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4 “The advanced 5G \
infrastructure is expected to
become the nervous system

of the Digital Society and
Digital Economy”

her Oetiinger, European Commission, MWC 2016 j

Vision P

4 “The smart phone is the
extension of what we do
and what we are, the
mobile is the answer to
pretty much everything”
\ Eric Smith, Google, MWC 201Q

“Multi-Tenant”
=» Nervous system of the Digital Society and Economy

Fl “Client Server”

¥ = Bit pipe and Free Communication Services ),
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Main 5G initiatives ongoing globally
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i - 5G PPP in Horizon 2020 (€700mn)
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» 5GIC at University of Surrey
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http://5g-ppp.eu/roadmaps/
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5G Public Private Partnership (PPP): €700 mn = €1.4+ bn

EU 5G socio-economic analysis 5G investment (EU28 Member States) = Value: ,Jobs:
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General Assembly Partnership Board ] (201&_3 20 EU
Association Statutes and Modut Public funds
Operandi of Association
Working Groups launched ): Large
R 5G Initiative B
Steering Board )
Secretary General (Projectez;:rgdin(;atzrs plus Verticals
. Association representative)
Head of Office
Technol Board
(Project:’:cﬂzi‘c)aglyMaona;gers plus . 5G'PPP Phase ”
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on and Societa Public funds
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Optical, SW
networks
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O atlo _[ Activity 5G International (2015'16, EU
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ot WO sriented ETP public funds
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Contractual Arrangement, KPls A .
retained Actions
000 R i
5G PPP projects |.’
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http://www.5g-ppp.eu/
https://5g-ppp.eu/wp-content/uploads/2016/02/BROCHURE_5PPP_BAT2_PL.pdf

5G-PPP: Exploitation of results

Results from FP7
Projects contributed
to ITU-R on 5G vision
and requirements
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Trials

Contributions to standardisation and regulatory |
rocess via member organisations in respective bodies
P 9 P Prototype and product development

Winter Olympics,

FIFA World Cup, Summer Olympics,

Korea ) @ Russia201s QO e
;
Release 12 Release 13 Release 14 Release 15 Release 16 Y
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Usage scenarios of IMT for 2020 and beyond (5G)

Smart Home / Building

Enhanced

Mobile Broadband

Gigabytes in a Second

3D video, UHD Screens

- Workand Play in Cloud

~_~ Augmented Reality

Voice

Smart City

Massive
Machine Type
Communications

100 Billion

Connections
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Industry Automation
1)
‘-f’ ~__— Mission Critical Application
- Self Driving Car
) Ultra-Reliable and
Low-Latency

Communications

S
1 Millisecond 10 Gbit/s
Latency Peak Speed
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New Air Interface
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New Architecture

One Physical Network
Multiple Industries
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Enhancement of key capabilities from 3GPP LTE to 5G
New Radio

x'}ﬁ) requirements

User Experienced
Data Rate
(Mbit/s)

Peak Data Rate
(Gbit/s)

Enhanced Mobile wigh IMPOTtance

Broadband

Area Traffic 4 v / Medium
Capacity w_ /4
(Mbit/s/m?) 10/}

Network
Energy Efficiency

Massive Machine Type
Communications

10M 1
¥ N
Latency

(devices/km?) (ms)
[ITU-R]

Connection Density
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Spectrum
Efficiency

. Mobility
(km/h)

Ultra-Reliable and Low
Latency Communications

Peak data rate
Peak Spectral efficiency
Control plane latency

User plane latency

Mobility interruption
time

Inter-system mobility
Reliability

Coverage

Extreme Coverage

UE battery life
Connection density

Mobility

20Gbps DL 10Gbps UL
30bps/Hz - 15bps/Hz
10ms

URLLC: 0.5ms UL&DL

0 ms

With other IMT systems
URLLC: P=10-5 in 1ms
mMTC 164dB

100-400 km voice/low data
mMTC 15 years

mMTC 1M device/km2

500 km/h
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Summary of the key resolutions at WRCas pertinent to 5G
WRC19

