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ABSTRACT

The 3GPP (3rd Generation Partnership Project) mobile communication standard has emerged as a leading
standard in the market over the past 20 years, driving continuous development in protocol stacks and libraries
that support the standard within simulation software for communication network research. We summarize and
analyze seven communication network simulators that support the 3GPP standard specifications related to core
network technologies. Through comparisons, we aim to offer valuable insights for researchers and engineers
engaged into research and development related to mobile communication networks based on 3GPP standards.

Our findings can provide assistance for making informed decisions on simulator selection.
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LTE-Sim[15] 2011 o|&&]oKltaly) H}2](Bari)
Zoll A NSt B SW LTE Y EQ A Al B o]
B2 DES FHE S23HH16]. 20109 v0.99 EA]
olaf, 2013 v5.02 B2 & 7fdto] 7 E| i},

2 OSE Linux ¥ Mac OSZ X QshH, Y& T
EEZEL C++E FEE o] 3lo], C++ XY IDE
1 73S Ex AoRARe glo] 27 &t o]
7Fsstet.

o] FolA F55 &= Bhet o], 4G H 5G+= A
HU5HA] %= LTE A AH 0| E31E Al=dolEH &,
OFDMA, AMC 59 7|97, UE, eNB 59 74
84 PHY, MAC, RLC, PDCP 59] IR EZ 2O
o] &% E-UTRANZ} MME, $-GW 4 P-GW=
MME/GWeh= @l #4342 B3loto] 1&g
EPCO] 522 HARITE

LTE-Sim2 A|ZSt U B L Qi 88 g
O3 A5 A3t O] APl T= 2 E7F A
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=71 S5k QhiA

[=do]E tiH] 4
E(Source Code)o]] ISt &5,
o] gojstal, g7 sweks ol

, LTE A|l&EE 54 ghg 02 o= 7id

Ct. NetSim

NetSim[17] 91%=9] TETCOS Aol Al 7Rkgt A}
& DES HEHZ A o8 & 20054 v1.00] &
AlE o], @A v13.37HA] EA == 5 AEARA o
H|o]EZ} o] Fo]A| AL It} AIZHAF -2 3091 7=
50007 7]l A NetSim©] Z-&5+= 072 A5t
1 9]},

AZAL S ST T4 HIERT Z2EEF 4|
A, HE A &, GUI 7]‘& AlZtet 9 24 75
AlE, 2/ 10,0007 =& R O] A|ARS HAFSH
L il-xug t9o z}zJ oz tﬂ/\]o 39 o]

52 OSE= Windows 8 OJAF0. & TA|E| o] Q1o
o, Y7 22 EZE2 CUoE FAH ] ek 5
ZHHEE 2 ©f¥ 7] A] Visual Studio[18]19] AMH-2 T
AlstaL Qlek

3GPP EETA-L GSM, LTE, LTE-Adv ¥ 5G
NRO] A L& HA|5tT QUth. CDMA. OFDMA,
AMC, HARQ, MIMO, Beamforming, mmWave 5
9] 7|4t7|<, UE, eNB, gNB 59| 484, PHY,
MAC, RLC, PDCP 59 Z2EE H-2o] H| 1.4
ZAISHA -8 E RANO] H]sfl, Foj= A7 FATE
2| Dst= Atglolth, IR [17]9] BAL B3
F747 3GPP FojqtA A AR o3 E

* 3G Zofo] thgt A ¥ A+ |l

14) v8 °]%j%= Visual Studio 2010, v10 ©]Zof+= 2015, v12
o]Zol& 2019 °]/4& ARE-flof it

* 4G 7019 4%, MME, S-GW, P-GWE &<
T8 AR HESHEPC AlF

* 5G F019] 9 Rel-15 7|8F2] AMF, SMF,
UPFE A&kl 7 4 8.4 7t QI Ho| A5
% N1, N2, N3, N4, N6, N11 2 XN ¢

NetSim- 7] 153t EXata Network Modeling TF
202 3GPP Fo| A Y $:F0] 7MY =L Aoz
FAEY, "Heet Azt 2 24 E8 1 (Plug-in),
=R AREAL QHUA E 10001 B9 AAIE A7
Th= FollA 28t 22 7 "old2 Ad A
o7 motEeh ®3E T 28 A Y (Professional) B X
TS et B, AZAE S04 AI/ML 7]& 4

v %

394 aaw ke
Mﬁmzugﬂﬂaﬂ o4 A 8 22

* Python 88 Z 21
« WZ ZYE Y SWQ Wireshark
« T23F A[EF0lH QI SUMO

NetSim< o} Fe| 9 (Academic), SEHTHE (Standard),
Z2HME A 7HA] 559 vlzwo] gloH, 5

o] ZolF&E A TELE 7% 9 Au|Al 282
7t 37kt 7MY 2 ERl ZEAMEY F¢-
191 AHgAL2] 47k ehol M H]go] 15ko] 2] o]

