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5G K-SimLink: Development of
Open-Source Modular Link-Level Simulator for 5G NSA

Jihoon Chung®, Sangwoo Park’, Woowan Wang , Giseung Park’, Seungmin Yoo,
Seung-Chan Lim’, Myung-sik Cho’, Dachan Ha’, Joonhyuk Kango, Hyuncheol Park’,
Youngchul Sung*
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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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5AI o584l 715 =A 252 AR EA
AZHITU)SllA IMT-20200]2R= o] F-0& $3lo] o
A=le] gla, o] $lsl 3GPP(3rd Generation
Partnership Project)llA+= IMT-20209] $H. 7]&-&
wEw ek ARE BAAE 714l New
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15(Phase 1)} IMT-20209] #HF 4L Sl
Release 16(Phase 2)2.%2 15| %138] Zo]37, Phase
19] 73-9-olli= 2018 9ol SH=E !, 2 =2
5G % = Release 155 7|ule g 31 8]=3 ¢ A]
Eo]E|(link level simulator, LLS)2] +& ¥ 7|5
BEE, HAE AR S e W8-S 7|Edck
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AEI=ES vESle] Task 2
slode. olejal AAl A =z 1oy}
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Non-standalone(NSA) AF&lol|x] F3 =g} B =&
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Release 15914 7]&2] LTE-A Pro A&z} tin]
3lod =7 1. Numerology ¥ waveform, 2. 5G Ad
2dl 3, sjo]He|= ®l¥R] G- 4. Reference signal,
5. AdERe WskE e S el olzidk wiskd
o osl AMAIE] 7]EsAE o 2ok

KAIST | IP:143.248.49. %**

2.1.1 Numerology % waveform

Numerology®] 3= subcarrier spacing®] 7|&
LTE-A Proell*+= 15kHz 2 IA =AW, 56 NR E
TolM e ARgsl= Tk didel wel, 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 W3}sleith 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 W} Hked= ey,

1. Numerology®ll T2 subcarrier spacing, AJH3Z#HIv
25 o 259 A 5o W 1)
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 xd =&

5G Ad mele] 49 6GHz ©]3ke] Tl tft
Wk opel 6GHz olde] sl v e] ukgat s
5 FAE Ao A Ad 3 vkl Sl
gk A mdeo] [51¢] 7leE ek 9] A4 = LLS
E $18t Ad == clustered delay line(CDL) 22
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
< 9|3 CDL-D, CDL-E(TDL-D, TDL-E) =&l¢] =}
2t} A= ik

2.1.3 slolge|= w=al

A 5G eMBBelA= :% thefellxle] Als Zh4]

2 A7) 919 4G ] B 5] QEHE AL
ek, 019 e HLLE AH3a] A9 56 NR
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Fo] ARpsAE A S| Eujke a2
9= Ad AR dew mero AT 7]EA
o7 %ol AHo)wl ZeEo] 7% Type L, II CSIRS
codebook & & WAZICE Z47ke] A9 BT slo]HE]
= w3 opdet B sl DFT Ml 7|
Hho R Sh= opdE WS ARSIt g, Y™
ko] 79 #5} gleu} F3ollA] co-phase 2 ]
Slo opdo1 We ATSH: AHType o} obde
2 el 21k elskel A8 E§Ro.R ohdw
2 el S A3k -H(Type IDE vheAAIch

S

2.1.4 Reference signal

Lol At slelBe= Wxn] 725 A5
Al AdS F45] 917 dERs AS w3 ofe
W37} o] Folziek wA kv 7t s A9 Ad
ARE FAs] 918 AHE-EI9" CRS(Cell-specific
Reference  Signal)”}  CSI-RS(Channel  State
Information Reference Signal) % thAl|=3lor, =2
T oS ARShe BAlellA ZA Wstele d
o|=5 ZAslr] fl8] Bl dlFRs Alse] o3
S PTRS(Phase Tracking Reference Signal)”} &+
A =9k 53] CSIRS®| 795Gy a#sh=
=) T2 Y JEYS Fyp oz wiedd 5 9=
E 7ASellA a8t opdR W AEE o
7] B e® RSS el S XS A

