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Research Background

Communications systems and technologies compete to improve the services provided to
the end user. The fourth generation (4G) systems standards were released, which rely
increasingly on packets and provide access to a wide range of communications services, in
addition to supporting low to high mobility applications and a wide range of data rates,
according to the service requirements in a multi-user environment. One of the most
important areas influencing the formation and delivery of these services is the emergence
of the Internet of Things (1oT), under which a billion devices are expected to connect to
the Internet. These devices will exchange information and provide services. Therefore, new
communications technologies had to be created to enable and support 10T applications. 5G
systems appeared as a smarter technology that connects the entire world and provides

services that suit the increasing requirements of users.

The 3rd Generation Partnership Project (3GPP) adopted two types of 5G networks to be
endorsed by Mobile networks operators; which one Non-Standalone (NSA) and Standalone

(SA) deployments.

The research presents a comparison between a Non-standalone-New Radio (NSA-NR) fifth
generation network and a Standalone -New Radio (SA-NR) fifth generation network as
Radio Access Network (RAN).

We chose four performance metrics which are total data rate, connected clients ratio,
coverage ratio, and block ratio [7]. The simulation was conducted using VS Code software

and Python programming language.

In the Standalone network model, we adopted the slicing technique and studies the four

use cases which are: Enhanced Mobile Broadband (eMBB), Ultra Reliable Low Latency
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Communications (URLLC), and Dense Type Communications. Massive Machine Type

Communications (mMTC).

Research Objective

The research aim is performance comparison between Non-standalone and Standalone 5G

networks.
Resources and Methods

The analytical approach was adopted in simulating two 5G networks scenarios which are:
standalone and non-standalone; then we use the experimental approach was followed in
evaluating the performance of these two networks according to standard specifications; for

several performance metrics.

We used Visual Studio Code version 1.79.2 and Python version 3.11.5 installed on an HP
proBook 4540s computer with the following specifications: Intel(R) Core i5-3210M CPU
@ 2.50GHZ, 4GB of installed RAM, and Windows 8.1 as operating system.

Practical Results

The research results showed the superiority of fifth generation standalone networks over
fifth generation non-standalone communications networks regarding reducing required
bandwidth and improving coverage as a result of the increased capacity of the network to

serve users by controlling the allocated bandwidth based on the required service.
Conclusions from the researcher's point of view

The Standalone network outperformed the non-Standalone counterpart by achieving the
largest number of connected users, and thus the coverage rate in the Standalone networks
became greater than that of the non-standalone networks. In addition, it consumed less
bandwidth compared to traditional networks for the same number of users by the use of

slicing technique, which allowed the allocation of slices with different features and
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characteristics; thus reducing the required total bandwidth and providing services of greater
quality.

Keywords

5G network - 5G standalone network - 5G non-standalone network - network slicing -
Enhanced Mobile Broadband - Ultra Reliable Low Latency Communications - Massive

Machine Type Communications.
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19 (960,625), 464 )
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J3aa 5 i by a3l Cllanall e Gl ¢lail 3 o (gas 3Kl 51 (3-3) Jsaall 8 Bl
g ad) dalud) o cllaadl ¢35 S miagd yl Caly cilfilaaly dhase (< padade Sllaes
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Mobility Pattern 4:$all 7 3gai 2-1-4-3

Adlpial) L) clagyoill Ty ciladall Giny s @ 5 A z3 (4-3) Jsaall mlagh LS

Glaysill Ao Joanll Kuke oo daals o Zald) Auball alde) 25 25 Auhal) dihic (s 53ga gl

J21] aalasy)

[21] sy Alal) e 3l b ASall 73l (4-3) Jsanl

Name Distribution Parameters

Car Normal Dist. Nu=0,0=7)
Walk Random Integer Min= 0, max=7
Stationary Normal Dist. N(u=0,0=0.1)
Slack Person Random Integer Min=0, max=1
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[21] ey Rl ey Loty Alall Gualdll il Ko 3 (ppasiiondl 555 (5-3) Jpasd

Name Distribution Parameters
X Random Integer Min= 0, max= 1980
Y Random Integer Min= 0, max= 1980