A9 Ao 2T,

2}. ns-3

ns-3[19]%= UC Berkeley AF5t2] LBNLOJA] 1995
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WEH 199737HA] 73k 370 SW DES Al&d[°]
B9l ns-12 A2 Z 3} 1997 ns-2 7o) A1z
H o], ohakgt 713, ¥l 9 @AEo] Zofsto,
BA HE A A7 f1gt 571 DES swel
S E&FH 07 A2 A "

20064 ns25 AHA O & A HAZ ns-32] 74
o] AJZHE| Q1AL 0] % ns-22} ns-37} W 7L E
Z5H7E, 20109 ©]F ns-37F Aol *F2t
St FEE FZ1H Q1 WA o] o] FojH Tk ns-3&
2008 v3.1 23 o], ujid 2~43]9] &2 QA I
Ho|ES AH, @A) v3.400] vl =3 QlTt,

ns-3= AREAL R 7|0 RS0l AF240 & Zofst
= AFYE(Community)E HFF O 2 7|5 7iA &
F7Hdo] &stA A &E A 9lom, AEst
SN SWHERZ AlEHCIH 5 7H &2 759
T FSAEE AlSoh= Ao = A A UrH20l.

ns-3 ST AR S SRS ] S B
E 7|¥HModular) T2 & HA =G OH, 2L T2
EZO F7PHE ¢ Zjto] golsitt. &4k QH
A, A A7 AlS =, AlZs 9 Z242 f't 4
ST 24 B3 AR ARUEE &
3 TR AEE G5 5 Urks HolA 43T
F0 T WS Ad Ao Alm )

Linux ¥ Mac OSAoA 54FstH, Al&do]
AA W Z2EZL C++2 JLASHE, AL Y
T 74 B AHE 2= Pythond ARE-SHO] HAIRE
o}, IDEE+= Eclipse[21], NetBeans[22] ¥ Qt Cre-
ator[23]9] AM8-& EAFoEAL QlTH24].

3GPP 142 LTE € 5G NRO| XU A
StaL Uk LTEx= 7|2 &4 2to] B 2 gjof 23ty
of Jlom[25], F7F HX| 7FeRt &2 1Rl FolH
2] Q1 5SG-LENA[26]E B3l Rel-15 74 7|52
5G-NRZ A 43ttt RAN 9o A= OFDMA,
HARQ, AMC, MIMO, mmWave, Beamforming -

2o
>
o

rr

0

-

¢

ool oy

9] 71¥}7]<, RRC, PDCP, RLC, MAC, PHY 59]
L2 EEF 9 UE, gNB 59 48 47HJAISH +
A= o] A= Aol Blsf, Fof= EPC7HAITE 2|5t
= /dEieltt.
* 3G To] ¥ 5G o] A AF =
* 4G F019] 39, MME, S-GW, P-GWE A&
ot T 7 AES YIS UP, CP Z2EZ Y
S1, S1-U, S11, S5, SGi QIE]#|o] A 2|

* Ethernet TJHo| A E8}0]|H(Device Driver) 9%
2 91 NetmapNetDevice

* DPDK 52 918+ DpdkNetDevice

+ ¥4 S AE(Remote Host) 2] A5 913t Tap-

Bridge NetDevice

Of. OMNeT++

OMNeT++[28]2 1997\ &7}2](Hungary) F-t}
H| 2 E (Budapest) 7] &7 Aol Al A 71 371
SW DES AlEH]E| &, 2003 5-E OpenSim AH]]
A A&H 02 Jelo|ES MPstL 9lom, P dx)
v6.0.27HA] TR =] A TH29].