A= e,

2.1.5 =g =4

5G NR ¥Zol|#]& LDPC 357} Aewglom,
LTE 39| Trubo -3 752 28 A5 243
WA e Bs EBawZ zir) LDPC Y3
quasi-cyclic LDPC #3244 7|2do2 H3& 1/3
3} 1/58 ZH2t 2| 98k= F 714 BG(Base Graph) 1
3} BG 2% 7%k w3 2= 55 oo} F5&
o] A =" BGEYE] PCM(Parity Check Matrix) S
FHEgAHom A 5 glem, BG 1 Aoz 7]
Fe BE Zole} 58-S X5l BG 2% A
T E5 Zolo} AH5 8-S x|sdghh

2.2 5G K-SimLink2| E21X

a3 19] 7%, AARE 56 K-SimLink®] & 715
TEES vehicl TRl ZF B8] A9 A
AgF z2geuS 7o 2 g BES orlsly
Z B2 A 4 nES ¥33)a 9l classE 2]
n|glt}, 7|22 2 Parameter classellx] AlE#o]4d
o] Alde] e, Avle] R g3t gjetulee] Aks
ok o] e ES o]83le] BS class, UE
class, 5G channel 2EoA] AA| A EHo]dE ¢35t
2218 AAElcl WA BS class®] ¢ 7|EAH o2
7RIS Feshs REES 3k el ol
Afshe el 73 AANE A=tslA Rse] A4
4 &) Adsy], Wl¥nl, OFDM Als A 55 %
Rk o714 g3 552 5GE 918 4GHiR] 7]
ool Wishyl BES ofvlslal WY £E52 7]E 4G
oA Wshe 5G 7] SAFES Wl fls) =t
EEEHA T2 Rz A /)5S oherk of
o|gA A%l 2157} 5G channel &S 3l A
3l AdS E3)5}ed UE classoll 1<% 3 UE class
oM W A5 E tIdsle FHS AXA ok
©]+= OFDM demodulation, A'd 4, 7|A|=°& 3]
=l s 5] $lg AL As oA 2 AlEHe A
o] A= ESA3] 913 result ES E3HSL

o)A, 5G K-SimLink7} ]84 LTE 3%5FolA 5G
NR #Fowe] Wshs w3l =A1E ‘1. 5G9 &
AxP oA 717t WA olA] =3laA) gl

o\

o rfr

o,

Feedback Do
calculation edraction
Dol .
g b bk Detection
FL R o ooeser |

J2 1. 5G K-SimLink®] 2%
Fig. 1. Structure of 5G K-SimLink

2.2.1 Numerology % waveform

Numerology®] ¥3h= &a] ZFolA A= 15,
30, 60, 120kHzol| a4 Flw|e] glom, ARg2}7}
AR Adlsle] W7dd 5= glrh w3 B =Y
94 F &% 5 Hd dHE, SSPBCH +59]
numerology 5°] 3% numerology®ll W2} FFA
of WA WaleE FIHEUtE Waveform 2=
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2.2.2 M4 =™

a5 o 2 2D wijde] Hat qhele] BAS
Hkedw= 3D APd mdo] [5]of] 7l&ed W85 7|4k
o2 = 4pd AEdelele] IdolA] =ik
A4 02 CDL 7[uke] mdde] alil- o2 Fl=|g]
3. 2D wid gL, s}k <kely ke HE,
Doppler shift, 7]%]=- downtilt 2 slant angle, A8}
9] rotation 5°| HFFE 3L, A je] Lol P2k eSS
AT 5 =E FEgh =gk et A5E
$1gk ¥jxel TDL 74ke] 2= = glch

N
o

2.2.3 stojlEg|l= |i=y

5G K-SimLinkol|4] ®lZ7]e] 79 Type I CSIRS
codebook™&- 7|ake. 2 &lo] AAsleic). AA| slo]
Bele wlzne] A9 opdE o i tAE who g
HAA E=u obd R whe] - sh=sle] Algk
o7 7F Yukpa a2k vy FRE Alsle]
ofit 3tar iAW whe] A 7 kbl W o
wxn 725 AME 5 Stk 5 Type 1 CSIRS
codebooke 7|Eo 2 AA| Hukiby)l nF 7ke ulsk
of opdEs W AHESHA, LA we] 5 A
QbelutellA] 7+ akgs) M2 o} co-phases 318
st} AHH obdz W thed| AUSheR
W) g AAsklch Al @A A
2 el Type I CSIRS codebook?] codeword H
2 A5ee 2ol sz ahe o olF 714

o AHgAE A gaker] AHgShEs Al

K

]

S
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2.2.4 Reference signal
slolBe|= Wl xn)S- 93] 7t codeword ™ A5k

243l7] glalde ol $Iak RSS HEalFolob

o

e}, a8k oe] Qe AR wlel] 7 AL
Q.