Ly A e AN pliaw Allay ) Lhad) (2-3) J<A s

l Define base station (Coverage, capacity_BW) I
1

v
l Define Clients randomly (X, ¥, Mobility_Pattern, Usage_Freq) I
| Define a new Client to a near base station I
P
-y
.——"”#——\—-\
_—”——,_f \——‘\__
= Does the requested T
No ——_ 7 & 2 Yes
‘ —— amount available in BS? = ‘
\_“-. - ——
Assign to closest base station x\‘--\__---“"’— Starts count the amount of consumption,
then re-check the amount make his status as connected

Increase request numbers, connected

users, and connected time’s counters

-

N

/ 2, \\\

The amount of \\
No < consumption exceed >
‘ the max-BW or not? /

\\\ /

Still connects ~
Yes

| Release the resources |
t End

[19] Ll ls s Al gojbiond ) Jaladal) (2-3) <l
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Coverage Ratio

1.00 4 1.00 4
0.75 1 0.75
0.50 4 0.50
0.25 1 0.25 1
0.00 : , . . 0.00
5 20 40 60 80 96
time(Sec)
Block ratio
0.050 4
E 8 Gbps
0.025 4 6 Gbps
0.000 4 Gbps A
-0.025 4 2 Gbps
0.050 : : : : 0 bps 1
5 20 40 a0 80 96
time({Sec)

Agle d}uaaj\ 5N L_.f.m ) enlea (‘;:ﬁjnu}'m

Connected Clients Ratio

5 20 40 60 80 96
time({Sec)

Total Data Rate

IV MAAAV A v/
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time{Sec)
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[l ] oy 2l e A<l 3 100 (ssbon Cpendine 230 Jaf (e elY) Ganlie af Javia (6-3) Jsaal

Initial number of clients 100
Average connected client 0.97

Total Data Rate 7.046 Gbps
Average coverage ratio 0.97
Average block ratio 0.0000

Creaiinall apan Ly A<eal 030 ks 100 peasiiose 230 Aoy Al 5 (6-3) U saally (4-3) JS& miasy

By 97% Ja pobeaiall (pariiadl dae Jaugia qlg ¢ jhall Ayglue il Caall Zus a8 97% Aoy
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Coverage Ratio Connected Clients Ratio
0.75 0.75
0.50 0.50
0.25 A 0.25
0.00 - S L . : 0.00 - i = = -
5 20 40 60 80 96 5 20 40 60 80 96
time{Sec) time(Sec)
Block ratio Total Data Rate
0.040 4 40 Gbps |
R e U A W o R T VA ¥
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0.000 + 8 L : : 0 bps 1 - - - .
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[Cnlll] Lol Al e A<l 8 500 (glow Cpendione 230 dal o el Gaulie ad L gia (7-3) Jsaad)

Initial number of clients 500
Average connected client 0.92

Total Data Rate 33.549 Gbps
Average coverage ratio 0.94
Averapge block ratio 0.0158

220 50L) G 94% Ay Gresdieall Jaas sl A<l G (7-3) saalls (6-3) <A (e gt
Apae ) llaadl Gy & BLEs) Gisan ) (535 8 (53 sl agefs Aaade e Al 8 (rediinaal
pre Jla b Cenall Lu 5abys Audaaill 350 zl8 padiad) de ) (535 Lae L) Auanadiall 3))sall i 5 (e
Oediinnall dans Ciaseal Addazill Al T gy chandover Akl e ¢aaat Gus 3y5las acld Aasa d9a
:33.549 Gbps I cildasall Jaee glig (1.58% dad ) Ginall Gass Candiyl cpm (39206 Gadagayall
1000 retdice 330 Jal (o Wl Aaill) b Al gujliaw (B BlSlaal) guilis-

1000 (se2aise 220 Alay S piall gumsaill (7-3) JSal eaash
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(8-3) Usaall elaiy .1000 (s5buw (peddiina 22c Alay (il ANV oo anlie a3 (8-3) <l i

Agle d}uaaj\ 5N L_.f.m ) enlea (‘;:ﬁjnu}'m

Connected Clients Ratio

Coverage Ratio

0.8

OA -4

A 0.6
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0.4

0.4
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0.2

o ' ' : : N P ' '

5 20 40 60 80 a5 0 0 60 80 a6
time{Sec) time({Sec)
Block ratio Total Data Rate

60 Gbps L\[WWWM-——'\/%M
0.200
MW\‘ Nl
0.100
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0.000 4 . = = . 0 bps . ; ; :
5 20 40 60 80 a6 5 20 40 60 80 96
time({Sec) time{Sec)