ALHEL OMNeT++9] EAS FA4Y 1 E
3}, FEZ I E(Component) 7|8F2] C++ Al & o] A
glo|B 2|2 A5kl 2™, OpenSim &0 4]
Ed 0|4 A Kemel), GUI ¥ FE2IE] 5 7
F, SHA 2 AFA Aol A OMNeT++ lollA &

P e 58 =]l FolBEEE e 2=

A

A

[}

Do
sk

15) OMNeT++2 APLE W2& F7] SWolu OpenSim Af
o= olE At 48 AlEdolElQl OMNESTI29]E
sk Qlct.
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AE g FAsks FH= TEIL v S Al
ojf M7} 3§ =H|Ql 2ho| B 7t FH40]
o, TRt YoM B8 7hssith= A2 4T
StAHo g B4 it

AR e [28]°] SFE 38§ =HI SolB
2= 14097 7ol E5hH, tj#2]Q1 S| HeE =
TCP/IP ZE2EF H-Z0] FHE INET Framework,
3GPP o] +AH SimulTE ¥ Simu5G, P2P U &
A o A AR ATE 917 OverSim, 54 A7
ATE AT Veins L Artery 5= & 5 UL

OMNeT++2 Windows, Linux ¥ Mac OSA©]l
A B A, AlEdo]d X B TR EES
CH+= F5ts, oS At 4 74 2 AUl
L 2 A3t AT Y E(Seript) 910191 NEDE A
8-35}o] PA|SIT} IDEZE Eclipse[21]19] ARS-S A
Zgskal Qlot.

3GPP EF142 GSM, Simul.TE ¥ Simu5G &5
9] 3-& =HQl gojH oA A U5k, OFD-
MA, AMC, HARQ, MIMO, CA 59| 7|5t7] <%,
UE, eNB, gNB 52| +484, PHY, MAC, RLC,
PDCP 59 T2 EF HL8o] Lg% RANO]| H]
5l Zoli= A9 A YA b= Aol FaEd
[30,3119] ¥4 &3l 47t 3GPP Zoj+F4 A
AR o2 A

* 3G % 4G Fojo] High A A =

* 5G F019] 4% UPFE 7HERt e

fu

A&

OMNeT++-2 ns-38} UFRIZFX &2 3GPP &1
ZZ RAN 958 T A0 Holm, F53F A
A} QP A, At 2 E 9 1409 7lof Bt
& Q] Z2AETE ZA = FHollA %
29 M HogS Ad A2 detE
& =Y ol BT E 3 2 &2

57l 28T 5 U

¢

a3

oo

-
.
2~

fa

o

I
Joorg ek

2

* Python 8-& A&(32]

* SUMO -5 (33]

*« AI/ML 9-5[34]

* AR Be] As o & o] A[35]

Ht. OpenAirinterface

OpenAirlnterface[361= 371 % 3GPP 5541
Z2EF AH SWZ 20009 Z3A EURECOM
of| 4] 7Rto] Al&tE| o], 2014 A HE ¥ F ] AU
OSA(OAI Software Alliance)?] FE 2 7fjgo] o]Fo]
A1 AL Sl

AU stA LA, OpenAirlnterfacer= A& O] E
7Fobd AR B FAS AT SW 7|&of &5HA]
9k EiojA = oo EAES g sto] AlEE
gl 7]& F9 shut=E 275k

* NFV 7|9ke] 7H33t Y EQIA R fLEE] o], A]

Y olE e}t AR 54 7hs
+ SW 7] R0 AlEd o] /=g ol FEH

E X

)

OpenAirlnterface= RAN, 0], OAM € CI/CD
9 47} Y& Gt oHt ZEHESR FAH
o} 7t TRAELE 4G ¥ 5G 22H9] 8L A5 A
B I 2 A E (Sub-projec) E 2 THA| Al sttt @A
4G F0]=v1.2.0, 5G FOJ= v1.5.17HA] A1 A
gjojct.

