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SUMMARY

1. Title

Research on Compact Radio & Dense Digital Mobile Base Station

Technologies based on RoF
2. Objectives and Importance of Research and Development

A. The objectives of research and development

Recently, the wireless data traffic rate has been increased explosively due
to the advent of broadband mobile services such as LTE and LTE-A. The overload
capacity of mobile fronthaul system begins to generate by this. For example,
frequency band shortage, masssive connections among mobile terminals, mobile-to-
mobile direct communications, small cell connectivities, and backhaul bottlenecks
will be technical challenges for the traffic bigbang environments.

In this project, new technologies for the transmission of high capacity
wireless data are proposed and implemented in order to meet such challenges and

requirements and to prepare the changes of next generation mobile services.

B. The importance of research and development

The change of future radio envirionment including 5G services is summarized
into four catagories as follows. Firstly, the demand of wireless data traffic such as
various multimedia and social network services has been increased rapidly. The
appearance of IoT(Internet of Things) make the number of things connected with
internet grow increasingly. Accordingly, we can expect that the wirless data traffic
has been increased sharply. Secondly, the number of various mobile devices such as
smart-phone, tablet-PC, and PDA will increase. It will be expected that the amount of
mobile devices and machines(things) is increased to 10.2 billions and 50 billions,
respectively. Also, the use of various machines such as wearable devices, sensors,
and actuators has been increased fast. Thirdly, the introduction of mobile cloud

comput ing system has been accelerated due to the the development of various product
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for mobile cloud computing services according to the considerable demand of mobile
cloud users. Cisco reported that the data traffic rate of mobile cloud system will be
increased from 35% to 70% until 2020.

Finally, various mobile converged services, which are based on mobile
services, such as augmented reality, ultra high accuracy positiong services, hologram
services, smart healthcare services has been recently introduced and theirs demands
are also increasing. Therfore, it is necessary to develop the mobile fronthaul system
with high capacity considering the 5G mobile services.

In this project, three research topics are derived and studied so that we can
get original technologies for the broadband wireless transmission with 5G. The first
one 1s to develop a new analogue optical transmission technique which is different
from the digital transmission based on CPRI. As the related element technologies, the
development of analogue optical transceiver, hybrid equalizer, and analogue optical
link are proposed. The second one is to implement the digital unit (DU) and the radio
unit (RU) with high capacity, which is based on analogue optical link. For this,
three element technologies are investigated and developed; the channel estimation and
signal detection for radio over fiber (RoF) system, the study of RF up/down converter
for multi-intermedia frequency (IF) as well as demultiplxer, and the matching
technique between RoF and PHY/L2/L3 levels proceeds. The third one is to implement
the mobile fronthaul link test-bed based on RoF and its application service platform

like smart grid.

3. Contents and Scope of the Research and Development

[1 Total year (Jan 1, 2014 ~ Dec 31, 2016) research project
(O Research on Compact Radio & Dense Digital Mobile Base Station Technologies ba

sed on RoF

[ ] Total year research objective and contents
(O Development of analogue optical transmission technologies
- Development of analogue optical transceiver module
- Study of hybrid equalization techique

- Study of analogue optical link for mobile fronthaul system

N

11



(O Development of high capacity DU/Compact RU technologies
- Study of high capacity DU based on RoF
- Development of DU matching technique supporting 12 IF

- RF up/down converter for multi-IF and distributor based on RoF

(O Implementation of application service platform and its test—bed
- Development of the research prototype of DU and RU
- Development of test-bed for wirless link between base station and mobile
terminals
- Demonstration of UHD video services using mobile fronthaul link based on
RoF
- Development of the application services platform for M2M/IoT
[ Second vyear (Jan 1, 2015 ~ Dec 31, 2015) research objective and contents
(O Development of analogue optical transmission technologies for 16 IF multiplex
ing
- Development of analogue optical transceiver module(TRL 4) for 16 IF
multiplexing
-  Implementation and test of hybrid equalizer

-  Design and implementation of analogue optical link

N

(O Development of DU matching module/Compact RU supporting 12 IF
- Development of DU matching module supporting 12 IF

- Development of RF up/down converter for multi-IF

(O Implementation and integration test of DU/RU test-bed platform

- Implementation and integration test of DU/RU test-bed platform

4. Second Year Research Results

[] System engineering and promotion activities
(O RoF project QM activities
-  RE-difinition of RoF project process and configuration items
- Update of user/system requirement

- Achitecture desine of RoF system

12



Q-mark verification of R&D results

(O Integration test for GK-5G trial fronthaul application of RoF optical link

Functional test for GK-5G trial fronthaul application of RoF optical link

(O Global coorperation and standardization activities for RoF technology

Global spread and international standards coorperation of RoF technology
with Huawei(China) and NICT(Japan)

International collaborative research with UCD for development of a low-
cost low-loss optical coupler for RoF optical receivers

Submission of contributions related test results to ITU-T SG15/Q2 and

acquisition of final agreement to G.Sup.RoF in ITU-T SG15 assembly

(O Promotion activities for commercialization and outcome spread

Demonstration, exhibition (OFC 2015) including public relation

Promoting technology transfer and commercialization

(O EIRI’ s representative outcome, High Five ESCoRT RoF technology

Win the Grand Prize among 10 cadidate tecnologies

[ ] Development of analogue optical transmission technologies for 16 IF channels

multiplexing

(O Development of analogue optical transceiver module supporting 8 IF channels m

ultiplexing(TRL 4)

