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5G Spectrum

Existing Bands / ITU WRC-15
ITU WRC-19 Al1.13 Study
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New mmWave Bands for High-Bandwidth 5G Use Cases
+ 600/3500 MHz

= 10x increase in 5G system bandwidth (from 100 MHz in LTE-A to 1 GHz+)

= Traditional mobile bands (<3 GHz) will be refarmed and complemented by harmonized allocations

— Canadian opportunities for new <6 GHz spectrum in harmonized 3500 MHz and regional 600 MHz allocations

m Similarly, key mmWave spectrum for 5G eMBB use case will also driven both regionally and through WRC-19
— Regional activities by US and EU focus on ~26-28 GHz range

— WRC-19 Al 1.13 identifies a large number of GHz range bands for study:
m 24.25-27.5,31.8-33.4, 37-40.5, 40.5-42.5, 42.5-43.5, 45.5-47, 47-47.2, 47.2-50.2, 50.4-52.6, 66-76, 81-86 GHz



5G Deployment & Spectrum Scenarios

Deployment Scenario Carrier Frequency Aggregated system bandwidth

Around 30GHz or Around 70GHz: Up to 1GHz (DL+UL)

Indoor hotspot Around 30 GHz or Around 70 GHz or Around 4 GHz Around 4GHz: Up to 200MHz (DL+UL)
Around 30GHz: Up tolGHz (DL+UL)

Dense urban Around 4GHz + Around 30GHz (two layers) Around 4GHz: Up to 200MHz (DL+UL)

Rural Around 700MHz or Around 4GHz (for ISD 1) Around 700MHz: Up to 20MHz(DL+UL)

Around 700 MHz and Around 2 GHz combined (for ISD 2) Around 4GHz: Up to 200MHz (DL+UL)

Urban macro Around 2 GHz or Around 4 GHz or Around 30 GHz eI &(E15ks Bl 19 200 72 (DR

Around 30GHz: Up to 1GHz (DL+UL)

HEIBIE @iy AU 4 Cliz Around 30GHz or Around 70GHz: Up to 1GHz (DL+UL)

High speed (trains) BS to relay: Around 4 GHz or Around 30 GHz _
relay to UE: Around 4 GHz or Around 30 GHz or Around 70 GHz ATOUINE! &FEllz 1D D A0 (UL
Extreme rural for minimal services Below 3 GHz, with a priority on bands below 1GHz
(100km) Around 700 MHz sl BELLE)
Urban coverage for mMTC 700MHz, 2100 MHz as an option N/A
ALY SEENERIS, Eoet gliiel e Below 6 GHz Up to 200MHz (DL+UL), Up to 100MHz (SL)
Connected Car
Commercial Air to Ground, Light Aircraft Below 4 GHz 40 MHz (DL+UL)
Deployment 1: 1.5-2 GHz DL/UL (FDD) Deployment 1: Up to 2*10 MHz
Satellite extension to Terrestrial Deployment 2: 20 GHz DL / 30 GHz UL (FDD) Deployment 2: Up to 2*250 MHz
Deployment 3: Around 40/50 GHz (FDD) Deployment 3: Up to 2*1000 MHz

The options listed above are for evaluation purpose, and do not mandate the deployment of these options or preclude the study of other spectrum options

Source: 3GPP TR 38.913 (Draft 2016-09)
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The ITU-R 5G Vision

User experienced
Peak data rate data rate

(Gbit/s) (Mbit/s)

Enhanced Mobile Broadband
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Gigabytes in a second —|_. IMT-2020
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3D video, UHD screens .
Area traffic

capacity Sfp;f:c}rum

Work and play in the cloud . 2 efficienc

Smart Home/Building (Mbit/s/m1) 1 3x Y

. Augmented reality
l . . Industry automation
Voice . Mission critical application,
e.g. e-health
Smart City Self Driving Car 100x 500
Network Mobility
energy efficiency (km/h)
Massive Machine Type Ultra-reliable and Low Latency
Communications Communications
Connection density Latency
(devices/km ) (ms)

Three main use case families Eight performance benchmarks

ITU-R works in concert with 3GPP and sets IMT-2020 Performance Targets for 5G



3GPP 5G (NR) Use Case Development and Operator Views

Use case development completed at 3GPP SA (TR 22.891):