[Eaald] Ly Aaldl e ASatl) 3 1000 (gl (rariions 232 Jal G Gaill A3 611 Ganlia i3 (8-3) J<al

[Caldl ] Ll Al e A<l (3 1000 (gslos Operdivne 230 Jal (g o2V Ganlie 4 Jas e (8-3) Jsaad)

Initial number of clients 1000
Average connected client 0.83

Total Data Rate 60.326 Gbps
Average coverage ratio 0935
Average block ratio 0.1067

a0al) 53l e Lgiudat Cacaddi) 1000 (ediiis e Allay 4<usl) (5 (8-3) Jsaall s (8-3) J<uall lady Jaadl)
ol g Ty il cabaiall cpaadiionall G by 93%6 A 4S8 3lge (Ao callall 5alsy Nl
G Cpeadiiall i e lginall SN Slbaaall J3ae alis 10.87% Gl cani)) aall danss 83%

.60.326 Ghps 25aa AKE (G geading
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1500 Cpadiians 2 Jal e Lol Ll 8 ASudl) g )l @ SlSlaal) gilii-

1500 (erdin 2o Allay Jpdell gumsail (9-3) JS&N peaash

i
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o

1750 m

1500 m

1250 m

1000 ™

750 m

S500 vy

250 m

[Cald] 1500 (golbon Gperions sae Jal (e Ll A e A8 8 Gueldl) Jial) 353 86 (9-3) J<al

(9-3) Usaall 5lihs 1500 (S5l (ppariione 33 Allay il ANy 1) alie 53 (10-8) IS (i
L@-}k— d}m;“ 3TN ‘:;3‘ 1Y) anlia a:é‘kujle

Coverage Ratio Connected Clients Ratio
0.8 4 0.6 A
vl 0.4 -
0.4
0.2
02
0.0 0.0 - - - .
5 20 40 60 80 a6 = 20 40 60 80 96
time{Sec) time{Sec)
r TJotal Data Rate
_Block ratio 100 Gbps -
75 Gbps \/\,—MM/\.IV\,MN\.W
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25 Gbps
0.000 4 . . " . 0 bps - - - -
5 20 40 60 80 96 S 20 40 60 80 96
tume(Sec) time(Sec)

A e A<l 31500 (sl Opertiae 230 dal e ol ANV ¢l Gunlie s (10-3) ISl
[Sa Ll
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[Caldl] L)y Al ye 3K 3 1500 (ssbon cneddivne 330 Jal (e eldY) Ganlie ad Javgia (9-3) Jsaal

Initial number of clients 1500
Average connected client 0.70

Total Data Rate 79.156 Gbps
Average coverage ratio 0.852
Average block ratio 0.1542

1500 pediosall 22e ol Lodie 8590 A iy Aull dydaxs O (9-3) Jsandls (10-3) UKl (g Laadls
15.4% 3ai) Candi ) (ppediivsall (iady Ao on (A 70% aal] Lo Tad g cozadin) cpleaiall Cprendiisal) A

.79.156 Gbps a5 2Kl (jgariion () (paxiiaad) i (e Alginsall I clidarall Janag
2000 ¢paddive 36 Jal o Ll Ladldl) e AAN golisw B B LSLaal) il

L7250 v
1B00 v
12850
1000

790wy =gy
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o m

[Caldl] 2000 (oo (perdions 332 Jal (e L3l A e A8 6 Gueldl) Jial) A58 86 (11-3) J<al)

(10-3) Jsaall jeliis 2000 (s5bon aadiine 230 Allay a3l Ay el unlia 55 (12-3) I i
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Connected Clients Ratio

Coverage Ratio
0.8 0.6 -
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5 20 40 60 80 96 5 20 40 60 80 96
time(Sec) time{Sec)
Block ratio Total Data Rate
0.300 4 e
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0.200 <WWW
0.100 - 50 Gbps
0.000 . . . . 0 bps N i y Y .
S 20 4 60 80 9% 5 20 40 60 80 9
time({Sec) time(Sec)

Ll Al e 3Kl 6 2000 (sl Cpaddive e dal e el AN oY) Gulie i (12-3) J<al)
[Call]

[Caldl] Ll Al ye 3K L3 2000 (ssbon (et 23e Jal (e el) Gaulie o Javsia (10-3) Jsaall

