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ABSTRACT

In this paper, we introduce the main features and configuration of 5G K-Simulator, web-based integrated
platform for 5G K-Simulator, and describe design and implementation for linking platform GUI(Graphic User
Interface) design and internal simulators. 5G K-Simulator is open source to solve the waste of human and
material resources consumed in 5G simulator development. In addition, the 5G K-Simulator code is developed in
a modular fashion so that users can easily modify/expand the source codes according to their purpose. Simulation
can be more conveniently performed using a web-based integrated platform. The Web-based integration platform
provides a GUI interface for users who do not have coding knowledge or for light users. The GUI interface is
designed to work with real source code. The 5G K-Simulator is expected to facilitate the development and
verification of 5G technology and components in universities, research institutes, and industries, and it can be
used to develop vertical industry and application service technology related to 5G mobile communication.
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2.1 5G K-Simulator £2

5G K-Simulator(K-Sim)<- Link-level simulator
(LLS), System-level simulator (SLS), Network
simulator (NS)Z A %7 Z} simulator+ 2]2] A}
A7 =5 UEE
Flexible/Open/Modular (FOM)2%] 325 7|Hke2 g+
tt & 56 FAFHAAAEEE ATAlEedA = 2
LLS, SLS, NS°| AJ&#ele] wWAE  SimLink,
SimSys, SimNete|2} ®waloict. A& e]e{ ] Tzt
ql A&l FOMdl| sl Amshd o3 2ok
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(2) Open

56 olseAl ¥ fEbRAkd Al e
simulator 7ftel] wE 2AdB|E FolaAl, 5G
K-Sim< %7] 7l A RE] ‘Open’ 542 x|8ks}
of, /i RE AT} ool whE AREAF AT,
4 7k GUI= F52 REck 5G FAAA 2~
Tat ATAE] A& ek $719E A1)
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(3) Modular
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5G K-Sim3} =-9jol|x] 7=l e} Simulatord] X
I N EA )

TUW (Technische Universitit Wien)ell4] 7lek=
Vienna LTE(Long Term Evolution) Simulator™2] 7
5, FEE A AR ARSA) wladS Al ESA
uk, 4G LTE®] LLS, SLS9| Algkel mErke- A
t}. SLS2] 79~ Uplink(UL) 7%~ F-3lo] =%
3 Downlink(DL) 71559 Alg3sla glc). sl
F == MATLAB 7]HES 2 Alg-5]o] MATLABS- ©]
B3P %= o] 8AES ARge] Al = EAIRS )
A3z gJr}. NYU(Newyork University)ollA 7ltsl
NYUSIM'& 5G Channel modeld- 3GPP 3 -4
= 7IRke® piste] Algsiar oledl, LLS, SLS,
Nsel i AlEdlelelE: AlFeA] i slrh
LTE-SIM"-2  POLIBA (Polytechnic University of
Bari)oll4] C++7]8ke 2 A|2Hl Simulator 24 Vienna
LTE Simulator®} "4 2 4G LTERRS thilo=
gt} viR]ehe g MathworksAlellA]  Algslks 5G
Library™i= 7]32] LTE System Toolboxsl|4] ¢]g<]
7Vs3r 2F 420, LTE System ToolboxE "4
Tdsllof o]-&o] 753t ©HAe] glrt s4ARt 5G PHY
Layeroll &} Library2 7]%2] LTE LLS®l A 5-A]A
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E 1. €} Simulator2}2] B]aL
Table 1. Comparison between simulators

o] glrk 5G K-Sim- the oJele] Simulatore} wt
A E F-85 2 vl2% " 7} Level Simulatorel] 2=
ARgAL w5793} Platform S AlAkste] 2lgslar k.
chefgh AR AiAl 083 4+ =S EE Level
Simulator®] ¢lol& C++& 7|Hke 2 Jhr} w3l k%
o= Platformell Cloud Computing 7|53 X313},
RFaApEe] o8 W7ol oA ks W) 7}
2 AlEelele s 7l ook

