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Introduction 2

5G Main Drivers, Use Cases, KPIs

5G Main Drivers 5G Use Cases

5G Main KPIs
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5G in 3GPP

Issues Discussion/Decision

IMT-2020
Submission

5G
Brand Name

Spec
Terminology

* 3GPP submission to IMT 2020 (a.k.a 5G) will include
v New Radio of 5G, a.k.a NR
v Evolution of LTE-Advanced Pro
* Submission Format
v SRIT (component RIT of NR and E-UTRA/LTE)
= Component RIT: NR (TBD incl. NB-IoT, eMTC)
= Component RIT: EUTRA/LTE (incl. standalone LTE, NB-IoT, eMTC, and LTE-NR DC)
v NR RIT only

*'5G’ is brand name of 5G specifications published by 3GPP
*New ‘5G’ logo has been determined

3)

* Which specifications?
v' 36 series and 38 series from Rel-15 and onwards for radio specifications

* Radio Access

v' E-UTRA: name of LTE radio access

v NR: name of new Radio
* RAN

v' E-UTRAN: a RAN that connects to EPC

v NG-RAN: a RAN that connects to 5G-CN (needs to be confirmed)
*5G-CN
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5G overall timeline in 3GPP .

2015 . 2016 ., 2017 ., 2018 , 2019 ., 2020 R
| | ! ! ! ! ! -
3GPP Release Rel-13 Rel-14 Rel-15 \‘ Rel-16 ‘>\\ L2 i.
Timeline ! .\ !
5G Standardization 5G Phase 1 Standnardlzat|o G Phase-2 St;and\aréllzatlo:n
Start ! : | \ S Vo
: i : [ —— A ) A
' Performance roposaly LoV
ITU-R IMT-2020 ! Requirements/ ! = ation \ ‘\ !
Submission ! EVa'“ﬁt'gn s E“\/a uation ) ‘!
: metho aly drop  SA dr \!
i i ; ('Earlsy:m 1)(189A;£1)\\ \
| ; . '17.3 ' 203 |\
i i | v
5G NR ! : ! Phase 1 NR Phase 2 NR vil
! ! ! " : 20,2, IMT-2020 RIT
: : : Initial 56 Coimprehensive 5G suhmlssmn
= NR +\ LTE-A Pro
LTE-A Pro ¢ [ 456 I 56 J :
| \
i | ' | | g | | \
s s s e B A
Demo/ | E i i l l l :
Commercialization ’ ’ : A ’ X ’ ’ i
5G Demo Initial 5G 5G Plus
('18.2, Pyoungchang) ('19.2H) (Mid. 2020s)

* Phase 1: Rel-15

Phased NR v NSA NR early drop : stage 3 freelzing in '17.12 (AS'N.l.frelezing in '18.3)
v SA NR drop: stage 3 freezing in '18.6 (ASN.1 freezing in '18.9)

*Phase 2: Rel-16
v' Comprehensive 5G: stage 3 freezing in '19.12 (ASN.1 freezing in ‘20.3)

Approach
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IMT-2020 Submission Time Plan

2017 Mar

#30
13-20 Jun

#31 bis
11-15Feb

__________________________________________________________________________

Jun l Sept

o—o—0—10+—o—¢——10@+—oo—o——§

2020

#33
9-13 Dec

Sept

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

#82
10-13 Dec

#84
3-6 Jun

#85
16-19 Sept

#86
9-12 Oct

Reference: RP-172098: 3GPP submission towards IMT-2020, ITU-R Ad-Hoc Contact person (Telecom Italia)
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Current status of 5G NR in 3GPP 7