Initial number of clients 2000
Average connected client 0.63

Total Data Rate 98.077 Gbyps
Average coverage ratio 0.808
Average block ratio 0.178

Ala b deail el a3 53l e paliddy) Jual s A<l dudazs &1 (10-3) Jsaalls (12-3) IS8 jelay
Coaall s o (8 63%0 el Lol Uiy o) aliatiall (ppardiveall A5 8096 daidll Y] pxdis 2000
Agan Al (peadinn Gl (peadiuall U8 (e lgiall S cilbdanall Jares 17.82% ded ) canii)|

.98.077 Gbps
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12500 ¢paddiva 330 Jal o Lgilh Laldl) b AN golisw B BLSLaal) il
12500 (peasiione e Allay sdiall g gatl) (13-3) JSal mas)
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[Cald] 2500 (g5l Gperdivns e ol (e el A e 4Kl 8 Gualdll Jal) 308 55 (13-3) J<al)

(11-3) Jsaall 5edsls 2500 (sl oriioes 32 Al pail) ANy el Llie i3 (14-3) JSaN (i

Coverage Ratio Connected Clients Ratio
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0.6 4
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Block ratio Total Data Rate
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[Cald] Lol Al e Al 82500 (sl Cpeaiins 230 dal o ] Guanlie ad dagia (11-3) Jsaad)

Initial number of clients 2500
Average connected client 0.602

Total Data Rate 113.823 Gbps
Average coverage ratio 0.797
Average block ratio 0.195

A5 T9% (olod prdione 2500 Alla b coneal Ll G (11-3) Jsaally (14-3) JS& (e it
Cliheal Jaeas 19.5% Fad ) canity) anall Gt s (3 60% el Caadis) Cploaial) (padiivd

.113.823 Gbps san Gaeadiad) Ji e clgiad) <)
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[Cald] 3000 (g5l Gperdivne a0 dal (e el T e 4Kl 8 Gualdll Jiall 3508 55 (15-3) J<al)

(12-3) Jsaall Jelads 3000 (g5l pediinne 230 Allay a3l ANy el unlia 55 (16-3) I i
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Coverage Ratio

Connected Clients Ratio

0.6 — —
0.6
04
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5 20 40 60 80 96 tume{Sec)
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WNW
0.200 - 100 Gbps 4
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Ll Al e 3K 6 3000 (sl Cpardivee e dal e el AN oY) Gulie i (16-3) J<al)
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[Caldl] Ll Al ye 3Kl L3 3000 (ssbon (et s3e Jal (e elY) Gaulie o Javsia (12-3) Jsaall

Initial number of clients

3000

Average connected client

0.576

Total Data Rate

131.950 Gbps

Average coverage ratio

0.789

Average block ratio

0.213

S oabeaiall cpeadiioal) das (aledils 78% A ) dukaail) mleas) (12-3) Jeaally (16-3) JS&l jela

Opexdiuall J8 e dlginnal)l S Glbanall Jaras 21.3% dad ) o)) aal) G cps 8 57% s

.131.950 Gbps 22,
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:3500 (aeadine 23e Ay Slgdall g gaill (17-3) JS&l gy
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[Caldl] 3500 (g5l Operdivns e Jal (e el A e 4Kl 8 Gualdll Jal) 308 55 (17-3) J<al)

(13-3) Jsaall jelids 3500 (g5l padiine 230 Allay a3l Ay el unlia 53 (18-3) J<a) i

Coverage Ratio
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time(Sec)
Block ratio
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[Cald] Lol A e 3Kl 8 3500 (sl Cpeaiios 230 dal o el Gunlie ad dagia (13-3) Jsaad)

Initial number of clients 3500

Average connected client 0.551

Total Data Rate 148.341 Gbps
Average coverage ratio 0.771
Average block ratio 0.220

cpbeiall Cpeasivdl Ay 77% dad ) ciloay dodaill ds G (13-3)  Jsaalls (18-3) J<all jelas
s e GBI a8 el sl (6 A<l 5)8 aaed i @lls (5500 maatl L) Ty cuatd
22% sl daws culys clanall o2 Auhit aca adaalg e a2l readiiall Ji e doslhall 3))sall

