v ETRI
fiR ao0th
o Annbecraary

En&T 2018@Moscow

Mobile Wireless Backhaul using mmWave

2018. 11. 15

Hyun Kyu Chung, ph.D

Research Fellow, Senior VP
Hyper-Connected Comm. Research Lab.,
Electronics and Telecommunication Research
Institute (ETRI)

;"'sn.



. 5Gintro
ll. Mobile Xhaul Network (MXN)
lll. Summary

Copyright © 2018 All rights Reserved by ETRI



= ETRI
40th
e

. 5GIntro

Copyright © 2018 All rights Reserved by ETRI



1G & 2(} : from Ana,log to D1g'1ta1

15t commercially
produced mobile

phone in 1984 CDMA
Weighted 1Kg:
brick phone
s
< @/ k‘f
10 hours battery
charge needed fc?r AMPS, NMT, TACS
only 1 hour talk time Deployed in early
1990s

1980 ~
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Retail price $9,000 D-AMPS, GSM/GPRS,

1990 ~

Digital voice coding and
modulation

100~200g hand-held
devices
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MMS, Video Call and
Video Streaming \

WCDMA, CDMA2000
TD-SCDMA, Wimax

2000 ~

Internet Service with
Smartphone

LTE-Adv, Wimax-e

VS

Integrated wireless
solution

Customized personal
services
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Anytime, anywhere

Mobile
multimedia

Global mobility support

y.



A Brief History of Mobile Services in KOREA case

New Radio(2020)

HSDPA (2006) -20 Gbps ?
CDMA (1996) - 14.4 Mbps
- 14.4Kbps /7 5G \
AMPS(1984) IMT-2020
s LTE-Adv.(2013) (2020)

- 150 Mbps LTE-A

(2017)

vDSL
CDMA ADSL (2002)

(1996) (1999)
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Evolution of Mobile Communication

X Vldeo Call/Streaming e

SerV|ce(1 OMbps)
Knowledge Hologram,
Production Service Emotion Service

Limited Data; ?
SMS Service © =
A

. . N SNS Portal-based Internet
Search Service
Digital )
Voice Service
(14.4kbps)

Connected
vehicle

— i 4K UHD class
=i‘<\‘ Video(1Gbps)

Location-base Service
(M-Commerce, Telematics)

&=-

Wearable Devices
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5G Capabilities by *ITU

* International Telecommunication Union

| mT-Adv(4G) to IMT-2020(5G)

User Experienced
Peak Data Rate Data Rate

Area Traffic
Capacity

Spectrum
Efficiency

Network N\ ....... Mobility
Energy Efficiency (km/h)

Connection Density Latency
(devices/km?) (ms)

5G compared to 4G LTE

[\ EY[e]¢
Capabilities

Data Rate
Latency

Connectivity
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1 Gbps
10 msec

10° / km?

/10

&

¥

20 Gbps

1 msec

05 / km?




Yhy 5G

Enhanced Mobile Broadband |

High data rate

@ 4x/skuHp @ Hologram

Broadband Access

in Dense Areas

Moving hot spots/
High-speed train

Massive hot spots
/Smart office

Low Latency Service I

Ultra-high reliability/low latency
o Tactile Internet

Massive Internet of Things |

Massive connectivity

@ Remote
Mgttt
e =
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5G Key Technologies

Multi-Connectivity Self-Backhauling mmWave Spectrum
Control Micro Wave mmee
Data l)m Frequency Band - :‘
20 MHz 100- 400 MHz

Typical System Bandwidth

/

. Flexible Lean Carrier
Massive MIMO eMBB Broadcast ¢~ 1oT

Spectral Efficiency

Spectral Efficiency

guard time

time

Densification

freq

y Densification T
Each component is a filtered OFDM

Spectrum
Source : AT&T Lab @ 5t Global 5G Event
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\XYhy mmW¥ave for 5G?

@ Histo 'Y (LMDS* : local multipoint distribution service)
2 Attempted to use for LMDS* & backhaul

&2 Failed due to cost and non-stable operation
WRC-15 candidate frequency for IMT-2020 (Nov, 2015)

] WRC-15 Frequency bands

@ No access link consideration

Below 30 GHz 24.25~27.5 GHz
&2 CMOS technology limitations 30~40 GHz *31.8~33.4 GHz, 37~40.5 GHz
&2 Propagation range limitations 40~50 GHz *40.5~42.5 GHz, 42.5~43.5 GHz, 45.5~47 GHz,
*47~47.2 GHz, 47.2~50.2 GHz
) 50~60 GHz 50.4~52.6 GHz
@ Why mmWave for 5G access links? R y—— T

2 CMOS technology improvements
2 Short range due to high free space path loss 2 fit for hot-spot communications

2 Need for high data traffic € Many GHz of bandwidth spectra available
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ll. Mobile Xhaul Network (MXN)
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4@:
How to connect people ?

2M Candle Demonstrators @ Seoul Cityhall 2016

Deployment facts from an operator :
v" 5 times more than usual, 400 LTE BS's & 3G BS’s,
v" only 5 mobile BS's

T
i

i e

2

Source : LI 7|
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How to connect network ?