2.1.2 Zt Level Simulator §&

zH AlEEelee] 7] AP S AR e
OS(Operating System)®} 52 7|9k 2 3l Qv} (£
2). SimLink®] 7-$- MATLABS 3 Al x
7] 5SS & & C++ = Elo|Bee|sE 4
#Jo]37, SimSys+ Visual studio 7|HEe] C++=Z =HA]
=9ir}. SimNeti= NS-3"12] wlejgh glojnaje) s o]
£317] 918l Linux 7]1bell4 GCCE F3l 7} =]
= C++2 AP Hgiek e AlEdolEl= C+ o]
gl olaiE 4 UwE JEE oolrt.

(1) SimLink

SimLink= 49241 = A}o]9] Linke] B4 A
EHo]ldsks Al EHOE R, & 5G K-SimelXE 4G
9} 5G] 41 A4 Links 7L dAloZ g} SimLink
oA Ad5S 78z A 3E 2= BLER(BLock Error
Rate) "= SNR(Signal to Noise Ratio) 5°| 912,

Linkel] channel coding, modulation, waveform <]

Characteristics
Simulator Source e Cloud Accessibility
Cost Platform X (download
Code Manual Computing X
/install)
Vienna LTE LTE simulator Open
Simulators (DL/UL LLS, DL (l\ﬁ ATLAB) Free O X X A
(TUW) SLS)
NYUSIM Open O X
A
(NYU) 5G channel model (MATLAB) Free (exe file) X
LTE-SIM . Open
S A AN
(POLIBA) LTE simulator (C+4) Free X X
5G Library
for LTE 5G PHY library Open 0
System + LTE LLS Charged O X X
Toolbox - 5G LLS (MATLAB) (web-based)
(MathWorks )
. Open O O
5G K-Sim. 5G LLS, SLS, NS (C++) Free O (web-based) O (web-based)
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B 2. 74 AEEelH AR
Table 2. Summary of information for SimLink, SimSys and
SimNet

SimLink SimSys SimNet
Deveé())gment Windows Windows Linux
DeV(.alopment MATLAB VS2015 GCC (C+4)
Environment (C++)
2D/3D graph,
o 2D h,
GUI 2D Z1@]= | Hexagonal NEV iraglo
dashboard POIOBY
Multi
connectivity
5G Core
entities
UpLink.
pLing, . SDN(Software
. DownLink, Single
Implementation . Defined
SU-SISO, simulator network)/NFV
SU-MIMO
(Network
Virtualization
Function)
Handover
'Platform Agent DLL Agent
interface Daemon Daemon

PHY (PHYsical) layer 545 W3}AA 7 o]zigh
x| W3E o534 Stk #A UpLinke}
DownLink7} F8=e] ¢lo LA R
SU-SISO(Single User-Single Input Single Output)<}
SU-MIMO(Single User-Multi Input Multi Output)”}
ello] == 5iek

(2) SimSys

SimSys®] 73-%-, multi-cell B73oll4] ¢I2] BS(Base
Station)¥} 2+ BS¢l| 43} UE(User Equipment) 55 &
T st M2 7k TS W 5 slok ol
gk 7H3-S g3 0 2 t}F7] $151¢] scheduling, radio
resource management®} 7> MAC(Medium Access
Control) layer®] 54do] Hled=|glon, AR TR =
SINR(Signal to Interference and Noise Ratio) 5]
elck ¥z eMBB(enhanced Mobile BroadBand) A1H]
27} F3Ee] ¢lon] URLLC(Ultra Reliable Low
Latency Communication) AJH]27} gJd]o]E ZFof| ]

o}

(3) SimNet

SimNet=> AA| application® packet T3=Z
end-to-end A% ¥A)(TCP(Transmission Control
Protocol)/UDP(User Datagram Protocol) throughput
2 delay)°] 7Fs3 AlE#HJE| 24, PHY(Physical),