— 74 use cases defined spanning five categories: eMBB, mMTC, URLLC, Network Operation and enhanced
vehicle to everything (eV2X)

Despite the wide scope of use cases considered by SDOs, operator interest is focused in a few
key areas
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survey conducted by Ericsson e, ) I ?? sty Robot
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64% — mobile broadband | < m Game / Spors
41% — pub“c S afety [ Massive MTC Enhanced Mobile Broadband
38% — remote operations in health care = \ —
36% — real-time remote control “i\\ %ﬁ% fA '“@ ﬁ ﬂ VE
35% — smart buildings voHl Ao § I =
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Preliminary 5G (NR) KPIs

Peak data rate 20 Gbps for downlink, 10 Gbps for uplink

Peak spectral efficiency 30bps/Hz for downlink and 15bps/Hz for uplink
Bandwidth Up to 1 GHz (DL+UL). Pending ITU-R

Control plane latency 10ms

User plane latency URLLC: 0.5ms for DL and 0.5ms for UL, eMBB: 4ms for DL and 4ms for UL
Latency for infrequent small packets No worse than 10 ms

Mobility interruption time Oms

Inter-system mobility At least with LTE/LTE evolution (other systems TDB)
Reliability 99.999% for URLLC and eV2X

Coverage UL link budget will provide at least the same MCL as LTE
UE battery life for mMTC >10 years requirement, 15 years desirable

Cell/Cell edge spectral efficiency 3x spectral efficiency of IMT-Advanced

Connection density 1000000 device/km2 in urban environment

Mobility 500 km/h

Source: 3GPP TR 38.913 (Draft 2016-09)



5G Technical Requirements: Comparison to 4G

Data rate Sp_e(_:trum Conne(_:tlon E_ngrgy
efficiency density efficiency

= > 100 Mb/s
. (avg) 1 . 6 2
~1ms > 500km/h X3 Increase > 10°%km x100
> 20,000 Mb/s
(peak eMBB)
Avg ~25 Mb/s Typically ~50 ms Functional DL: 0.1 — 6.1 b/s/Hz Typically ~2,000 Moderate
Peak 150 Mb/s 10 ms for 2-way RAN Up to 350km/h UL: 0.1 — 4.3 b/s/Hz Active users/km?

5G represents a drastic technological leap, with capabllities exceeding 4G by a large margin
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5G Timelines: ITU-R and 3GPP
WR(§ 2020 > 2021 > 2022 >

|
> 2016 > 2017 > 2018 > 2019
I'TU
Milestones

Submission of Proposals IMT-2020

Technical Performance Requirements
¢
ﬁ Evaluation
‘ y |
! IMT-2020 Specifications
!§ ¢
L A
-9 |1 <
. . ! & XS
5G NR Requirements TR Spec completion - non- TS I &
Completion (Sep 2016) standalone NR (Dec 2017) ¢ %” I £
IS 138
-& ¢
/ (S
I
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Releases

Rel 16 freeze - Phase 2
(Dec 2019)

A GLOBAL INITIATIVE

Rel 15 freeze for Phase 1

(Jun 2018)
Release 13 Release 14 Release 15 Release 16 Release 17+

5G: Enhanced Mobile Broadband
2020 Summer

Olympics (Tokyo)
Expo 2020 (Dubai)

4 5G: LTE-Advanced Pro
2018 Winter

Olympics
(Korea, 2018Q1)

External events impacting 5G timelines:



5G (NR) 3GPP Rel-15 Scope
= Target content for Rel-15 / Phase 1:

— Support for both Standalone and Non-Standalone
operation included, work starting in conjunction and
running together

— Non-standalone solution implies 5G New Radio
(NR) that integrates with LTE #

m Four deployment scenarios. Prioritized scenarios
(3/3a) illustrated on the right

— Standalone solution implies both 5G NR and next :

— Use cases: eMBB, Low Latency, and High Reliability
(to enable some URLLC use cases)

— Both <6GHz and >6GHz in scope # NG

— Detailed target content (specific features addressed in
Phase 1) still TBD (subject to time constraints and
ongoing prioritization)

