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ABSTRACT

The fourth generation networks have been widely spread since the first commercial deployment in 2009. Amid
the proliferation the fifth generation mobile networks will be expected to emerge in the late 2019 or early 2020.
On the other hand, Korea will hold the world sporting event of PyeongChang Winter Olympics in 2018. The
worldwide event will provide not only winter sports games but also technical exhibition opportunities where
people can experience diverse fifth generation mobile communication technologies and services in the early stage.
As one of Korea-EU joint research topics the fifth generation mobile communication research segment has been

designed to deliver fully integrated 5G systems of both sides, inter-operability tests between them and
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proof-of-concept demonstrations of the systems during the Winter Olympics. In this regard, this report details the

Korea-EU joint research project on the 5G with special emphasis on the access technology parts of Korea side

including research progresses, a field trial, and demonstration plans. The access part of Korea side will develop a

5Gbps mobile wireless backhaul system based on millimeter wave bands, which will be used to demonstrate

super multi-view video services in a bus.
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Usage scenario Testbed KPI and Functionality
2.5Gbit/s backhaul data rate
1. High user-mobility case Korea 100Mbit/s UEDR

500km/h mobility (simulation)

2. Short-latency applications (e.g. multi-player Korea-EU Joint
remote gaming) (PyeongChang)

2ms latency
Inter-system interoperability
SDN/NFV in vEPC

3. Broadband applications (e.g. UHD video
streaming, 3D VR, Super Multi-view 3D
display)

100Mbit/s UEDR

Korea-EU Joint 2.5Gbit/s backhaul data rate
(PyeongChang) Inter-system interoperability

SDN/NFV in vEPC
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Table 2. OFDM numerology of MHN system

Parameter Value
Subcarrier spacing (kHz) 180
Sampling rate (MHz) 184.32
System bandwidth of carrier (MHz) 125
Fast Fourier Transform (FFT) size 1024
Number of used subcarriers 600
OFDM symbol duration w/o CP (us) 5.56
Cyclic prefix (CP) duration (us) 0.69
Number of OFDM symbols per TTI 40
TTI (Transmission Time Interval) (us) 250
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2.2.3 MHN RF $547] & oteft A1

MHN®| RF 41 =9} hevbe Al An2]A]
£ AAshs 78 8]lolEta & 4 ik A= A
23t opel Fulgrt VR AR Ao
713171 wWEell mmWaves AM-3H= MHN A|22E]
] 7d-5-olli= LTE/LTE-A®] Folpol] vla) 58 3}
T ARRRe R Qe WAElE Sl £AS
et = 97} glck & 32250 - 1,000 me] #2el
3 3= WA (link budget)S AXFEF Zolt) nE
$-oll =4 3}9] (Power)= 17 dBm< 7Hsla, &4
ok} o5 19 dBiS 7Pgskith o2 A 71Agh
o]-f= 24-26.5 GHzell g =] 417} 36 dBm<]
EIRP (Equivalent Isotropic Radiated Power)S 774
slar ol7] wlitel] AARESEE f1%E el el
2)golck 7] £4L 02 dB ©]3}E zEsldch 5
Al ZFE (Sensitivity) -66 dBm  64QAM
(Quadrature Amplitude Modulation)®] = 3]s}
0.89] T =& (Code Rate) 12|72 MMSE (Minimum

o £ [z

mmWAVE PART i3

AMP  AMP AMP. Isolator  FILTER

FILTER

N

BFUEE =
‘ /
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FILTER 4 E ‘
—H=<—1n
| K |
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12l 4. MHN RF $5417]9] £2 tlo]ojzal
Fig. 4. Block diagram for mmWave part of MHN RF
transceiver

72] "& 15.1 -3.1 dBY] link margin®] 7}t 2&
o 4 9lch

713 4= MHN RF $541719] Wejnjejg) Az
ol gk BF tlolo] 23S viepdict kA AF
3} EIRP 715 36 dBme] E|%E RF £54171¢} gH)
s AAE A 1km A= AR E §RE 5
2lel. MHN RF $5414%= 29]%] SPDT (Single
Pole Double Throw)E o|-8-3}¢] =413} =418 A7}
S 2 A A3 4 9)=E o2 TDD (Time
Division Duplex) WS A|dghc) S-S 418
2Jsle] AHZEZ7] (Power Amplifier) & oJ2] ez
TAEET FEH R 27dBm EHS ZH=c} opt
th Jlele] wAlex] HEAS= PAPRe| o3}
10dB back-offS 245024 3+ 20| 17dBm
=2 Aok}t  otelle]  ALdl:=  Slotted
Waveguide SHIUE AME3l=® 914} (Phase)ol] o
gt 2o] 7153lA] edot A whekol| gt Wlo & A}
43t} &9 lEls 4x4 array S ©]-8-51o] 19 dBi
o] gty 0|55 F&E dla, 4l <V 6x6
array 5 ©]-8-3}o] 22 dBi®| QL) o] 55 &5 g