MAC layeriite] opbd xRt} AR¢|el RLC(Radio
Link Control), PDCP(Packet Data Convergence
Protocol), RRC(Radio Resource Control) & <l&{4l
IP(Internet Protocol)E A|13lc}. wlebr| =1= UE

2} BS o]9o] eNB(evolved NodeB), gNB
(nextGeneration NodeB), MME(Mobility
Management Entity), P/S-GW (Packet data
network/Serving  GateWay)”} & = 9low,

AMF(Access and Mobility management Function),
UPF(User Plane SMEF(Sessiong
Management Function) 5] 5G core entity 5= 2018
Qs B 7 Foll otk 56 AldlellA= Al
Al =3]¥+= NR(New Radio) gNBE 213 UE k==
4G Al2Eld= v}2A Dual connectivity(DC)7}
|9d=ict o]elgt DCi= F4 & UES] o)5el wf
Y=o 5 zlasfof sprlultell, TRk A=

H 7]so] fdlelE = 3iek

Function),

fr o

N
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2.1.3 Web-based Unified Platform

5G K-Sim< SHolu} Zx=ef] #e] gl AREA}
7} 5G simulations <=3l 2 ¢ JEE < 7|Hke]
GUI ZIE2S AF’Tl (http://Sgopenplatform.org).
< 7aE FAEFS AA el sl Bl &
A AHgo] 7hssick 4 7uE SEES oot E
FRHES, 2l 2 AelA PR SimLink,
SimSys, SimNetE2} 9] T FEo = A8AE
w7 E17] S8k <lEjsl|o)~ AE g (2=D).
o] <lejdlo]~ AME T3l 7+ AlEHelelE2] ] GUI
o] wedo] Asis Az} o] o] FoixIril,

9 0 55 FEY 7152 DB(Data
base)E & = v} ¥ AsYE simulation®] ¥k
2 simulation®] %7] J¥3k3} 3 databaseol] A
) o] databases] AKX E B2 Aol|x] A& o]E]

. Interface Server
Simulator

cmMD cmMD
Connect, Start,
Alive Stop.
SLS Network Mar Web GUI
lSU(k fd l Packet
Simulator
i i =
Connection
Socket List Packet Buffer
lﬁa(kfd Packet
cMD
Alive
Command Scheduler Datab
Start,
stop
a8 1. Wl B EUEe) 7R
Fig. 1. Structure of Web-based Unified Platform
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o] HiE A
2] AF-A}7} simulation2-
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A3gke] DBell Al AAE =
FastRun 7]5°|2} &

FHA 2 B4 FEeE AHE S Alwel
ol 2} AlEHO[HE 218t TMHALS: 5o EA F
3 ZE 2 Az Be AMgAlE 48 5
NS W o} Zh ARgAFE A g A ]l ag-Eke)
23 IS AT 5 sick

u] AAEA] Eee} TAIAY 919
3ol kA = o <l
2913} simulation®l] T3k

71 slek ol

>
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2.1.4 AZ8ole] A 2lEjm|o|A

AgelolEl Tkt FRESES, 252 @ )
o 3ol Aol S8k webd <lEjso] s A
sle] QA Sls) FAE 2 <ol Abg S
SlolAlE 715 Alga), ARl Alad Q7]
& 29 13} 2or, Fapel) $1A1% QUelslel A7}
7} Algelelelse] VN 4% A we) U 9y
of A% AE el

dolAE  FPee A4

Z~FEelA  API
(Application Programming Interface) &&S 3l A}
4 7Fs§ DLL(Dynamic-Link Library) W43} =
A3iglel elZ 8%+ Agent demon® 2 FE-gt
% ek

AA 7155 $13F DLL ¥ Agentd] A% FAEE
a7 29} 2ow, DLLS 24 Z2AE L Fod
Ag-sllof = W Agent demon®] 7% #<jE