52} OSE Linuxs HA|oAL QloH, i =2
EZS2 C/CH+E FdE o] Qlth. COTS Ao
A AAshe AL 22, VM ¥ AglolY FEH=
SEE oA AFste Ak 7HssH, olE
At E43 AREAL P A 7 Al B =] 2 L

3GPP E£FF24L2 LTE, LTE-Adv ¥ 5G A9
A5k Qo™ 3GPP FolF2 A YPPFL thS
3t Zh37,38].

riok
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* 3G o] A9 AF Q=

* 4G F019] 72 MME, HSS, SPGW(S-GW +
P-GW) A

* 5G 30]9] -9~ AMF, SMF, UPF, NRF, AUSF,
UDM, UDR, NSSF, NEF, PCF9] 107]] NF #|
A38]

OpenAirlnterfacer= 7] AF3H 371 Al EH0lH
] 4G/5G Fo] 7& :rL?_ 0] 7P AT A
O 2 goEw, Qo LAHE AR Y EHT, AlE

golE = 5-& iilﬂﬂ A5
# 2, OpenAirlnterface 5G 54_01% A& gNB[39,40]
4 Z7H RAN o EH| 0| €| [41-43]¢} 90| o] Fo
2|k Sl

OSA9] ¥ stof] AA A1 FAH47} o] &
A1 Q= A FAHAQ Q4R WekELh OSAE
OpenAirlnterface®] @A 74 4% 4 FF AL
ZEM(Roadmap) & A|AISFIL 1o, 5G Fo]<]

92024 AHEE7]1 744 NWDAF, UDSF 37} 9
FOJHEYA 75 HHE APl = ZHE AA]

sk e,

AL Riverbed Modeler

Riverbed Modeler[44]%= 19873 EAH A& DES
Y EY T Al EHC]EQl OPNET Modeler[45]5 7]
o2 3t} 20121 Riverbed A7} OPNET AR
Q1431 A Riverbed Modeler2 0] HAE ]2
™, A v18.107FA] ZA]H Aol

Riverbed Modeler= GUI S0 A k=&, &=, A
Byl 508 F4H EEZAE YAok= HEHA
T4 SAEQ EA(I: dE oA FF, 72 U A
)2 YAoks et 2d B T2 EES YAt
= ZZ2A| A (Process) @S =24 SK(Schematic) 7| 5&
&9l 25t FHZE IHHESHA AlEF o] A& F

X393 M2z 2024\4 48

A 4o, TREE 54 3 F7PNES 't
C/C++ 2139 2ol Baf2| e A&l 3

Linux ¥ Windows’dollA] 525k, 71718 2
Aol A& AHA| IDE, AlZ3t 22 E 9 qt
WAE Al5etct. ESE, Riverbed AROflA] Sl A A]
EdolE &8 it 28 ALG S A=A
o] 7l ol SHofA FHA Q4T AZE

3GPP EFETE-L UMTS(Rel-99, Rel-4 9 Rel-5)
9 [ TERel-8 @ Rel-9)E A Y31T}46]. To)F2 A
HHAZLS oh33 A

* 3G T0]= GGSN 2 SGSN A

* 4G Fo]= MME, $-GW, P-GW 7|52 X ¥

SH=EPC L& 2 g Al

* 5G Zoj A A= =

i AFY SHAE, AT B 38 ZE
IS Aoy} dsstr] fe A H o2

SITL 25 (Module)S A|l-&3}1 ATt

Riverbed Modeler= HFEA] I 3HE] ofof 31 W4
HEY A o 2 27} 71535} ol E-2(Add-on)
E& 1A=o] 9t} AR Riverbed ModelerAol 4]
TAE 3GPP T 7|&E BT EE5H] AsiA=
191 ARgA}FO] o+ gto] A A H]go] 307te] & o]
FoE FAHh
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H 1 3GPP 20| HEL3 AIZHOIE| H|w