Previous works for 5G NR in 3GPP

* RAN level SI of channel modelling for frequencies above 6 GHz

v SI rapporteur: Samsung

v' SI was completed in '16.06

v" TR 38.900 was approved in '16.06 and now v14.3.1 is available
* RAN level SI of scenarios and requirements for NR

v SI Rapporteur: CMCC

v SI was completed in '16.12

v' TR 38.913 was approved in '16.09 and now v14.3.0 is available
» Technical NR study item

v SI Rapporteur: NTT DOCOMO

v" SID was completed in '17.03

v' TR 38912 v14.1.0 is now available

Ongoing works for 5G NR in 3GPP

* Phase 1 work item started from '17.03, targeting final ASN.1 completion in '18.09
v' ASN.1 freezing for NSA-NR is scheduled in ‘18.03 (stage 3 freezing in '17.12)
v" ASN.1 freezing for SA-NR in ‘18.09 (stage 3 freezing in ‘18.06)

« Phase 2 study items were approved in '17.03, but actual study will begin from ‘18. 1Q
v' Completion of Phase 2 work items is scheduled in ‘20.03

Copyright 2018. LG Electronics Inc. All rights reserved @ LG

Life's Good



What’s in 5G NR Phase 1? :

Target contents for Rel-15 phase 1 work item

»  Support for both Standalone and Non-Standalone operation will be included, work starting in conjunction and
running together
v NSA (Non Stand-Alone) NR in this context implies using LTE as control plane anchor
v" SA (Stand-Alone) NR in this context implies full control plane capability for NR

NextGen NextGen

NextGen Core Core

Core

. w 1 N
Reference: RP-161266, D
Deutsche Telekom
NSA-NR: SA-NR:
Stage 3 completion in ‘'17.12 Stage 3 completion in ‘18.6

» NSA-NR (stage 3 completion in “17.12) : eMBB + low latency
» SA-NR (stage 3 completion in “18.06) : eMBB + URLLC
» <6GHz and >6GHz in scope (cf. frequency above 52.6 GHz will be included in phase 2)
v" NR general, 3.5G, 4.5G, 28G, LTE (1,2,3,4,5CC)+NR (1CC), intra-band and inter-band NR
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Approved NR Study Items

E Approved 3GPP NR study items (from RAN #75)

Title

Leading
WG

Rapporteur

Qualcomm, Ericsson,

Note

<6GHz, >6GHz

New SI: Study on NR-based Access to Unlicensed Spectrum RANT1 Nokia, Infel, Samsung| | standalone) LA, DG

New Study Item proposal: Study on Non-orthogonal Multiple Access for NR RAN1 ZTE’SSQZL’];MGI’ 2 step RACH out-of-scope

Study on NR to support Non-Terrestrial Networks RAN1 Thales, Dish Qhanngl fRoeeiuteciane
discussion

. LG, Qualcomm, Evaluation methodology for

Study on evaluation methodology of new V2X use cases RAN1 DOCOMO, Intel V2X phase 3

New SID Proposal: Study on Integrated Access and Backhaul for NR RAN2 Qualcomm, Samsung In-bgnd/out-band il
Multi-hop relay

New Study Item on Self Evaluation towards IMT-2020 submission ITU-R AdHoc nILELEL Encsgon, el eV aI_uatlon e el A0

Telecom Italia submission
New SID on CU-DU lower layer split for New Radio RAN3 NTT DOCOMO Study underway
New SID on Study on test methods for New Radio RAN4 il CATT’. Clelegili || QIR NRE e
MediaTek 6GHz

Follow up normative work

Study on Separation of CP and UP for split option 2 for NR RAN3 Ericsson approved targeting a June/2018

completion

NR phase 2 SI: put on hold, study will begin in Q1, 2018

NR SIs now underway
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Requirements & Scenarios [1/3] u

RAN level SI of
scenarios &

requirements
for NR

New Gen.

Access Techs.
(Target Scenarios)

* Study item rapporteur : CMCC

+ SI was completed in RAN #74

Indoor Hotspot
Dense Urban
Rural
Urban Macro
High Speed

Extreme Rural for the Provision of Minimal
Services over Long Distance

Urban Coverage for Massive Connection
Highway Scenario
Urban Grid for Connected Car
Commercial A2G scenario
Light aircraft scenario

Satellite extension to Terrestrial

+ SID was approved in December, 2015
*TR 38.913 approved after RAN #73 (September, 2016)

eMBB mMTC URLLC eV2X <6GHz =6GHz
] ] ] ]
] ] ]
]
] ] ] ]
] ] ]
] ] ]
] ]
] ]
] ]
] ]
] ]
] ] ] ]