QE]To] 2 LS o] Lghrls Aol 7l 2 Ho] o]
o} QlEjdlo] 2 TR eEe FYF ATAS et
chefgh A AR ThsRE "HiE e
JSON(JavaScript Object NoTation) ®o|E] L A}

Simulator Server (DLL-type)

cMD
ISES Start, Param Web 715t
. ‘—., aprr| DLL eb 7t
Simulator SAVE \ o GUI

Result BN
o

Simulator Server (Agent-type)

RUN
. NS l simulaton Agent
Simulator Daemon

Start, Param

I/F Server
»  (Socket)

Result

READ

Resut I
e

% [ Result __3

Tep_ownd_uel. txt
Tcp_rtt_uel txt

ric_Tput_menb.txt DB

de_input.txt
Topology_input.tx
t

m_input

T2 2. DLL ¥ Agent 4] TA%
Fig. 2. Structure of DLL and Agent interface
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5 Ay} 5L bS5l xeo] FElE A==
712 2 simulation back-end 2]+ <kEXITh

2.1.5 ¥ 79t AAZE A EE

717 32 S] GUICIA] ARZEe R AlEH e A
2 Ryegsle Aa®l Fxoltk wx Monitor
Thread°ll4]+= HTMLS5(Hyper Text Markup Language
5) 7152l WebWorkerZ ©]-4-3}o] ul2}-e-c=oj] A
A7k R AlEHeA A3t 501 2=A]E Polling W
Ao 2 DBE Al=38kc}. %eF Monitor ThreadollA] #]
3%l DBell Wk (aksd A 54) S lxIsHA]
H, GUI 4 dloAlel|l= Ao R AlEde|Ad A&

g3,
WEB Pages
" Simulation Tllvr:i;ad . Polling
History Description Page L | Monitor | (4)ax)
Thread [« DB
(Web Worker)
Dashboard Push
| Parameter Input (Realtime Graph) | Data

8 3. AR ARE A7 1
Fig. 3. Processing structure of real-time dash board
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History ™ Finish ®A|A|7} A , 283 ZAI= previous
history 2 $74707 93 QAEA] Ashghe 2ol 5]
B p—— — ol skelal 2= it} 22 o]dl A|E¥o]Ad DBEL
i i Aol gAe] g At gle] o] ma

Previous History

Ns_DC

I3 4.
Fig. 4.

T —T— T
adgsiy senny TN 20160621 124040 20160621 12

— = WB0821 124840 2180621 12484
test Setting WIBOBI0 142377 WIB0I0 142377
1a0503_13 Setting WIBOS03IS IO 20180503 15 1011

sk
history and DB

History<} DB
Web-page for

SUSISO

goldk 4 ek
SimLink A]E#Ho]41

ol 7ol uet 19

Foldk 4 9lr} o471 ZAH

[

< A Solrb 2 AE
%2 block diagram=-

&8 SimLinke] %-E3}

FaE BAT 4 9low, wrp AT DI 7
blcok= TE2H 13 637} Zo| W8-S geld 4= itk
7Zh BEd 3 7|RkeR AP E o], el tigh A
o] #x sHo]xel] E3=|rh Next® WHES T2
7} sfeplel2 Qe 4 ol slolA)2 ol =

BS class

Feedback RS Resource Sync_ Bit Channel
reception allocation allocation generation generation coding
CFDM Power Data Modulation .
| generation |' | allocation |‘ mapping I‘—l mapping |¢—| Scrambling
A
I
. . | 5G Channel | :
Signaling Feedback
v 1
[ UE class | !
Channel OFDM 1 [ Channel | [ Data
| filtering |_'| Synchronization | demodulation | | estimation | | EXUSCUUH