Moving Network for next generation RAN

New mobile infrastructure for next generation mobile service
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Backhaul Network Evolution

Motivation : New mobile transport network for 5G/B5G

* Unified mobile transport solution : Mobile Xhaul Network(MXN))
* Integrated mobile transport network for fronthaul, midhaul or backhaul

Cloud Central Core Cloud Core
Platform Unit (CU) Network Platform Network
3 = >
+J L R c

c S J Mobile Xhaul Network

o = 0
L

RRH Disti."ibuted eNB / isti."ibuted eNB /
Unit (DU) gNB Unit (DU) gNB

RRH: Remote Radio Head
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M XN (Mmobile Xhaul Network]

Mobile multi-hop relay transport network

A radio transport network to provide connectivity to fixed/moving RAN

with mobile xhaul which can be Fronthaul, Midhaul or Backhaul, with flexible manner

g

Core Network

L&

‘-v E
Train— = Moblle Xhaul Network
o0
Drone/ K0

< Concept of MXN >
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Internet

XCU: Xhaul Central Unit
XDU: Xhaul Distribution Unit
f-TRP: flexible-Transmission Reception Point




Use Cases & Opportunities

O

Dense Hotspot

For 5G/B5G mobile network deployment
CAPEX/OPEX minimization for various cells

deployment

oF
Bus
with

Small Cell
with XDU

-

T}

Mission-oriented network

For short-term and temporary network
deployment
Easy and fast installation of mission
oriented radio network
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XN

i

£/
Moving networking

For flexible connectivity to moving network
Broadband radio link to moving hotspot
with arbitrary trajectory such as train,
vehicle and drone

Non-predefined mobility

Toar Y

Train
with XDU
o
s’




Case Studies

d Mobile Hotspot Network (MHN)
Basic type of MXN applied to High Speed Train using mmWave
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4@:=
15t Prototype system (san. 2016

kem Value
Frequency 31.5~31.75 GHz .
Public Internet
BW 250 MHz P '
Duplexing TDD ' mGW mGW: MHN Gateway
= . mDU: MHN Digital Unit
Transmit power 100 mW / 250 MHz ‘ mDU mRU: MHN Radio Unit
~. mTE: MHN Terminal Equipment
Antenna gain 22 dBi
Diversity DL Tx diversity only
Beam width (3dB) g %
Transmission technology OFDM
modulation 64QAM/16QAM/QPSK : 1km
Access link : (Giga) Wi-Fi
Coverage (straight line) tunnel 1 km ‘mm":’»m
(64QAM, PRI
h cod) (curve line) tunnel 300 m Inside vehicle
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2"9 Commercial sys

téMmyreb. 2017)
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2"9 Commercial systemreb. 2017

Successful demonstration upgraded MHN system at the site of
Seoul subway line 8

* Data rate of over 1.25Gbps was achieved
* Seamless Handover and 390Mbps WiFi in-train service was achieved
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MHN 설치+시연 (동영상).mp4
MHN 설치+시연 (동영상).mp4

2"9 Commercial systemreb. 2017

- Beam Radiation Pattern
T . T

Antenna module configuration ] e
*  mNB(or mRU): 2T2R, mTE: 1T2R
*  Maximum transmit power of 20 dBm

EIRP requirement in 25~26GHz (FACS*

* EIRP=36dBm (@ 500 MHz BW) =T

230 F

e (dBi)

40 L L L I L L L
-200 -150 -100 -50 0 50 100 150 200

Degree (6)

TX : 4x4 patch antenna
Size RX : 8x8 patch antenna
(66.6 mMmm x 62.3 mm)

TX:16 dBi

Antenna gain RX : 27 dBi

TX: 12°@Vertical, 12°@Horizontal

Beam-width@3dB RX: 8°@Vertical, 8°@Horizontal

<mRU> <mTE>

FACS*: Flexible Access Common Spectrum, assigned on Nov. 2015 by KR government
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2"9 Commercial systemreb. 2017

BEEY

(=1 -
SNR
Eil RUL
200m
RU2
300m
RU3
400m »
'1.26 Ghpt 3 5 ! ! |
Throughput.| m 0 T TTYLAT RO L i aipndn et i
4z |
i i | | i
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MHN 설치+시연 (동영상).mp4
MHN 설치+시연 (동영상).mp4

2"9 Commercial systemreb. 2017

Demonstration of \Xi-Fi service

WEEw. . OxiQ vl 75% @ 274 10:54

ouzsas () BENCHBEE C BENCHBEE

<WiBro Backhaul> <LTE bahkhaul> <MHN backhaul>
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3" Olympic Demonstration(reb. 2018

KR Radio Access: 3D multi-view with mm\W¥ave 5G backhaul

3D multi-view service based on MHN-E backhaul link on Gangneung Yolkok street
The coverage of mRU is about 600 m

(Transmit power is restricted to EIRP 36 dBm: FACS requirement in KR)
3 dB Beam width Tx: 12°(19 dBi), Rx: 8°(22 dBi|

. . * RU
(mmWave moving wireless backhaul) -

2.5 Gbps~5 Gbps

Inside vehicle

Super Multi-view 3D display

~ JEER KOREA-ELI JOINT PROJECT DEMO VEHICLE | ‘
oi3-gEde ASEA7 AN |
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Summary

d

THREE Features of 5G Mobile Communiction
% eMBB enhanced Mobile Broadband 20 Gbps
% URLLC Ultra Reliable & Low Latency Coomunication 1 msec btw MS & BS

X/

s mMTC massive Machine Type Communication 10% devices/km?

mm\X/ave

% CMOS technology > getting mature for deployment

“ Small Coverage due to high free space path loss = fit for hot-spot communications
¢ GHz bandwidth spectra available -> fit for high data traffic

MXN(Mobile Xhaul Network)
» Defined as wireless transport network connecting “mobile” RAN and packet Core
» Provides flexible connectivity of 5G compatible xhaul with mobility

= Backhaul Base station «»Core Network

* Fronthaul Radio Remote Head <« Cloud Platform
= Midhaul Distributed Unit «» Central Unit

>

L)

CR)

L)

L)
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