 drop, it will be part of the late drop

The late Rel-15 ASN.1 drop is to be strictly backwards compatible

© 3GPP 2017 12
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From RAN chairman’s report after RAN#79:
loT — interim conclusions for Rel-16

No NR based solution will be studied or specified for the LPWA use cases

LPWA use cases will continue to be addressed by evolving LTE-M(eMTC)
and NB-loT

Potential enhancements to the already supported coexistence between NR
and LTE-M(eMTC)/NB-1oT in Rel-15 may be studied and enhancements
standardized if useful and not adversely affecting legacy UEs

RAN aspects needed for adding connection of LTE-M(eMTC)/NB-loT to 5G
core will be discussed based on SA2 study outcome

Discussion on other aspects of Rel-16 loT will continue until June 2018

© 3GPP 2017 13



3GPP Specification series

Click on spec number for details

S N [ —

G0 to spec numbering scheme page

TS 3811 MR Uzer Equipment (UE) radio transmission and reception SPECIFICATION WITHDRAWN
TS 331011 MR; Uzer Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone

TS 38.101-2 MR; Uzer Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone

TS 38.101-3 MR; Uzer Equipment (UE) radio transmission and reception; Part 3: Range 1 and Range 2 Inferworking operation with other radios

TS 38.101-4 MR; User Equipment (UE) radic transmission and reception; Part 4: Performance reguirements

TS 35,104 MR; Base Station (BS) radio fransmission and reception

TS 38113 MR; Base Station (BS) ElectroMagnetic Compatibility (EMC)

TS 38124 MR; Electromagnetic compatibility {EMC) requirementz for mobile terminalz and ancillary equipment

TS 33133 MR; Requirements for support of radio resource managerment

TS 38141 MR; Base Station (BS) conformance testing SPECIFICATION WITHDRAWMN
TS 3531411 MR; Base Station (BS) conformance testing Part 1: Conducted conformance testing

TS 38.141-2 MR; Base Station (BS) conformance testing Part 2: Radiated conformance testing

TS 38201 MR; Physical layer, Gensral description

TS 38202 MR; Services provided by the physical layer

TS 38211 MR; Physical channels and modulation

TS 38.212 MR; Multiplexing and channel coding

TS 38213 MR; Physical layer procedures for control

TS 33214 MR; Physical layer procedures for data

T3 33215 MR; Physical layer measurements

TS 3R W MR- Cersll desrerintinn: Stane_?

14

Full list here: http://www.3gpp.org/DynaReport/38-series.htm
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http://www.3gpp.org/DynaReport/38-series.htm
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IMT2020 submission format

Submission 1

e SRIT
* Component RIT: NR (TBD incl. NB-loT, eMTC)
* Component RIT: EUTRA/LTE (incl. standalone LTE, NB-loT, eMTC, and LTE-NR DC)

Submission 2

* In addition to above, submit an NR RIT on it’s own

« The planis to leverage the NR RIT as in submission 1; exact proposal TBD by final submission
Naming

*  Name:5G

* Footnote: Developed by 3GPP as 5G, Release 15 and beyond
Self-evaluation

* Detailed plan for 3GPP’s self-evaluation agreed in RP-172101

© 3GPP 2017

15


ftp://ftp.3gpp.org/tsg_ran/TSG_RAN/TSGR_77/Docs/RP-172101.zip

Way forward

®* R15 SA spec for 5G NR and NG core stand alone expected to be approved this
week

® Plenaries in La Jolla, US
®* R16 study and work item packages expected to be agreed this week
®* Submission of 5G candidate technologies to ITU mid 2019
® First 5G NR CPE terminal showcased at MWC 2018
®* 5G NR handsets expected 2019

“ telenor
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What is 5G? Radio Design (NR)

A new set of technologies for a generation leap in capabilities

Downlink waveform
Uplink waveform
Channel coding
Beamforming
Spectrum

Bandwidth

Network slicing

QoS

Small packet support
In-built cloud support

2 2017 Qualcomm [ Nokia

CDMA
CDMA

Turbo

No
0.8-2.1GHz
5 MHz

No

Bearer based
No

No

Turbo cnr. data) / Polar

No
Bearer based
NS

No Yes




IMT2020 submission - timeplan

IMT-2020 SUBMISSIONS MILESTONES

2017

Mar Jun

#28 #29
3-11 Oct || =XNENETA =0
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Sept

#30
13-20Jun

#31 bis
11-15 Feb
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_________________________________________________________________________

2020

Sept

#33
9-13 Dec
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3GPP RAN PLENARY