2fojEag] | JHuHE 3GPP 20| &1 XY JHE ol ®MS QIS ASY XA 37H o X HI
+ 3G GGSN, HLR, SSGN & VLR X2 | QHLiA, API AUAPITIREQR
=3
o owaog “AGEMME S-GW3P-GWXE | 2,0l nelgas Ky, | oo o, (LS
Modeli et xja | 5O= AUSE, AMF, SMF, UDM, UPFe| | RE2|Z(Tutorial) | HW &F I3t A9H JS“D Ol 25
oaeling = = 57H NF X'% E—JAP—.”EI‘E—? ]IHEg‘l Xl% S To
V6.0 | +3G/5G XIg 913 oS o
) OHLIA], OI|% ) =y
TE-Sim | (2013.04) - 4G MME, GW 7158 Bresft v/ 20t T el g S SENY
HEEE | GWEE XY s v
- 3G Xl o1F e
viss |, 4GE| MME. S-ow P-Gwa craisist ZUAL APLEAL | Python, MATLAB, | 48 SW 191
NetSim (2023.02) Q0! EPC ’X|°J ’ = oH|, BEE2|Y 2 | Wireshark & 710,000
HE | 4921 = It o= X|& INEY<|
e X2 - BGL AMF. SMF. UPF X124 Azt = SUMO ¢is X[ UsD ol =3
lo) =
s a0 | 36/56 xiH 91F g1 WM as 270 SWGNU
et xja | 4GS MME, S-GW & P-GW X2 wé&; == olgdold X GPLv2)
Python, SUMO
’ ! 37 7|2
v6.0.2 - 3G/4G X|2 91 912 OHLHAM, API 2A, | TensorFlow, Keras Egﬂ;\é\(ﬁlg
OMNeT++ | (2023.10) | - 'y, ;EZI'PTEPF X2 ojH, FE2/¥ ¥ | % OpenAl Gym ¢ **;Hl; 3%
M X = EEE AT = NEIE SRR AN Y s | SS =Y
OMNEST Ze
olE20|M X =
+ 3G X|¥ o Qi3
 AGE - al p- x|
Open | vI51 T AGENWEHES SOWEPOW IE otipu, APl 2al, | Aigeio 2 M Y | B2H SW(OA
Air (2023.05) | +5GE AMF, SMF, UPF, NRF, AUSF, | o'l Co 30 oz graaio 58 | Licenss vl 1)
Interface | 7§ X|& | UDM, UDR, NSSF, NEF, PCF2| 1074 =m=c= | 0S HEHIa AT .
NF X!
- 3G= GGSN, SGSN x| . A2 SW 1
’ _ | OHYA =)
Riverbed (ngfz-‘(%) - 4G= MME, S-GW, P-GWS Tolatst Oﬂxﬂ L;F;m b an ey e ol QAR Al
Modeler | 5oy 2401 EPC X/ R | L N R 300,000 USD
=TT -GS e K ol =3

D2AE djito] FET A Xata(QualNet)  A|F5}7] Y3t oj = 2 2|11 gfo|H ] 7
U Nessimo] et A1eio] 2 4 9lrk. o] M4 0.5 o]2o|A 3L Yk, Thl, th5E] A
DES4)A RANS] 4% £-40] 5 o], Beflo|eol Al RANG] 1]3) S1o]o] HAl72 i
n2AE oito] FEIA e AL ns-3th  E7h 02IE PAS Rol 1 grh. ol Tojrrhs
OMNeT++o] 233t Algjo] & 4 gict. RAN o)A 34l 7142 43508 £ 9 7

1=l
« A4 o] A% W OBl ] AL F
A

S = AIAY] Aol BigH Ao =2 &4 ATt
o, ZFAE ofjito] FEGFA] B2 7%, Open E0JA% 3GPP F0]9] FZ W BT A
Airlnterface”} 2 ggE Aol & 4= it Lo A5, 3GPP Zoj7t F+RH A E
HEHA Aol ES A7/ Z2H EQLo]
V.3E A3 oA 2ok I BT Folzl 2
3y
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AOIES0] 0715 SHYQ &5 HLS Flot ZREE HEtS
—
yu—

=t
EHel ARH E= SHY AI2HNM S X

w2} SAeHs U TYQASO| TS XYY U AS
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0x

Bjol=iaiz) RE D2 &Y Al 02 HYE0] BE 9
8l D273 DESS D0kES Hal WHKoE S| Yt
JE5HE AP 2 QHINE RIZ

AN ZEE EE SN AR
o SAIZ HIOE 4418 93t SN YE2
o AS

DIOIZZMHIA AT B9 7|58 TS HE 2 40| 7t
API MH|A SEjZ T35 ATEQI0 BES 7122, 31 2
52 XRFI0] ILIol YYT FES DTS XD AR, O
| DO|TRZAHIAS ZBB0] ot AIAHS PA5H= oY
WAIZ Ofo| T2 AHIA O |ERZ X3

lo

il
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Q459 Y5HES 53
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o
=
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e
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o
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=
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=
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u
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4G 4th Generation