.148Ghps ellgiuall cilihaaall Jasaj

14000 ¢paddive 36 Jal o Ll Laldl) e AAN golisw B 5 LSLaal) il
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[Caldl] 4000 (g5l Operinn 230 Jal (g Ll Al e A<l & Guelad) daall 303 85 (19-3) J<al)
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(14-3) Jsaall edals 4000 (sloy (peadiivss 22e Allay (il ANy oY) Lunlie 15 (20-3) J<a)

Agle d}maj\ 5N &;"\S‘ ) enlea (‘;:ﬁjnu}'m

Connected Clients Ratio

Coverage Ratio 0.6
06 0.4 1
0.4 -
0.2
0.2
0.0 0.0 : : : :
5 20 40 60 80 a6 5 20 40 60 80 96
time{Sec) time{Sec)
7 Block ratio Total Data Rate
0.300 200 Gops -
0.200 150 Gbps
100 Gbps
0.100
50 Gbps -
0 (m 4 4 L4 L4 L ' & o
s 20 40 60 80 96 R:ops : - . -
time{Sec) S 20 40 60 80 96

time({Sec)

Ly Al e 3K 6 4000 (sl Cpaddivee e dal e el AN oY) Gulie S (20-3) JSal)
[Sall]

[Cald] Ll Al ye 3K 3 4000 (ssbo (et 23e Jal (e elY) Gaulie o Javsie (14-3) Jsaal)

Initial number of clients 4000
Average connected client 0.531
Total Data Rate 165.025 Gbps
Average coverage ratio 0.761
Average block ratio 0.230

76% cily G Gueadied) e 5L g Aadaall (@lsdl il (14-3) Jsaalls (20-3) JSal el
& e Hlse el AN wlais ol reniiad) ol Lujs (51 53%  cpbeaiall Grerdiall Fas (alidlls

165 Gbps 3y peainsall i (e lgisall (KN Gliland) Janay 23% Loy amall das iy o
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[ald] 5000 (solasy (noriise 220 Jal (3a Ll A e 3Satl) 3 Gualal) Jall 388 0 (21-3) <

(15-3) Jsaall Jelats .5000 (sslow (peaddine 23c Allay Gaill AV oY) Luulie 53 (22-3) J<all (i

Coverage Ratio
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[Salll] el Al e auil 8 5000 (gsbu (padiivue 2 Jal e oY) ualie add daui gia (15-3) Jsaall

Initial number of clients 5000

Average connected client 0.50

Total Data Rate 183.991 Gbps
Average coverage ratio 0.743
Average block ratio 0.243

oalidily 749% ) deadl fperdiival) 23e 33l ae dadasil) (aléas) el (15-3) Jsaalls (22-3) J<a) (o
Gl G G eaed Dlse 02l A8 aliid ol Cpariieall Coat Loy 6l 50%  cpbeaiall Gpeaiiosall Faws

.183 Ghps 2s0n ppexdindll Ji (e el SN Sldaral) Jaeay 24% L\-\Jﬂ:ﬁ Caall s

:10000 ¢pasiion 35 Jab ¢ Ll AalEl p ASull) gujlow A S1Slaal) quilii-

10000 (yeaaise 220 Allay Jlpdall gumsaill (23-3) <Al sl

[Caldl] 10000 (g5l Cperdivee 33e Jal (e Ll A e A<l b Gualal) Juall 308 55 (23-3) <l
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(16-3) Jsaall Lelals .10000 (gsbuw (peadiine 23e Allay il ANy el unlia 53 (24-3) Il i

Coverage Ratio
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gl Al e 30t 3 10000 (gslasy poriioss 320 Jal (30 el AV 23 alia 35 (24-3) J<al
[Sall]

[Caldl] Ll Al ye 3Kl 3 10000 (ol Gperdive 3o dal e oY) Gunlie 4 Lo 5ia (16-3) Jsaal

Initial number of clients 10000
Average connected client 0.322

Total Data Rate 232.382 Gbps
Average coverage ratio 0.633
Average block ratio 0.311

O Mo die zaal Gia Cpeddid) dae 3003 ae Aadaiill (bt il Jpanlly clinall el oyl

Opeatinadll U8 e llgiaall S Glheall Jaeas 31% L conall Lo citly s 8 32%  aloaiall

Ml LS e A gl A lgle Jseanll 2 lilaes Jaee dad ST a5 232 GBS sy
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oY) bl geilis Julas 4-1-4-3
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Average of Connected clients
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Ll Al e ISt 8 laolae) (a3l cillaadll Galsd uis L of ) ALyl alaa) ey