#77

11-14 Sept

#78
18-21 Dec

#79

19-22 Mar

#80
11-14 Jun

#81

10-13 Sept

#83
18-21 Mar

#32

10-13 Dec

#84
3-6 Jun

#85

16-19 Sept

© 3GPP 2017
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IMT2020 submission - tinneplan

Submission
Milestone 3GPP Meeting
Name
RAN # 77
Workshop Sept 2017
Initial RAN # 78
Templates Only Dec 2017
Update & RAN # 81
Self-Eval Sept 2018
Final RAN # 84
June 2019

ITU-R
Meeting

WP 5D #28
Oct 2017

WP 5D # 29
Feb 2018

WP 5D #31
Oct 2018

WP 5D # 32
July 2019

General
Submission
Content

Overview

Description
Templates

Description
Templates

Compliance
Templates

Self-Evaluation

Description
Templates

Compliance
Templates

Self-Evaluation

Submission
Templates
(Release Basis)

Description
Templates 5.2.3
(R15)

Description
Templates 5.2.3
(R15)
Compliance
Templates 5.2.4
(R15)

Description
Templates 5.2.3
(R15+R16)
Compliance
Templates 5.2.4
(R15+R16)

Self- Evaluation
(Release Basis)

Self-Evaluation
(R15)

Self-Evaluation
(R15+R16)

© 3GPP 2017
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RAN1 |
led

RAN2
led T

R16 discussion: RANI

2018 Q3 2018 Q4 2019 Q1 2019 Q2 2019 Q3 2019 Q4
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NR-NR DC sync (TBD for late

NR V2X WI
NR-U WI

RIM WI

NR UE power consumption WI
NR Positioning WI

NR-NR DC WI

NB-IoT enhancements (LTE track)

eMTC enhancements (LTE track)

IAB WI

Mobility enhancements WI

eURLLC WI

Note: Yellow numbers show TUs
from the LTE allocation, in some
cases for NR Wis/SI

Misc impacts coming from other RAN2/3/4 SI/WI
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RAN2+
led

RAN1
led

RAN3
led _{

R16 discussion: RAN2 and RAN3

NR-NR DC sync (TBD for late

IAB WI

eURLLC SI

NR Mobility enhancement SI/WI
MR DC enh. WI

NR V2X WI

NR-U WI

NR-NR DC WI

Misc. impacts from other RAN1/RAN3 NR WIDs*
* MIMO, NTN, UE power, Positioning, SON/MDT , NOMA

NR SON/MDT WI
Misc impacts from RAN1 and RAN2 SI/WIs

2018 | 2018 | 2019 | 2019 | 2019 | 2019
Q3 Q4 | Q1 Q2 Q3 Q4
NR:2 NR:1 NR:9 NR:2 NR:1 NR:3
LTE:0 9 () 6 -
LTE:19 LTE:10 LTE:20
1 6 3 6

LTE:9
4
4
4

LTE:14

2
1 3 6
1 2 4
1 2 4

0* 0* 1 2 1 2
o 1, |1, 1, " 1, '2

Note: Yellow numbers show TUs from
the LTE allocation used for NR WIs/SI

DD
0 2 4

0 |15 3

RAN2
TUs

_ RAN3
TUs

1 2|2 4 2 4



Table 4.2-1: Supported transmission numerologies.

o0 | 1 [Normal |
30  [Nomal |

60 | Normal, Extended
0 [Nomal
o0 [Nomal
480 [Noma
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Modulation

/2-BPSK
BPSK
QPSK

16 QAM
64 QAM
256 QAM
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Physical channels UL

* The following uplink physical channels are defined:
— Physical Uplink Shared Channel, PUSCH
— Physical Uplink Control Channel, PUCCH
— Physical Random Access Channel, PRACH

* The following uplink physical signals are defined:
— Demodulation reference signals, DM-RS
— Phase-tracking reference signals, PT-RS
— Sounding reference signal, SRS

telenor
group




Physical channels DL

* The following downlink physical channels are defined:
— Physical Downlink Shared Channel, PDSCH

— Physical Broadcast Channel, PBCH
— Physical Downlink Control Channel, PDCCH.

* The following downlink physical signals are defined:
— Demodulation reference signals, DM-RS
— Phase-tracking reference signals, PT-RS
— Channel-state information reference signal, CSI-RS
— Primary synchronization signal, PSS
— Secondary synchronization signal, SSS

telenor
group




* UL/DL decoupling
® Spectrum sharing 4G 5G
* Self backhaul
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