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ABSTRACT

We address an implementation of link level simulation following S5th generation standard. We analyzed the
standard to effectively apply the key features into our simulator. Our simulator, 5G K-SimLink, which has a
modular structure by functionalities of Physical layer, follows the most current standard of 3GPP to make our
simulator unique. In addition, we show that our simulator achieves reasonable results through calibration with

various companies.
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Release 154 7]&2] LTE-A Pro A|2~8l7} diy]
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5. AdERe WskE e S el olzidk wiskd
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2.1.1 Numerology % waveform

Numerology®] 3= subcarrier spacing®] 7|&
LTE-A Proell*+= 15kHz 2 IA =AW, 56 NR E
TollA= AREshe Tk el wlel 15, 30, 60,
120, 240kHz®} o] subcarrier spacing= -524l
ks s88lalet [ 1. o]l we} 7] 100MHz =
Agk=lglsl Zd HYZ =38k numerologyell wleEh
6GHz ©|3} o> 100MHz, 6GHz °]% thl->
400MHzZ *3}sigich Waveform®] 73-$ LTE-A
Prod} "H71AIZ orthogonal frequency division
multiplexing(OFDM)Z}  single carrier frequency
division multiplexing(SC-FDM)3- X|<43}x| 5k, tlof
g} subcarrier spacing®ll & cyclic prefix(CP) 2]
o] W7} g,

1. Numerology®ll T2 subcarrier spacing, AJH3Z#HIv
X 5 E59 *‘i o] A 2]
Table 1. Subca.rrler spacing, number of slots per subframe

and symbols per slot determined by numerology [2]

kI

number of | number of
Numerology(y) | 2ux15[kHz] | slots per symbols
subframe per slot
0 15 1 14
1 30 2 14
2 60 4 14
3 120 8 14
4 240 16 14
5 480 32 14

2.1.2 g =&

5G Ad 2de] A9 6GHz ©|3}e] Tl thei
qk opel 6GHz o]4e] wFu) e o] nkeat A%
E A A Bed A S wkeds] ¢
gk A mle] [5)0l] 7]E=90ek §] A el LLS
= 913 A2 =92 clustered delay line(CDL) 23
3} tapped delay line(TDL) R®-S- 7|&3l 91,
NLOS 2744 93 CDL-A, CDL-B,
CDL-C(TDL-A, TDL-B, TDL-C) =93}, LOS 37
< 93} CDL-D, CDL-E(TDL-D, TDL-E) ®d¢] =}
2Hel7} A= gl

2.1.3 sfolez|= gzl

Al 5G eMBBellA = =& tol|49] 41E 7

= s S13l 4G th] B2 o <kelvE ARS-
gt oAl W2 skelvE AR8b7] f1Ei4] 5G NR
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2.1.4 Reference signal
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J2 1. 5G K-SimLink®] 2%
Fig. 1. Structure of 5G K-SimLink
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5G K-SimLink®] 755 <1341, 3GPPell4] =3t
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S Ve Aelsn Qa, ol E 29} Pl 2ok
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Table 2. Simulation assumptions for phase 1 calibration

Below 6GHz Above 6GHz
Carrier 4GHz 30GHz
Frequency
Subcarrier
X 15kHz 60kHz
Spacing
bandwidth 20MHz 80MHz

CDL-A and CDL-B
(delay spread=100ns, UE speed=3km/h)
1D sub-array 2D sub-array
partition model partition model

- 1: DFT beam for the strongest cluster
- 2: Best beam for the maximizing

Channel Model

TXRU mapping

Beam Selection

Method .

receive power

BS: (M,N,P) = BS: (M,N,P) =
Antenna (4,4,2). (4,8,1).
configurations UE: M,N,P) = UE: M,N,P) =

1,1,2) (2,4,1);

BS: Antenna BS: Table A.2.1-6
Antenna . .
lement pattern in [9] in [10]
| UE: UE: Table A2.1-8
adiation. patte Omni-directional in [10]

CDF of receive SNR w/ beamforming at
SNR=0dB

Metrics
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Fig. 2. Calibration result of 5G K-SimLink (Phase 1 link
level calibration)
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Fig. 3. Calibration result of 5G K-SimLink (Phase 2 link
level calibration)
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E 3. Phase 2 75 AR 7 %
Table 3. Simulation assumptions for phase 2 calibration

Carrier 4GHz
Frequency

Subc.amer |5KHz
Spacing

8 Resource Blocks

CDL-A and CDL-B
(delay spread=100ns, UE speed=3km/h)

Data allocation

Channel Model

TXRU mapping 1D sub-array partition [11]

- 1: DFT beam for the strongest cluster
- 2: Best beam for the maximizing
receive power

Beam selection

Antenna BS: (M,N,P) = (4,4,2), UE: (M,N,P) =
configurations (1,1,2)
Antenna

BS: Antenna pattern in [9]

element .
UE: Omnidirectional

radiation pattern

Analog Beamforming based on beam

Beamforming selection

scheme + Digital Beamforming based on ideal
SVD

MIMO mode SU-MIMO with rank=1

UE receiver MMSE-IRC

type

MCS Coding rate: 0.1354, Modulation: QPSK

DMR!

S 2D MMSE (frequency - time
channel .
. correlation)

estimation
BLER w/ beamforming as a function of

Metrics transmission SNR ranging from -20dB to

0dB

3.2 5G K-SimLink2| ZxtA

5G K-SimLink®] 2A] 2|8 =2 72w 2 s
o] AL B A EdolEld] FAdel 2 oolE 2z
ok & A EYelel7} AR A 75 FEE R
E318l1A] 7o) E$17]ol Release 167 L o]%F X
F e AZE E2AS 710 i 2 e &4
Al 45 5= 9} AR B =l 4= downlinkel]
el g4z olFdx|qt 8% downlink A&
tole]e] A3AQl ES} FEE5 7|HES R uplink®
A FEE Fleled, HZAo= downlink SISO,
downlink MIMO, uplink SISO, uplink MIMOZ. ©]
Fo%] 5G K-SimLinkE 7443133tk 5G K-SimLink
£ 7HEC R vkt FAl Al2Hle] AP o o] &
A o2l ARAES] =5 A o] FolA|7]E W]

1A spek

Il

o o

l
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