NextGen
Core

NextGen
Core

NR T

Phase 1 is an early 5G system; Phase 2 / Rel-16 will be designed to meet IMT-2020 requirements.
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5G Air Interface: Modulation Schemes

PSD of CP-OFDM with WOLA at the transmitter

= OFDM family adopted for scaling and low
complexity implementation 10

= Windowing or filtering of OFDM waveform still
to be selected, but preference is to have UE !
transparent solution (favours windowing): \”{W I
— Both can effectively minimize out-of-band emissions 60 JJ‘”“{”“”M 'HLW'WW
— Reduced guardband (< 10% used in 4G) 70 mm W " m“’”"""‘““ﬂfwm )
Windowed OFDM /

-90

dB
&
o

= [ CP-OFDM: No Clipping
= +WOLA: Ideal PA

40 -30 -20 -10 0 10 20 30 40

= Massive MIMO an integral part of the standard
from day one

= LDPC codes for data channels and Polar
codes for control channels for eMBB already
decided




5G Air Interface: Multiple Access and Numerology

= 4G used a “one-size-fits-all” approach to the air interface
— OFDM(A) with 15 kHz subcarrier spacing

= 5G (NR) air interface will be flexible
— Non-orthogonal and contention-based protocols still under consideration for mMTC/URLLC use cases
— Multiple numerologies (subcarrier spacing) to address different use cases and deployment types

— Design with both backward and forward-compatibility in mind
m Scalability from 15 kHz up to 480 kHz subcarrier spacing

15 kHz 30 kHz 480 kHz

1f ~ —
il

20 MHz > _ _

100 MHz > < 800 MHz
5G Small Cell 5G mmWave
(e.g., 3.5 GHz) (e.g., 28 GHz)

LTE/4G



5G Air Interface: Frame Structure

= Considered number of subcarriers per PRB for NR study are 12, 16
= No explicit DC subcarrier is reserved both for DL and UL
= A slot can contain all DL, all UL, or at least one DL part and at least one UL part

= From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL
data/control region

= Dynamic resource sharing between URLLC and eMBB to be considered, semi-static resource sharing between URLLC and
eMBB to be considered for at least shorter transmission UL
= Number of subcarriers per PRB is the same for all numerologies

= In any carrier where multiple numerologies are time domain multiplexed:
— RBs for different numerologies are located on a fixed grid relative to each other

— For subcarrier spacing of 2n * 15kHz, subcarriers are mapped on the subset/superset of those for subcarrier spacing of 15kHz in a
nested manner in the frequency domain as shown

RB partition with 8f, RBO RB1

RB partition with 4, RBO RB1 RB2 RB3
RB partition with 2f, | RBO RB1 RB2 RB3
RB partition with f, |RBO |RB1 |RB2 | RB3

>

frequency
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5G Architecture Evolution

LTE Core

Phase O: LTE Only

Phase 1: LTE + 5G NSA with EPC
= “Option 3a”: NSA-1A
= “Option 3”: NSA-Xn
= Phase 2: LTE+5G Standalone
NG = Phase 3 (Optional): LTE + 5G with 5G-CN
Phase 4 (Optional): (e)EPC sunset

5G-CN

S1

eNB
(4G/LTE)

Agreed upon interfaces:

(5G) gNB: 5G basestation

1A: Interface between gNB and eEPC
Xn: Interface between gNB and eNB
5G-CN: 5G core network

NG: Interface between eNB/gNB and 5G-Core

N
\
N\
N\
\s.
l
=
9w

Note: This is a possible migration path, possible paths are outlined in TR 38.801 (RAN), and TR 23.799 (SA), still subject to change.



Fronthaul Functional Split Considerations

= Currently, 3GPP is considering 8 different fronthaul functionality splits
to reduce the required data rate (TR 38.801)

= Three of them are illustrated below

'l ---------------- ~\ ,, """""""""" \\
PDCP-RLC L1 split CPRI
Channel L. [COmDIT| [RESoUrT | A
Modulat < Estimation & o mal - T e
ian Equalization ' na I ! i
RRC 1 k= Ll = l:L I:
. . Resourc . ]
quulat_} MLaye:r Precodi N e IFET 5
ion apping ng mapping v L’
Being researched by H
HUAWEI, E///, NOKIA
: P !
\ . / \ /
~- High L1/PHY ===-- ’ S—-. Low L1/PHY ---- -