Exact mapping between deployment scenarios and use cases is TBD
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Requirements & Scenarios [2/3]

12

Peak Data Rate

Peak Spectral Efficiency

Bandwidth

Control Plane Latency

User Plane Latency

Latency for Infrequent Small Packets

Mobility Interruption Time

Inter-system Mobility

Reliability (URLLC)

Reliability (eV2X)

DL-20Gbps
UL-10Gbps

DL-30bps/Hz
UL-15bps/Hz

Up to IMT-2020
Requirement

10ms

URLLC-0.5ms
eMBB-4ms

No worse than 10s

Oms

btw
IMT-2020 & IMT

(1-10) with latency
1ms

(1-10->) with latency
2~10ms

Coverage

UE Battery Life

UE Energy Efficiency

Cell/TRP Spectral Efficiency

Area Traffic Capacity

User Experience Data Rate

5t Percentile User Spectral Efficiency

Connection Density

Mobility

Network Energy Efficiency

New Gen. Access Techs.: Target KPlIs

MCL:164dB (160bps)

Function of data rate

10y
(15y is desirable)

Qualitative

3x IMT-Advanced

Factored by SE,
site density, BW

Factored by
5% SE & BW

3x IMT-Advanced

106 devices/km?

500km/h

Qualitative
Quantitative
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Requirements & Scenarios [3/3]

13

New Gen.
Access Techs.
(Requirements)

Operational
Requirement

Architecture & Migration

Tight interworking btw. New RAT and LTE
Support of connectivity through multi-TxPs

Flexible options for splitting the RAN architecture

Deployment flexibility e.g. to host relevant RAN, CN
and application functions at the edges of the network

C-plane/U-plane separation

Deployments using Network Function Virtualization
Independent evolution of the RAN and the CN
Operation of Network Slicing

Sharing of the RAN between multiple operators

Supplementary Services

Multimedia Broadcast/Multicast Service

Location/Positioning Service
— The NR should enable, and improve if suitable,
state-of-art positioning techniques

Public safety communications

Critical
Comm.
Service

Emergency communications
Public warning/emergency alert

V2X Communication

Deployment possible in at least one identified IMT-band

Easy operation and Self Organization requirements

Channel bandwidth scalability

Complexity-related requirements

Spectrum flexibility

Cost-related requirements

Duplexing flexibility

Energy-related requirements

Support of shared spectrum

Security & Privacy related requirement relevant for Radio Access

Spectrum range: up to 100GHz

Performance monitoring and management

Support for wide range of services

Lawful Interception

Co-existence and interworking with legacy RATs

Backhaul and signaling optimization requirements

Control of EMF exposure levels requirements

Relay requirements

Interworking with non-3GPP systems

High availability

Radio Resource Management requirements
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NR Phasel1 J|= < z

PHY : . .
Major decisions
Components

Frequency bands  + Both below 6GHz and above 6GHz (from 6GHz to 52.6GHz) support

Duplexing * Paired and unpaired spectrum ( Dynamic TDD, FDD)
» DL: OFDM
Waveform & * UL: OFDM-based
Multiple access v" CP-OFDM for eMBB for up to 40GHz,

v" DFT-s-OFDM - single stream transmissions (targeting for link budget limited cases)

* Subcarrier spacing dependent on NR bands
v For below 6GHz: 15kHz, 30 kHz and 60kHz (only for URLLC) are feasible

v’ For above 6GHz: 60kHz, 120kHz and 240kHz (SS block subcarrier spacing) are potential candidates of
feasible subcarrier spacing

Subcarrier spacing

» Sub 6GHz: 5, 10, 15, 20, 25, 40, 50, 60, 80, 100MHz
 mmWave: 50, 100, 200, 400MHz

» LDPC for data channel
* Polar code for control channel

» Number of MIMO layer: 8 for DL and 4 for UL
* DL/UL beam management supported

Bandwidth

Channel coding

Multiple antenna
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NR Frequency Bands [1/3]