Result |._| Decading |._|

HARQ
prc:ess

|q—| Descrambling |<—| Detection |

12l 5. SimLink®| Block diagram
Fig. 5. Block diagram of SimLink
= parameter_class
Parameter class
« Determine the number of siots and symbols per subframe, subcartisr spacing, bandwidth set and resource bluck set according to the numeralogy. That parameters are defined in
42 and 43 of TS 38211
« Parameters can bs organized as follows
1. Parameters for frame structure
Role Parameter name Default Optians Explanation
Frame structure mu a 0123 b
subcarrier_spacing 15 Calculated ((2*obj.mu) * 1523) Subcarier spacing
num_sc 12 fxed Nurnber of subcartiers in one resource block
nurn_syrnb 14 fixed Nurnber of OF DM symbals in ane slot
num_subframe init Any natural number Number of subframes
num_slat_in_subframe 1 Calculated (24(obj.muj) Number of slots in one subfiame
num_symb_in_subltame 14 Calculated (2+(obj mu)*14) Number of OF DI symbols in one subfiame
Ts 1156372048 Fixed Reference time unit (Ts)
size_f Fixed 40%
Fe 61440[kHz] Calculated (abi.size_fft * obj. subcarrier_spacing;) Sampling frequency
num_symb_in_slot 14 Fired Number of OF D symabls in one slot
2. Parameters for reference signal
Role Parameter name Default Options Explanation
Reference
pl num_port_DMRS 1 Calculated Number of DMRS antenna ports
num_port_CSIRS 1 Calculated Nurnber of CSIRS antenna ports
port_set_DMRS 1000 1000 ~ 1011 DMRS antenna port
port_set_CSIRS 3000 3000 ~ 3031 CSIRS antenna port
CSIRS _density 1 05.1.3 Density of CSIRS
CSIRS_COMType mocom "0 COMY FEDCJ]EW M, CDM type of CSIRS
v

2| 6. Parameter A2
Fig. 6. Explanation for parameters
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t}. =7 Initial, transmitter, Channel, Receiver® %
e e s 48T 5 sleH, A7) g A
AE)A] ererii 713 Defaultzh o2 Soi7| ok
(2" 7). AlEEel ] skuEH 9] 83} o] ti4]
R Aellx 2 ZE Fld 4 olvk 13 82 ¢
BLER 22 =7} SNRell w2} 7+ CQI(Channel Quality
Indicator) =2 %=A] Foiglck

SimSyst SimLinke} AR F2E 7RI
SimSys®] 7J-- eMBB2] indoor hotspot 52| ALz
£ Ago] 7hgstn] GUI Aoz 24kst 4= Q= 2t
vEE2E FlEe] T 9E Al 919, noise
figure 5ol ct ZH7he] ke AAEA| o=ty 7]
E Default 322 So17H Hrt Al EH|AS 5
sbH 18 83} 3Fo] 7} BS# UE2] SINR Fte] AAIZE
© = animation¥} =|o] F7]¥Ic].

SimNet®] 73-¢, =LA DCe} =%l sefele s A
Ash= do]#|ek SDN/NFVel =il sleinlel s A
A= o)A = TRk DCO 7%, xAE Al
2 slellA E=ig3t UES] 2iefE, A, X2 Linkel
gk Febrles ) Aeld dA7bssich SDN
(Software Defined Network)/NFV (Network Function
Virtualization)®] 739 Xr} 23zQl slejue] 44
< 93 = BulE drag & dropl 2 AR 7153l
o2 Hulgh ok 7F mse)] g AR xS F
23k § A8 ¢ glom o e Reo) e
| dfeprlelEe] AA rhedieth =3, A =5t
Link A= o] w575 &3) 714 7Fesbch. 11 9¢l
= SimNet] Ax}2#lZ 5 DC & 23} J:=Z5 &

okslolrt.  z+  Master(LTE) eNB2}  Secondary
=  LLS Parameter Input
Carrier frequency 4 GHz
mu o v
Bandwidth & bz M

Transmitter

The number of subframes | 15

CEIRS row 1 v

Channel
CSIRS density 3 v
CSIRS periodicity 5 M

Receiver
DL-DMRS-config-type | 1VPe1 v

FDSCH mapping type A v
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