New or Harmonized bands New bands agreed for
for IMT Use discussionsin 2019
* 700MHz Band (694-790 MHz) * 24.25-27.5 GHz *40.5-43.5 GHz *50.4-52.6 GHz
* L-Band (1427-1518 MHz) *31.8-33.4 GHz *45.5-47 GHz * 66-76 GHz
* C-Band (3.4-3.8 GHz) * 37-40.5 GHz *47-50.2 GHz * 81-86 GHz

Sub6GHz Different channel characteristics to Sub6GHz

Cellular
Bands

3 4 5 6 10 20 30 40 50 60 70 80 90

GHz
x@ around 30 GHz or around 70 GHz or Around 4 GHz
Around 30GHz or Around 70GHz: Up to 1GHz (DL+UL)

e o AL TN TN AT e Around 4GHz: Up to 200MHz (DL+UL)
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5G multi-tenant network and services vision
3) Reason"}g‘" - FULL Immersive Experience
~ (ﬂ - ANYTHING as a Service

> 5)Networking | 4

‘ /" Outdoor (below 6GHz)

80Gb/s 50Gb/s macro
E-Band link . 100Gb/s Micro

Tera-Cell
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N audio X %
4 \\;p \‘\ : ) - Y
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Network, air interface and spectrum usage evolution from 4G to 4.5G and 5G

@

e

Network
Architecture

(A

A

Air Interface

oo

Spectrum

4G

| L
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5G Network
Functions

Virtualization + Cloudformation
(Plasticity)

Multiple Access

Waveform Full-
Duplex

Frame  — ...

Channel Coding

New Spectrum + Existing Refarming

: :

6GHz 100GHz

)
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5G plastic architecture and example application to static machines type of traffic

™A ™-A T™M-A =Orchestration

RO: Apps and Links Conirol Plane (C-Plane)
TM-A: Apps Enforcement /Maintenance
TM-L: Links Enforcement /Maintenance

DC G =Control plane

FM App: Links Data Plane (D-Plane)

TM-L
$ E——c Y e T T 1=}
: DN controller

acve

CM CM
App pp pp App

|
i ROMod
|

Orchestrationinterfaces
————— SDN Controller interface
5G App — SDN Controller interface

TM-L

e--I MSDN controller

xDSL Access

Example application to static
machines type of traffic

WiFi Node 7 Access

PoF=PointofPresence (e.g. small Data Center); DC= Data Center; CMP =Cloud Management Flatform(e.g. OpenStack)
SDMPlatform=0penFlowbased Control P atform(e.g. Floodlight ), LHRE =Last Hop Routing Element

AM= generic Access Metwork element; CML =Connectivity Man agement Localfun ction

FM=FlowManagement, AAL = Authentication and Auth orization (AA) Local, GP= General Purpose
DHCP=Dyn amic Host Configuration Protocolfun dion, e.g. Addres ses; Sxx, Uu=3GFPInterfaces ‘./
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Mobility Management Application (MMA) for SDN: case study

Mobility
Management
Application (MMA)

L A=W

Topology Devices

Server

\\
= I
N

Switch 3
(Access point)

Switch 2
(Access point)

=
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77777777 SDN Control Links

s CONfigured flow
for mobile device
before handover
Configured flow
for mobile device
after handover

DEEVAGES)
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Topology: 10 Access Points, 200 active mobiles
10 Handovers/s with random mobility

= Overall Time

2500000.00 .
' Inside Controller
160%
Hnside MMA

2000000.00
1500000.00 J
1000000.00 -
500000.00

0.00 -

MMA_Proactive MMA_Reactive
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High band non-standalone assisted by low band

Marco Site @ Sub6GHz
e Connectivity & coverage & mobility

Small Cell @ Above 6GHz
e High traffic offloading

~
~
e
e
7
/7 Self-Backhaul
5G e ——— —
Small Cell
\\\ % Up
\ ~—, 2

HUAWEI TECHNOLOGIES CO., LTD.

II LF Coverage

5G
Macro Cell

UP: User Plane
CP: Control Plane

17

HUAWEI



Multiple access techniques

Non-orthogonal multiple access (NOMA): time and frequency resources sharing in the same spatial
layer via power or code domain multiplexing, e.g. SCMA, MUSA, LDS-OFDM, etc.