[19]: il iy (X,Y) clblanly ol i) Gam (0

[19] el Aailal) 3ot s 8 Lae ) cillanall Cliaalsa (17-3) Jsanl

ddanall 4y y2i a8
FHmE ksl Alane S lardl o | Al i,
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il lSus Gl pudy e a balael (g ) @lasjilly el £555 Ayl A€ all habde of WS

Al Al e Y ladl Gull)
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[2]: o5 3y el e Alla S 30 Ly BG Gualall Juall el b G aladind s S sl

53 L Gh Sy pane Jae ) zbas U 23il) eV el :eMBB e Ji ) (s —
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Al pan Gl Byde (o STy oS50k

zlad ll dajal) aleadl @l aladin) eVl pexi :URLLC 48505l 2l il it cyLay -

(5MS (e JB) Bl (midie Gl ey allan Al Adle 3 ggal

3Sud e il A Gehin Can bl o danyd U9 Gacedall Gl Jixe (18-3) Jsad) g

bl e gl Rl aerdiie (Ll Al Lueld s

[19] Ll Al Gaalal) Janl) S 3 il (e Ampdh (K1 Gannmiiall cilibanl) Jine (18-3) Jsaall

Al pidieia JSI O gaaal) Jlaal) e pdiea J9 alieY) Jlaal) Qae
x_eMBB 100 Mbps 1 Gbps
X_mMTC 1 Mbps 10 Mbps
x_URLLC 5 Mbps 10 Mbps
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Ll Al A gl Alay il bl (30-3) ISl g

Deﬁnehsemﬁm(gmage.capadtv.m
A
Define Slices (Slice-iD, BW-guaranteed, BW-Max, number of connacted users)
v
Allocate the available BW of each BS for the slices (eMBB, URLLC, mMTC, Voice)
.
Define Clients randomly (X, ¥, Mability_Pattern, Usage_Freq)
B
Define 3 new Client to a near base station to a specific slice
e
Does the requested
No amount avaitable in Vef
‘ the concerned slice?
Assignto base stats :r:cm::dﬂ::r:mdmmpumm
then re-check the amount in ey, Dl S o6 conectied
the requested slice ¥
Increase request numbers, connected
users, and connected time's counters
::
The amount of
consumption exceed
“f— the max-BW of the
slice or not?
| Still connects

Release thelremces

o

[19] Lol Al Sl golinad il Lalaal (30-3) J<al
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Coverage Ratio Connected Clients Ratio
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BW Usage Ratio in Slice (eMBB) BW Usage Ratio in Slice (URLLC)
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[l ] Loy Ailal) 3Satl) 3 100 (gl (p2a23inn 232 Jaf o o) Gunlia 28 Jaus i (19-3) Jsaall

Initial number of clients 100
Average connected client 0.9999
Total Data Rate 5.139 Gbps
Average coverage ratio 1.00
Average block ratio 0.0000

100% Ay (periiosal) pan x5 100 Gpeaiione sae Allay A<l O (19-3) Jsaalls (32-3) JSa el
dans O Taadal) (a5 5.1 Ghps llgivall SN Clbanall Jaee gy 8y iall dyglue onal) dasi s
Algiadl Slhlaed) 3y axdiens 100 Al 3 TV slid) (e el Bamihal) A<l gjlinn b ddasal
23ne Glihae Jaee panads ) asa iy 7.6GhPS dad el Al e A ojlan 8 by Cua 8
Jare ausie of (33-3) UKl (pe Jandlis  lsall o (& s (M (535 Lo ¢ ansionall (e allaia JSI Uiy
Lo sie dlig Aabtidll 3lsall (pe Lo 206 Gad eMBB 3y b el sl pues G cllgiall cillasdl)
Laadall sl (30 0.9% ded URLLC 2sopd 8 Zaae Bl Glbaall joes 8 cllgiudd)l cilblazall Jaes
e 0.01% Zed MMTC Gy 8 cllaadll poes 8 dllgiad) Slibaed) Jars Javsio glis das,dll o3g]
Glhaeall Jare g @15 danyd IS Dlgan) il of Baadl Lael) i) as . led daaraiall 3)lsal) dod

(18-3) Jsaall iy iyl (ga 55 IS Gaadial
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BW Usage Ratio in Slice (eMBB) BW Usage Ratio in Slice (URLLC)