- AT AL <k o] 50] MR B ol F
[

RN § . Ale] 739 EIRPel| tigh A1 w27] $17F Zlo],
= 5 o
Means Square Error) 41715 AH&-3F wle] ghojct. £9°) 7% 7Fsd Azl vl 8eg 9lg Aol
¥ 3. 83 #A
Table 3. Link budget
Distance Free-space path loss RX power RX sensitivity Link margin
1000 m 120.7 dB -62.9 dBm -66 dBm 3.1 dB
750 m 118.3 dB -60.5 dBm -66 dBm 5.5 dB
500 m 114.7 dB -56.9 dBm -66 dBm 9.1 dB
250 m 108.7 dB -50.9 dBm -66 dBm 15.1 dB
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2.2.4 MHN Aladlel M5 &4

MHN A A ellA= o] gdie] wE ~9Ez]
X8 (Spectral Efficiency)S #43h} 53], 2.2.24
ol|4] 7]%38F OFDM Numerology”} 5G NR *53}
A5 el A AR S Al i)
LTE/LTE-A°l|4] A}83}= CP Zo]= OFDM A&
Zole] 7.8% 22 7%el 33l 5G NRelA= 6
F5H9] ks 7FA (Subcarrier Spacing)2 FHZ
213k gl=dl, 22l tiste] OFDM Al&-2] o]
7} Wskslr] wliol 7% -2 7.8%9] vl A
7350l CP] ZHol® A Hefzlth e 45 $
gt 6 52 Tl A3E X 4ol SoFslich TTI
o d3h= subframe> LTES} “I7IA2 1471¢]
OFDM Al &2 o]Foizlt}. oA set 1-67}4] 4k
%3} 7H40] 15kHz oA 201¥ F718le] 480kHz7HA|
wWskghol| uwleba] TTIS] 4o =3t ImsellA] 31.25us
7HA] Zraghe) 2R 3he 2 TTIe AAdS 24
3l=d] $2]3} =2, Tactile Internet, remote surgery,
real-time gaming 53} 22 5§ Folel A-g3l=iH
set 1 Hrl= AHoR st 6Z| 7k
numerology & #-88h= Zlo] f2l¥ 4 qlr} =3k
set 1914 set 622 Z<Z CP Zo|7} Zolx|=2 3
4 7153 RTTS} A g4F gro] 2ozl o] A
x| el A =2717F A ztelA]= A& 2wl
gk}, webd 6 79 numerology A3 A E &
A e e #Hge] rlssitta & 4 glrh

MHN- 2] 500km/he] ©]5A4d-S A3l 4

L

il =
Astdel wletA 6 5572 numerology A 3te] a4
ol Aloll ¥ A5-& ehll= A4S 3ol AA
%l MHN A|28le] A& HA8E 4 9lck ]9
A2 t}Z numerology %3S ©|-83le] 3GPP 5

E 5. A% 242 913 ABdeld el
Table 5. Simulation parameters for performance analysis
Parameter Value
Carrier frequency 30 GHz
System bandwidth 80 MHz
Channel coding LTE Turbo
16QAM 2/3, 64QAM 3/4,
Mes ZSSQAM /3/4 ? /
Number of layers 1
Control channel None
Channel estimation Ideal
Equalizer LMMSE
Channel model!™ TDL-D (10ns, 100ns with
K-factor = 13.3 dB)
Phase noise model Multi-pole/zero model
UE speed 500 km/h

3}ollA #13)=]+= 5G NR HST (High Speed Train) 4|
we] Lol vk g7t wh S A-838te] AlEHelidS
Salsigion], e AEeel e $Iat sejule]
£ E 5ol Aelsiednt UL Agelol e Ba) G
Spectral EfficiencyS SNR (Signal-to-Noise Ratio)2]
e o= Jehd 23 59 2} 500km/he)
o5 slell Hakesl 7HAo] 2% Spectral
Efficiency Ad5°] BolAl= A& Yehdr}l E3] o]
733 MCS (Modulation and Coding Scheme)7} =
< Al Fxeixlck 30kHz ©|3k=  spectral
efficiency A5 *3p7k 714 31 o] 54d& #1137
ol ol2le2 & 5 otk 60kHz olide] == 7%
olli= nlad Ads A8k} 2 vhehbe, 120 kHz ©]
el 757t #H 9] AeS Belck wlebd MHN A

E 4. 4% 371 313 OFDM numerology %%t
Table 4. OFDM numerology sets for performance evaluation
Set 1 Set 2 Set 3 Set 4 Set 5 Set 6

Subcarrier spacing (kHz) 15 30 60 120 240 480
System bandwidth (MHz) 80 80 80 80 80 80
FFT size 8192 4096 2048 1024 512 256
Sampling rate (MHz) 122.8 122.8 122.8 122.8 122.8 122.8
Number of used subcarrier 4800 2400 1200 600 300 150
OFDM symbol length (us) 66.67 33.33 16.67 8.33 4.17 2.08
CP length of the Ist symbol (us) 6.05 3.08 1.54 0.82 0.46 0.28
CP length of the 2nd symbol (us) 4.66 2.33 1.16 0.58 0.28 0.14
Number of symbol per subframe 14 14 14 14 14 14
Subframe length (us) 1000 500 250 126 62.5 31.25
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Monitoring
Computer
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a2 7. 7136l A" mTEEH Aol A% Wi-Fi AP(P)
Fig. 7. mTE in the engine room (left) and control equipment and Wi-Fi AP in the train car (right)
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Fig. 8. Data rates of MHN backhaul (left) and download speed through Wi-Fi (right)
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Fig. 9. Testbed concept of MHN system during the PyeongChang Olympics
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