15

Wide Range of Spectrum Consideration for 5G NR

*FR1: Frequency Range < 6GHz (including re-farming bands and new bands for 5G)
*FR2: Frequency Range > 6GHz (including mmWave bands)

6GHz
0|3t

+ 3.5GHz Y 7| 4G Foj4 = (4

GHz [ ¥ %)

6GHz
ol

34 3536~ i 3.8 4.2
I == ,( ! 44 4.9
I L: ® 33 | :
F: I =
I 3.7 . g
2:*'-_?|- ‘et ‘ | 4.8 5.0
=2 0iY — T — o
« 28GHz © (54 GHz (9 =)
I 24.25 27.5 31.8 37 40.5 42 5 4 81
_m N | | L]
SHIIH . 1 47 50.2 525 76 86
x7|42
27} ! l i
ZEOF L________0.85GHz __3GHz_|
Mainly FDD FDD/TDD? Mainly TDD
= | 4 | i
1 GHz 3 GHz 10 GHz 30 GHz 100 GHz Reference: Ericsson
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NR Frequency Bands [2/3] e

New bands for NR

Uplink (UL) band Downlink (DL) band
% BS receive / UE transmit BS transmit / UE receive D_nl:(‘))(lj%
Fu tow="Fut hign For iow=FpL hign

n77 3300 MHz -4200MHz 3300 MHz -4200MHz TDD
n7/8 3300 MHz -3800MHz 3300 MHz -3800MHz TDD
n79 4400 MHz -5000MHz 4400 MHz -5000MHz TDD
n80 (3 1710 - 1785 MHz N/A SUL
n81 (8 880 - 915 MHz N/A SUL
n82 (20) 832 - 862 MHz N/A SUL
n83 (28) 703 - 748 MHz N/A SUL
n84 (1) 1920 - 1980 MHz N/A SUL
n85 (41) 2496 - 2690 MHz N/A SUL
n257 26.5GHz - 29.5GHz 26.5GHz - 29.5GHz TDD
n258 24.25GHz-27.5GHz 24.25GHz-27.5GHz TDD
n259 N/A N/A TDD
n260 37 - 40 GHz 37 - 40 GHz TDD
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NR Frequency Bands [3/3] i

Re-farming bands for NR

Band number UL DL Duplex mode
nl 1920 - 1980 MHz 2110 - 2170 MHz FDD
n2 1850 - 1910 MHz 1930 - 1990 MHz FDD
n3 1710 - 1785 MHz 1805 - 1880 MHz FDD
n5 824 - 849 MHz 869 - 894MHz FDD
n7/ 2500 - 2570 MHz 2620 - 2690 MHz FDD
n8 880 - 915 MHz 925 - 960 MHz FDD
n20 832 - 862 MHz 791- 821MHz FDD
n28 703 - 748 MHz 758 - 803 MHz FDD
n38 2570 - 2620 MHz 2570 - 2620 MHz TDD
n41 2496 - 2690 MHz 2496 - 2690 MHz TDD
n50 1432 - 1517 MHz 1432 - 1517 MHz TDD
n51 1427 - 1432 MHz 1427 - 1432 MHz TDD
n66 1710 - 1780 MHz 2110 - 2200 MHz FDD
n70 1695 - 1710 MHz 1995- 2020 MHz FDD
n7/1 663 - 698 MHz 617 - 652 MHz FDD
n74 1427 -1470 MHz 1475 - 1518 MHz FDD
n/5 N/A 1432 - 1517 MHz SDL
n76 N/A 1427 - 1432 MHz SDL
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NR waveform and multiple access .