= Other functional splits are being considered by research institutions
and industry



Impact of Fronthaul Functional Split on Features

100 MHz Fronthaul rate (Gbps) 5 10-25 100*-400
64T64R Latency requirement <l ms 50-130us 50-130us
PDCP- :
RLC L1 split CPRI
RRC PDCP | RLC MAC HPHY L PHY RF
I
I
v
|
v
Coordination JR JT Distributed
Feature CA CSPC elcic SFN ULCOMP | DLCoMP | MIMO
PDCP-RLC YES YES YES
L1 Split YES YES YES YES YES YES
CPRI YES YES YES YES YES YES YES

* Using 4:1 CPRI compression
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5G Trials: Reported Timelines

Focus on FWA trials exclusively from AT&T and Verizon

— Addressing an FCC wireline service mandate using wireless technology, which supports the FWA business
case through retirement of degrading copper assets

Operator __Date ___Band_____Equipment Vendor Technology ________[Throughput ____Main Use case/

NTT DoCoMo 13/10/2015 70 GHz Nokia MMIMO 2 Gbps eMBB

NTT DoCoMo 26/10/2015 4.6 GHz Fujitsu CoMP 11 Gbps eMBB

NTT DoCoMo 12/11/2015 28 GHz Samsung 3DBF 2.5 Gbps @ 60 km/h eMBB

NTT DoCoMo 18/11/2015 <6 GHz Huawei MUMIMO 43.9 bps/Hz eMBB

NTT DoCoMo 19/11/2015 15 GHz Ericsson Massive MIMO 10 Gbps eMBB
Vodafone 19/07/2016 70 GHz Huawei MMIMO 10 Gbps (user), +20 Gbps (cell) eMBB
Vodafone AU End of H2 2016 NA NA M2M, eMBB NA NA

Sprint 14/06/2016 15 GHz Ericsson Massive MIMO 4 Gbps eMVIBB
Sprint 03/06/2016 73 GHz Nokia Massive MIMO 2 Gbps eMBB
Verizon 08/09/2015 28 GHz Samsung, Nokia,Ericsson, QC, Cisco Massive MIMO 1.8 Gbps FWA

ATT 06/06/2016 3.5, 3.8, 15, 28 GHz  Ericsson, Nokia, Intel Massive MIMO 10 Gbps eMBB, FWA
T-Mobile 20/09/2016 NA Ericsson 8x8 MIMO 12 Gbps eMBB

Bell 29/07/2016 73 GHz Nokia Massive MIMO 2 Gbps eMBB

DT & SKT 19/08/2016 NA Ericsson NFV, SDI, D-Cloud, Network Slicing NA NA

SKT Aug-15 28 GHz Samsung 3DBF 7.55 Gbps eMBB

SKT 30/10/2015 NA (cm Wave) Nokia 256 QAM, 8*8 MIMO, 400 MHz BW 19.1 Gbps eMBB

KT 17/02/2016 NA NA NA NA eMBB, mMTC
Orange / Telefonica 30/09/2015 NA (6-100 GHz) Samsung, Nokia,Ericsson, Huawei, Intel NA (Propagation Measurements) NA NA

US Cellular 07/09/2016 28 GHz Nokia NA 5 Gbps NA

SingTel 04/08/2016 NA Ericsson NA 27.5 Gbps eMVBB
TELUS 04/10/2016 28 GHz Huawei Massive MIMO 29.3 Gbps FWA, eMBB
Optus/Singtel 16/11/2016 73GHz Huawei Massive MIMO 35 Gbps NA
Proximus (Belgium) 28/11/2016 73GHz Huawei 70 Gbps



5G Trials: Planned Timelines

70%
Expectations based on survey

oo = Most trials planned between
2017 and 2018

= Commercial deployments
expected before 2020,
especially in North America

50%

40%

30%

20%

10% —

- B .. & !._

2016 2017 2018 2019 2020 2021 2022 2023 Beyond 2023

0% ==

B Total B North America Il Europe Bl Asia Pacific B Latin America

Base: Total Respondents (100): NA (20) Europe (30) Asia Pacific (30) LAM (20)

Source: Ericsson Business Review, Issue 1, 2016