Codebook 1Codebook 2Codebook 3 Codebook 4 Codebook 5Codebook &

SIC of user 2 User 1 signal Bit streams
) signal detection are mapped ||
\/ to sparse
User 2 ’ codewords H
e 7 User 2 signal . (1,0 0,1 (1,1 1, (0,0)
Frequency = detection
Six sparse codewords MUD
are transmitted over :> -y | based on
four orthogonal resource: MPA

MPA = Message Passing Algorithm (MPA)
@ User 5

Beam 2

Ex: 6 Users, two bits mapped
to a complex codeword, which

are then multiplexed over four
shared orthogonal resources
(e.g. OFDM subcarriers)

¢ SoDeMA = Software Defined Multiple Access

@ TDMA

POMA |
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Spatial Filtering NOMA: Using 3D-BF, AAS, M-MIMO

S2UeWlIOHsd

SIC

—

s A PN - BS2 T
e . @ User3. A ~N
& VA > -

Cell2 |

U ser 2.~ . /.l\ - U.S‘?_r. 4 /

'-~-..____[\_IQMA user pair_— —_NOMA user pg_i[____.-»-"’

Power-domain NOMA P

‘Complexity

Network NOMA: multi-user precoding
1)
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Advanced waveforms

M Per-subcarrier pulse shaping: using prototype filter with steep power roll-off for shaping
subcarrier signals in both frequency and time domain

M Sub-band filtering: applying filters to a group of subcarriers after OFDM modulation

Pulse shape design parameters
Waveform Name
Pulse length Pulse shapes

1<=K<1.5 Time + Frequency W-OFDM
K=4 Long pulse Time + Frequency FBMC/QAM

Arbitrary K Flexible P-OFDM

(*) Additional band pass filter needed

HUAWEI TECHNOLOGIES CO., LTD. Page 17
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Filtered-OFDM (F-OFDM)

OFDM(LTE)

Fixed sub carrier bandwidth

Frequency

Time  Designed for MBB Services

F-OFDM
Flexible sub carrier bandwidth

MBB  Smart Driverless Multicast
Meter Car

HUAWEI TECHNOLOGIES CO., LTD.
D. Soldani

Pros

v Multi-service with different time and frequency
numerology (e.g. CP, sub-carrier spacing (symbol
duration), TTI at different carrier frequencies)

v" Low out-of-band emission (OOBE)

v Flexible frequency multiplexing

v" Simple channel equalization

v Multi-antenna transmission

v Efficient spectrum utilization

v" Affordable computational complexity

v" Possibility to incorporate other waveforms
v Backward and forward compatibility

Cons

x Non-orthogonal in time and quasi-orthogonal in frequency

x Slightly more prone to delay-spread channels

Page 18



Pulse shaped OFDM (P-OFDM)

Shannon Limit
—&— LTE-OFDM 16QAM (normal CP)
LTE-OFDM 16QAM (optimal CP)
—&— P-OFDM 16QAM

o
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o
X
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N
ac
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=
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=
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=
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©
=
5]
@
o
(2]
=
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(72}
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=
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Ref -50.00 dBm

oFbm| |, P-OFDM

Ref -50.00 dBm__

(Center 2.5 GHz Span 10 MHz|
Res BW 91kHz VEW 910 kHz Sweep 1467 ms|

Center 2.5 GHz Span 10 MHz|
Res BW 91kHz VBW 910 kHz Sweep 1467 m:

HUAWEI TECHNOLOGIES CO., LTD.
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Pros
v" Excellent OOB interference control and
efficient utilization of narrow frequency bands >

v Partitioning of spectrum into independent
bands with excellent capabilities for
coexistence of services in the same frequency
band and spectrum sharing >

v~ Any modulation order and MIMO capability

v" Excellent robustness against synchronization >
errors

v" Flexible frame structure with large subcarrier
spacing for high Doppler in Vehicle to Anything
(V2X) applications

v Short TTI length for low latency scenarios and
one way ping delay < 0.5 ms

Cons

x Filter length may be limited by delay constrains
Ty

Page 19
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V2X P-OFDM Based Low Latency Real-Time (Demonstration)