= \\/\/\/W\//”Mvwvﬂ\f\/\,/\- e
Kk 0040 WWMMMWW
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BW Usage Ratio in Slice (mMTC)
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[Cald] Lol Alall asil) 3 500 (g5l

[Calil] el Al Al 3 500 (oo endione 230 dal o oY) 2l sia (20-3) Jsaall

Initial number of clients 500

Average connected client 0.98

Total Data Rate 30.766 Gbps
Average coverage ratio 0.99
Average block ratio 0.0088

Ay Cperiiadl) dast Cinaal 500 (pariiiens sae Allay A3 G 223 (20-3) Jsaadls (35-3) KAl o
98%  aleaiall Cpreniioad) A canueal Adaaall dud B gs AN 3 Greatieall 23 53U s 99%
(36-3) ISl (e Jaadis .30 Ghps Ly I clidanall Jane &l 0.88% Al Canal) Fausi ca0la)) gy
daliadl 3lsall 30 6% Gad eMBB s b dusc ) Cllaaal) pues 6 dllgivnd) Cilidanall Jane Jausgia f
Dlsall 30 5% dad URLLC Zanpid 4 el cillaadll poen (4 llginall cililaadll Jaes Janigio ghy
ded MMTC danps 3 clhad) g b cllgidl Sllaeall Jaee Jaugia gy danyill 03] Auaradd)

Anpill 03gd Leacadall 2))sall Aad (e 0.2%
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1000 (padiians 33 Jaf e Ll Ll ASuE) g )law b 51Slaal) gili-

1000 (paris 31 Allay el g gaill (37-3) Sl )
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1500

AZWO eve

[Caldl] 1000 (s cnardives sae dal e L3l 2l AN 3 Gualall Q) 308 55 (37-3) J<al)
Lo 5ia (39-3) JSall (g 1000 (Sloy (padiios 23e Alay Gl ANV 6laY) uulie 53 (38-3) IS (i
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lede Jpmal) g I 61!

Coverage Ratio Connected Clients Ratio
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BW Usage Ratio in Slice (eMBB) BW Usage Ratio in Slice (URLLC)
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BW Usage Ratio in Slice (mMTC)
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time(Sec)
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[Caldl ] Loy Al A<l 8 1000 (g5l Operdins 230 Jal (g oY) a8 avgia (21-3) Jsal

Initial number of clients 1000
Average connected client 0.92

Total Data Rate 57.465 Gbps
Average coverage ratio 0.988
Average block ratio 0.068
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Coverage Ratio Connected Clients Ratio
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BW Usage Ratio in Slice (eMBB) BW Usage Ratio in Slice (URLLC)
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[Calll] el A 3l 3 1500 (sl

[aald] Ll 2ailal) 3t 3 1500 (sl (ppeniiss 320 Jal (e ) o o ia (22-3) Jgaal

Initial number of clients 1500
Average connected client 0.89

Total Data Rate 84 787 Gbps
Average coverage ratio 0.970
Average block ratio 0.08
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Coverage Ratio Connected Clients Ratio
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[Call] g3l Al Al 3 2000 (sslow Cpardivne s Jal o el ad Lavisia (23-3) Jsaal

Initial number of clients 2000

Average connected client 0.85

Total Data Rate 109.869 Gbps
Average coverage ratio 0.962
Average block ratio 0.112
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[aa ] Ly Al A2 (82500 (g sl ariinsa 230 Jal o V) o Laws 51 (24-3) Jsaal)

Imitial number of clients 2500

Average connected client 0.82

Total Data Rate 137.278 Gbps
Average coverage ratio 0.954
Average block ratio 0.134
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[an )] Ll Aailal) 4050 3 3000 (5 sk (pediiune 230 Jal (g 610Y) a Jans i (25-3) Jsaal)

Initial number of clients 3000

Average connected client 0.794

Total Data Rate 161.458 Gbps
Average coverage ratio 0.934
Average block ratio 0.140
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Initial number of clients 3500
Average connected client 0.754
Total Data Rate 182.407 Gbps
Average coverage ratio 0.905
Average block ratio 0.151
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Initial number of clients 4000

Average connected client 0.72

Total Data Rate 205.199 Gbps
Average coverage ratio 0.890
Average block ratio 0.171
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Initial number of clients 5000
Average connected client 0.70