5G 5th Generation

Al Artificial Intelligence

AKA Authentication and Key Management

AMC
AMF

AnLF
APL
ARQ
AuC
AUSF
BTS
CA
CDMA
CN
COTS
CP

CS
CSCF
CS-MGW
CUPS
DES
DPDK
EIR
eMBB
eNB
EPC
E-UTRAN
FDMA
FMC
GMSC
gNB
GPRS
GSM
GTP
GTP-C
GTP-U
GUI
GW
GW-C
GW-U
HARQ
HLR

Adaptive Modulation and Coding
Access and Mobility Management
Function

Analytics Logical Function
Academic Public License
Automatic Repeat Request
Authentication Center
Authentication Server Function
Base Transceiver Station

Carrier Aggregation

Code Division Multiple Access
Core Network

Commercial Off-the-Shelf
Control Plane

Client-Server

Call State Control Function
Circuit-Switched Media GW
Control and User Plane Separation
Discrete Event Simulation

Data Plane Development Kit
Equipment Identity Register
Enhanced MBB

Evolved NB

Evolved Packet Core

Evolved UTRAN

Frequency Division Multiple Access
Fixed Mobile Convergence
Gateway MSC

Next Generation NB

General Packet Radio Service
Global System for Mobile Communications
GPRS Tunneling Protocol

GTP Control Plane

GTP User Plane

Graphical User Interface

Gateway

GW Control Plane

GW User Plane

Hybrid ARQ

Home Location Register



HSDPA
HSPA
HSS
HSUPA
I-CSCF
IDE
IMS
IMT
IoT

P
IPTV
ITU
ITU-R
KPI
LAN
LBNL
LTE
LTE-Adv
MAC
MBMS
MBB
MEC
MIMO
MIloT
ML
MME
mmWave
mMTC
MSC
MTLF
NAS
NB
NED
NEF
NF
NFV
NPN
NR
NRF
NSSF
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High-Speed Downlink Packet Access
High-Speed Packet Access

Home Subscriber Server

High-Speed Uplink Packet Access
Interrogating CSCF

Integrated Development Environment
IP Multimedia CN Subsystem
International Mobile Telecommunications
Internet of Thing

Internet Protocol

IP Television

International Telecommunication Union
ITU Radiocommunication Sector
Key Performance Indicator

Local Area Network

Lawrence Berkeley National Laboratory
Long-Term Evolution
LTE-Advanced

Medium Access Control

Multi-media Broadcast Multicast Service
Mobile Broadband

Multi-access Edge Computing
Multi-Input-Multi-Output

Massive IoT

Machine Learning

Mobility Management Entity
millimeter Wave

massive Machine Type Communication
Mobile Switching Center

Model Training logical function
Non-Access Stratum

Node BTS

Network Description

Network Exposure Function

Network Function

NF Virtualization

Non-Public Network

New Radio

Network Repository Function

Network Slice Selection Function

NWDAF

Network Data Analytics Function
OpenAirlnterface

Operation, Administration, Maintenance
Orthogonal FDMA

Open Service Access

Peer-to-Peer

Policy Control and Enforcement Function
Policy Control Function

Policy Control and Rule Function
Packet Data Convergence Protocol
Packet Data Network

Protocol Data Unit

Physical Layer

PTT over Cellular

Protocol Reference Model

Public Switched Telephone Network
Push-To-Talk

Proxy CSCF

PDN GW

Quality-of-Service

Radio Access Network

Release

Radio Link Control

Realtime Transport Protocol
Round Trip Time

Service-based Architecture

Service Communication Proxy
Software Defined Network
Serving GPRS Support Node
Session Initiation Protocol
System-In-The-Loop

Session Management Function
Simulation of Urban Mobility
Software Virtual Network

Serving CSCF

Serving GW

Transport Control Protocol
Unified Data Management
Unified Data Repository

Unstructured Data Storage Function
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UE User Equipment
UMTS Universal Mobile Telecommunication
System

UP User Plane

UPF User Plane Function

URLLC Ultra-Reliable and Low Latency

Communication

USD United State Dollar

UTRAN UMTS Terrestrial RAN

V2X Vehicle-to-X

VLR Visitor Location Register

VM Virtual Machine

VoL TE Voice over I'TE

WCDMA  Wide-band Code Division Multiple Access

WLAN Wireless LAN
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