*Unified waveform and multiple access design across all services
v" Waveform: CP-OFDM
v" Multiple Access: OFDMA

NR :
Downlink
- >
eMBB service Broadcast service loT service Frequency

Larger SCS than the other services Smaller SCS, large CP  Smallest SCS

Different waveforms and multiple access schemes optimized for different
deployments

v" Macro cell / wide Area : SC-OFDM + SC-FDMA as in LTE systems today for PAPR
reduction

v" Small cell / local area : CP : CP-OFDM + OFDMA to maximize spectral efficiency
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NR Subcarrier spacing [1/2] 1

Scalable BW based on 2K subcarrier spacing

*Operation in mmWave bands with wider BW

*OFDM subcarrier spacing should be scalable with the channel BW so that FFT size scales such that
processing complexity does not increase exponentially for wider BWs

Outdoor and

macro coverage
FDD/TDD <3 GHz

Qutdoor and

small cell
TDD > 3 GHz

Indoor
wideband

0D e.g. 5 GHz (Unlicensed)

mmWave
TDD e.g. 28 GHz

Reference: Qualcomm
Subcarrier spacing
e.g. 15 kHz

e.g. 1,5, 10 and 20 MHz

Subcarrier spacing
e.g. 30 kHz

e.g. 801100 MHz

e.g. 160MHz

Subcarrier spacing
e.q. 60 kHz

| Subcarrier spacing, e.g. 120 kHz |

e.g. 500MHz
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NR Subcarrier spacing [2/2] i

Numerology (SCS, CP length) & slot structure for NR

*NR utilizes scalable numerology (subcarrier spacings, CP length) and flexible slot (mini-slot)
structure optimized for various services including URLLC in time & frequency domain

Subcarrier Spacing: f; *2™ with f, = 16 kHz and scaling factor is 2™ with m {-2, 0, 1, ..., 5}
: B0 120 240 1 480

Subcarrier Spacing [kHz] 3.75 I 15 30 :
Symbol Length [ps] 266.67 | 66.67 33.33 16.67 8.333 417 ] 2.08

Slot length for 15kHz SCS = 1ms subframe

B - Reference: Qualcomm
n Slot length for 30kHz SCS

Gap
n_ Mini slot with 2 symbol for 15kHz SCS DL-UL Flexible Slot Confiquration

EHEEEE Mini slot with 8 symbol for 60kHz SCS

Slot & Mini slot (scalable slot length)
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NR MIMO [1/2] :

4G
3G « 4Tx MIMO in Rel-8
« MIMO enhancements in Rel 9~12
« FD (Full Dimensional MIMO) in Rel-"3~14

LTE Rel'8 LTE Rel'9~12

LTE Rel'13/14 NR MIMO
CRS based MIMO  DM-RS based MIMO £y (¢l Dimensional) MIMO Massive MIMO
MU-MIMO
Xy — X : 888 %
LTE Rel'11 G D

Network MIMO (CoMP) Network Massive MIMO

« # of antenna: 2~8 « # of antennas; 16~256
SISO + Uniform linear array « Uniform square array

 Operating frequency: below 4GHz « Operating frequency. <6GHz, >6GHz
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NR MIMO [2/2] e

Massive MIMO at Higher Carrier Frequencies (> > 6GHz)

*Hybrid Beamforming

v Analog beamforming +Digital
beamforming

v'Beneficial in terms of hardware
implementation complexity and
power consumption

Beam based air interface

v'Single sector-wide beam may not
be enough to provide sufficient
coverage

v All channels are beam formed in
NR mmWave

Synchronization
signal block

Hybrid beamforming

Bassband
{Precoding)

[

Synchronization signal bursts series

Synchronization signal burst Synchronization signal burst Synchronization signal burst

) Reference: Intel

) \'ﬂ'/ ] D%N&y 1

Reference: Ericsson
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NR spectrum sharing techniques 24

*NR-LTE coexistence in overlapping spectrum

v NR supports DL transmissions scheduled in LTE DL non-MBSFN subframes with RE level
rate matching around CRS symbols

v Slot / mini-slots can be scheduled on OFDM symbols not carrying CRS

D link
LTE OFDM symbol with R || LTE OFDM symbol without CR | | NR OFDI symbol with CRS || NR OFDM symbol without CRs [ ] CORESET LTE OFDM symbol with CRS ] LTE 0FDM 5 ithout €RS | | NROFDM symbol with GRS || NROFDM symbol without CRs [ ] coreseT  DMAS