Seperation into DU and RU type, DU type with the small size and low-
power—consuming feature, RU type with high reliability

Experiment setup establishment of analog optical transceiver supporting
16 IF channels multiplexing

Less than 8% EVM performance according to O km and 20 km down/Up-link

transmission

(O Implemetation and test of hybrid equalizer

Design and performance analysis of the equalizer with T-attenuator
structure that can compensate for the frequency response of low cost LD,
inserted the passive device controllable pass/stop—band

Design of Tone-reservation based digital pre-equalizer, and Confirmation

of compensation for the nonlinear siganal distortion caused by clliping

13



(3.5% to 4% EVM for O km and 20 km transmission)
Design of adaptable digital post—equalizer using Wiener-Hammerstein model

and confirmation of EVM performance improvement possibility

(O Design and implementation of analogue optical transmission link

Establishment of compensation method for 2’ nd nonlibear effect caused by
the dispersion and chirp after receiving the optical signal

Design of analog optical link performance improvement scheme applied to
dispersion management device

Implementation of analog optical transmission link based on dispersion
management device

EVM performance analysis after 20 km transmission of 96 IF channels

multiplexing signal according to the dispersion management device

(] Development of DU matching module and compact RU supporting 12 IF channels

(O Development of DU matching module supporting 12 IF channels

Architectural and detail design of DU matching device

Implementation and test of DU matching device with 2U rack

(O Development of RF up/down converter for multi-IF

Architectural and Detail design of compact RU
Implementation of compact RU(Sector 2 &3)

Test of compact RU

[J DU/RU testbed platform building and integration test

(O Testbed platform building and integration test

Test plan establishment according to Rof system requirement

Rof system integration and integration test

RoF based mobile fronthaul testbed platform building and LTE combined
trial test

Confirmation of transmission performance and acceptable baseband signal
number by RoF based mobile fronthaul technologies application
Confirmation of availability for commercial LTE services by RoF based

mobile fronthaul

14



- Qmmark verification of RoF technologies for the mobile communication base

station

5. Application Plan of R& Results

The goal of this research is to acquire the core technologies for future data

traffic big bang environments. We conducted aforementioned research items to meet the

second year’ s research goals. These outcomes will be exploited to develop the mobile

network infrastructure and application projects

6. Expected Effects and Suggestion

(]

Implementation cost reduction of infrastructure for mobile converged services
such as IoT services, LTE-A, and 5G

Support of tactile internet service using the implementation of mobile fronthaul
system with low latency

Improvement of the cost-sharing ratio of access user through the reduction of
CAPEX/OPEX

Vitalization of next-generation mobile services using the support of mobile
fronthaul system with low latency

Use of RoF system as an infrastructure for application services regarding to IoT
and M2M

International market competitive power and creation of sales profit using the
transfer of techniques such as the design of analogue optical transceiver into
mediun and small firm

Smart grid service diffusion and the vitalization of related industries

Support of safe smart grid service after the elimination of NAN region which has

weak network security
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3GPP
BER
BS

CA
CAPEX
CNR
CoT
CPRI
CWDM
DEMUX
DU
DWDM
eNB
ESCoRT
FA
EVM
FTTH
H(e)NB
HetNet
HTTP
ID
IEEE
IF
IFoF
IoT

IP
IPR
ITU-T

L1

L2

L3
LBS
LNA
LTE
LTE-A

3rd Generation Partnership Project

Bit Error Rate

Base Station

Carrier Aggregation

Capital expenditure

Carrier to Noise Ratio

Central Office Terminal

Common Public Radio Interface

Coarse Wavelength Division Multiplexing
De-multiplexing

Digital Unit

Dense Wavelength Division Multiplexing
E-UTRAN NodeB

Energy, Size, Cost, Resource and Traffic
Frequency Alignment

Error Value Magnitude

Fiber To The Home

HNB and HeNB

Heterogeneous Network

Hypertext Transfer Protocol

Identity

Institute of Electrical and Electronic Engineers
Intermediate Frequency

IF over Fiber

Internet of Things

Internet Protocol

Intellectual Property Rights
International Telecommunications Union-Telecommunication
Standardization Sector

Layer 1 (physical layer)

Layer 2 (data link layer)

Layer 3 (network layer)

Location Based Service

Low Noise Amplifier

Long Term Evolution

LTE-Advanced
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M2M Machine to Machine

MAC Medium Access Control

MIMO Multiple-Input- Multiple-Output

MUX Multiplexing

NG-PON Next Generation—-PON

NG-PON2 Next Generation—PON2

OFDM Orthogonal Frequency Division Multiplex
OFDMA Orthogonal Frequency Division Multiple Access
OPEX Operational expense

ORI Open Radio equipment Interface

P-GW PDN-GateWay

PA Power Amplifier

PHY Physical

QAM Quadrature Amplitude Modulation

QoS Quality of Service

RAN Radio Access Network

RAT Radio Access Technology

REQ REQUIREMENT

RF Radio Frequency

RoF Radio over Fiber

RRH Remote Radio Head

RT Remote Terminal

RU Radio Unit

SA Signal Analyzer

SFDR Spurious Free Dynamic Range

SG Signal Generator

SNR Signal to Noise Ratio

TCP Transmission Control Protocol

TDD Time Division Duplex

TTA Telecommunications Technology Association
UTRAN Universal Terrestrial Radio Access Network
WDM Wavelength Division Multiplexing
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