Optimized baseband processing running on Intel platform x86_64 Flexible Frame structure:
USRP SDR as RF frontend Large subcarrier spacing for high Doppler in V2X applications

Host (Baseband) Short TTI length for low latency scenarios
Parameter Initial Value
Sync.signal  Ctri.channel Pilots Data Sampling rate 12.5MHz
USRP X310 (RF frontend) « FFT size: 128
Oversampling 5/4
Symbol length 160
Subcarrier spacing 97.656kHz
- Effective SC Adjustable ere for example
pe Bandwidth Adjustable, 3 MHz here for example
i;; Number of symbol per TTI Adjustable, 10 here for example
TT1 length Adjustable, 0.17 ms here for example
Sync. signal 1PN
Pilot distribution Distance of 8 RE in freq. 1 RE in time
Hexlblenepenangontnecnannel
. N Modulation: BPSK, QPSK, 16QAM, 64QAM
Enabling D2D and cellular assisted D2D access = I P > | Coang
Symbol index

Macro BS @

One way ping delay < 0.5 ms

- O
”
4 N Live One-Way Delay
4 h \
/ Best Case Latency
I N 1 BEVUE1 NS s U2 D
\ 5G: <1 ms
\! 4G: 20 ms

i UE1RF | \ UE2RF 1 g
\UE1BBU U \ . !
/ /
\ UEY BBU e
N Vs X ; Vs

o
= IME
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New air interface

Service Oriented Radio (SOR): choosing different air interface components for different applications

Full Duplex Massive MIMO

Adaptive
Air Interface

Mobile Internet ‘

P-OFDM/F-OFDM

Oneair inte—rfazei fitsilﬁa‘ny ap{:ﬁcatlo.ns‘w?ch@ flexibility,

atleast a 3x spectral efficiency improvement ),

HUAWEI TECHNOLOGIES CO., LTD. Page 21
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Huawel 5G Low Band Test Bed

World’s Highest Throughput @ Sub6G

N

U UL Ghbps
Mbps
g [ 10320.5
10000
8000 [
6000 [

4000 |

2000

| 2293.

34

4 6 8 10 12 13 14 15 16 17 18 Layer

m| + = +

F-OFDM SCMA

all

Polar Code

Technology
Innovations

51.6 bps/Hz

200MHz BW

18 Layers

|&
S

M-MIMO




I Huawel 5G High Band Test Bed
World’s Highest Throughput @ E-Band

9.6GHz BW



5G timeline

SOIARP AL B e 5G PPP Phase 2 projects 5G PPP Phase 3 projects
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5G Deployment
(Announcements)

RAN = Radio Ac
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Re' 5G Phase 1
i deployment

s Network: Rel = Release; SA = System Architecture; NGMN = Next General

Requirements study

Architecture study

201903

Tokyo
Olympic

UAEEXPO

NGMN:

10T Test Commercial

tion Mobile Networks: S1 = Study ltem; W1 = Work Rem: Arch = Architecture
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3GPP timeline

* Phase 1 by Sep 2018/Rel-15
for more urgent commercial
needs (to be agreed)
= Deployment 2H2020

* Phase 2 by Mar 2020/Rel-16
for all identified use cases/
requirements:
= Deployment 2H2021

NB: New Radio (NR) design
forward compatible so that
features can be added in

optimal way in later releases

».
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Conclusions

p
5G tests and trials with Verticals essential step )
towards effective standardization

NG

.
s

3GPP primary organization and others — such as,
e.g., ONF and IETF — complementary

\S J

Public party crucial role in early consensus (e.g. \

5GPPP), policies, regulatory processes
"3

(IP Rights shall not hinder 5G technologies adoptionw

and market uptake
\. J
0
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Thank you

Copyright©2015 Huawei Technologies Co., Ltd. All Rights Reserved.

The information in this document may contain predictive statements including, without limitation, statements regarding the future financial and
operating results, future product portfolio, new technology, etc. There are a number of factors that could cause actual results and developments to
differ materially from those expressed or implied in the predictive statements. Therefore, such information is provided for reference purpose only
and constitutes neither an offer nor an acceptance. Huawei may change the information at any time without notice.
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