Sharing | z; ? | ” J 1 ,éE

‘ 7 i ’ ) h S Slat based brans ith reservell resources Reference. AT&T
Mini-slot level scheduling (only an example) Slot level schedullnq (onlv an example)

Mini-slot Minislot  Mini-slat Mini-slot Minislot Mini-slot  Minirslot  Mini-slat {oF DM mbu and PRBs)

*UL resource in LTE spectrum sharing only from network perspective
*UL resource in LTE spectrum sharing from UE perspective

F Dynamic UL sharing : Static/semi-static UL sharing

LTE NR Guard
TDD/SDL I NR I LTE @ pUCCH | Period TDD/SDL NR NR
Band Band

w U |m
SRS

Uplink
Sharing

LTE DL

1ms LTE/NR Shared UL

LTE/ NR Shared UL

v T e NR UL
LU LU LU NU NI, uL N U 5, LU N, LTEUL

EC YT hien e | NR UL

Reference: Huawei
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NR wideband operation 25

« From RAN1 specification perspective, the max # of NR carriers for CA and DC is 16
 Following combinations are now being specified by RAN4 WG

* New DC band combination of LTE 1CC + NR 1CC
Carrier ¢ New DC band combination of LTE 2DL/1UL + one NR band

Aggregation » New DC band combination of LTE 3DL/1UL + one NR band
* New DC band combination of LTE 4DL/1UL + one NR band
* New DC band combination of LTE 5DL/1UL + one NR band

« Dual connectivity (DC) band combinations of LTE xDL/1UL (x=1, 2, 3, 4) + Inter-band NR 2DL/1UL NR WI
 Intra-band NR CA (mDL/1UL) and inter-band NR CA (nDL/1UL) (m and n are FFS)

* For UE, up to 4 bandwidth part configurations for each serving cell
* For UE, one active bandwidth part for each serving cell in Rel-15

BS CC1 ‘ BS CC2 ‘ Rel-15 gNB BSCCL ‘ BS CC2

(400MHz) (400MHz) (400MHz) (400MHz)

.
Carrler Rel-x gNB ‘ BS CC1 I Rel-xgNB 85 CC1 ‘

Rel-15 gNB ‘

(800MHz) (300MHz]
BandW|dth UE1CCL UE2 CCL UE2 CC2 UE1CC2 ‘
(400MHz) (200MHz) (200MHz) (200MHz) (200MHz)

P art BWP(1,1) BWP(1,1) BWP(2,1) Case 1: contiguous CCs and contiguous

(80kHz) scs(1,1) scs(2,1) BWPs in rel-15
single numerology (0)

BWP(2,1) Case 2: contiguous CCs and non-
. ==E SC(.1) contiguous BWPs in rel-15
RAN4 view: g
BWP(1,1)

(12010 Different numerology in each awe(12)
BWP will be

BWP(1,1)
(60kHz)

Case3: In future release, RAN1 will support
multiple BWPs in a serving cell, then UE can
support mixed numerology as UE capability

time time

supported in rel-15

Single CC case Multiple CC case
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Conclusion 26

» Standardization for 5G NR in 3GPP
— NR is new radio for 5G
— Phased approach for NR standardization

» Phase 1 work item is underway

= Stage 3 completion of NR NSA work has been completed and version 15.0.0 of NR
specification has been published

» Phase 2 study items will start in Q1 2018 in parallel with phase 1 work item for SA

» Standardization for LTE-A Pro in 3GPP
— LTE-A Pro continues to evolve for 5G
— LTE-A Pro Rel-15/16 will meet key IMT-2020 requirements while providing backward

compatibility

> Both NR & LTE-A Pro are essential ingredients for 5G operation & system
— IMT-2020 submission will include both NR & LTE-A Pro specifications
— Tight interworking between NR & LTE-A Pro is quite important, especially in the initial roll-
out phase of 5G
= Non Standalone operation for NR anchored on eLTE (DC operation)
= E-UTRA connected to 5G-CN
= |TE-NR coexistence
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