AR S A A F U ARShe
AL WL Azle] Ay g vemaks g R 6
of ARgsly] olgel olE dllEs] $lsl ® 56
K-SimLink A|E#o]E]o| = WA F7|81E ¢l 4l
39} HR s 8 A% AsE AT u olE w
- WS AR 2 WS S
sl Ade FAIN Fe wle) A9 2 W
OCC(Orthogonal Cover Code)S o]&-8l7 L} Fa}4,
APRE o8 HFAA] s slef CSIRSE AE3H
gt o] w7 s} et co-phase ® W& T

N, of

sl CSIRSE sh= 21 nlEgHolrne &
AlEoTE] oA = CSIRS S A6 Alell 2 1) whadel
o8] g} ke 2 CSIRSE dFgsle] S=Al7]d
4] co-phase 2 7|dl=] &= AEaS A3 ol
g e ® 7} codeword ¥ AFS S5 W
-5 9]&F PMI(Precoding Matrix Indicator) S 7]#| =
o2 AFsEs AL

2.2.5 xd 3¢

Ad 792 5G NR #55 7[HES2 CRC(Cyclic
Redundancy Check) attachment, code block
segmentation, LDPC coding®} rate matching 55-©
2 AR glom, AT ol g A
o2 F3Ec) =3k BG 13} BG 25 2F A9
T 3eH, 9] I £ Zole} 3ol tisliA
Ad 79 0F Aes AT 7 I=FE 7=

o

mz# e
3.1 5G K-SimLinke| = ZAn}t Jeli=
5G K-SimLink®] 755 <1341, 3GPPell4] =3t
%l NR MIMO link level calibration %4158 7]4ke
2 73%& Al 71014 Phase 19] 715
S 2H F25G Ad 2HdlES A5 $g Alve

S Ve Aelsn Qa, ol E 29} Pl 2ok

E 2. Phase 1 7% AWl 7Hd %
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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5 ik s 7P el oigk Al Edolele] Avtem) 4
Al Az oAkl o] A ET 2hs metric & & 3}
of e} ofz] §Al JAlETe] A vaE T8 H5S
Alggsisick sl vlal Avke 27 3004 E1g 4=
3)ct. [8]9l4]+= Phase 298] SO &M, T2 3lo]|H
gl= Wlxzw), LDPC Ad 79 52 #5E 913 Aq
2] eo] o] Z 913k RS & 33} R} Azozks
vlol] gt 55 08-S A EH0|E]S] A metric 22
sto] e} 54l JAES] Ao} vlasisla ol 17
33} 2} a7 204 A A8z} 0dB o]
Ayolm] 25dB olsl]l gholl A ¥zl glom 17 3
o= Af AlsizkenlzE Axlel et £5 o&
o] zlolA= 7S Eeled = Qe 27 29} 302
E] 5G K-SimLink®] A|E#o]Ad A7} v 311
Az} v fAlE S F)lst ¢ glom, o]lZM=
5G K-SimLink®] %] Eel] &78ke A%t
2 vh2A] drke A E oz skl 4= glck

100
20
80
Samsun
70 9
Qualcomm
—_ o
) 80 Ericsson
- LGE
w50
a —Huawei
[t DOCOMO
20 Intel
—Nokia
20 56 K-SimLink |
10
o -
500 0.00 500 1000 1500 2000 2500 3000 3500
Receive SNR wi beamforming @ CDL-A&Beam Selection2 (dB))

2! 2. 5G K-SimLink 7% Z#|=Z (Phase 1 = #Y

)

Fig. 2. Calibration result of 5G K-SimLink (Phase 1 link
level calibration)

=0 —Samsung

—| GE
—Qualcomm
1602
~——Huawei
——Ericsson
—DOCOMO
Nokia

—-5G K-SimLink

1E03

BLER w/ beamforming

LE04

Transmission SNR @ CDL-A (dB)

% 3. 5G K-SimLink 7% 2= (Phase 2 &3 4

A
Fig. 3. Calibration result of 5G K-SimLink (Phase 2 link
level calibration)

606

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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