Total Data Rate 256.703 Gbps
Average coverage ratio 0.881
Average block ratio 0.181
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[Caall] Leildy daial ASil) 8 10000 (5 sbw rediiase 232 Jal e ooV i Ja 5ia (29-3) Jsaal)

Initial number of clients 10000
Average connected client 0.62

Total Data Rate 402.857 Gbps
Average coverage ratio 0.841
Average block ratio 0.221
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Average of Connected clients Ratio
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Average Coverage Ratio
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Initial number of clients 1000
Average connected client 0.90
Total Data Rate 54.554 Gbps
Average coverage ratio 0.94
Average block ratio 0.07

94% 333 i Tyl Fdyall (3 1000 (ppesiinne 336 Al 25 & (30-3) Jpaally (72-3) IS el
& s Uiy A Leal JAdul o3 Al adll 4y 5l85e 0 8 5 7.8%0 aall daus Caly s 54GhPS <Dlgiul Jaza
aall L Gl 57GhPs eDlgin) Jaee 98% Ankaaill dpns cialy Wiy 8 1000 peddieall 22e g 5l

Loy ¢ipas S b patll Dla) Jully cpeadiuall Slgdall g5l N 3smn adlls Jiiall DY <6.8%

83



Joaie il e adiiaisale) 2 Cosmne il e aadiiall Jisad o Lodie Lonspall Zuyall aapl) Slall b
Vs saase alla 55 Csaae 4l e aafiall Jisad 2 Levie Wiy 8 Ll cJlai¥l Alglas aile) die

cOpbeaiall aeadiiaall e 8 Abas 2y

(31-3) Jsaall Leliis 5000 (ssbon Cpperiione e Ay a3l AN el unlia s (73-3) <A i

Coverage Ratio Connected Clients Ratio
O>.8
0.8 4
0.6 0.6
0.4 .4 -
0.2 4 0.2 1
0.0 Z . 0.0
30 100 200 300 400 500 571 30 100 200 300 400 500 571
Block ratio Total Bandwidth Usage
0.300 1 300 Gbps -
0.200 JAPIIRSEBR PR 500 Gops -
0.100 100 Gbps -
0.000 4 T T T r 0 bps L v T T T
30 100 200 300 400 500 571 30 100 200 300 400 500 571

[Loaaall 2yall] 5000 sk pardiions 236 Jal e Gl ANV oY1 Gunlie 3 (73-3) J<al

[Lanasall 2uy2ll] 5000 (5 sk Cpeadives 332 Jal (g 610y o i (31-3) Jsaall

Initial number of clients 5000
Average connected client 0.77

Total Data Rate 247111 Gbps
Awverape coverage ratio 0.86

Average block ratio 0.2071

Aabail) Aot Caadds) Gaanyall Ayl 8 5000 peaiiios 230 Allag 4l (31-3) Jsaalls (73-3) J<al el

ot 20.7% e N cnall das Cniily 247GhPS Aad ) D) Joe J2ls 86% 353m; sl

84



20.5% aaall Gus cixliy 247GbPS Dleind) Jonas 85%  anail Auakill il

(32-3) Jsaall Jelas 10000 (gobosr ppardinen 330 Alay a3l ANV oI3Y) Gunlie 553 (74-3) IS8 iy

Neple Jpasll gn Al oliY) Guulie ad Lanisia

Coverage Ratio Connected Clients Ratio
0.8 = —
0.6
0.6 4
0.4
0.4 4
0.2 0.2 4
0.0 4 0.0 4 . . .
5 20 a0 G0 5O a6 5 20 a0 60 0o 96
Block ratio Total Bandwilidth Usage
0.300 L'\v\»/vmNvWvv\N\AAN\AA/~/~IvwV»l\r\/vvv\NW\Nw«. A e Y
Y
0.200
200 Gbps
0.100
0.000 4 v v v v 0 bps v ) Y T -
5 20 40 60 80 26 5 20 40 60 80 26

[iana ) 2uhal] 10000 (ssbo Gaediiue 23e Jal e gaill AV oY1 Ganlia i (74-3) J<al)

[Laaasall 2uy2ll] 10000 5 st (pexiinse 230 Jal (e e12Y) ad Jass 5ia (32-3) Jsaall

Initial number of clients 10000
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Total Data Rate 400.173 Gbps
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