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5G Dedicated Spectrum Non-Public Network
in Taiwan at 4.8-4.9 GHz Band
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SUMMARY
With the rapid development of international communication technology, the
importance and demand for 5G non-public network is growing globally. Our
country has allocated the 4.8-4.9 GHz band for "5G Dedicated Spectrum Non-
Public Network" overseen by the Ministry of Digital Affairs. The primary
applicants for licenses and network setup are field operators. Since businesses are
not familiar with the 5G dedicated spectrum non-public network, this study aims
to analyze the current application status, explore the considerations and challenges
faced by operators, and assess the feasibility of adoption across different industries,

with the goal of encouraging more enterprises to adopt this network.

This study uses literature analysis and expert in-depth interview. Designed survey
questions focusing on technological implementation, network information security,

regulations, and financial operations.

The results of this study found that most domestic and international cases are
primarily experimental, with few enterprises fully implementing the technology.
Financial operations are the main consideration for most enterprises, with high
costs being a significant barrier. Small and medium-sized enterprises struggle with
maintenance costs and are concerned about return on investment. Additionally,
challenges such as organizational culture, talent, service integration capabilities,
demand, equipment maturity, and subsidy costs affect adoption. The feasibility
assessment suggests that high-tech or large manufacturing industries have a higher
likelihood of adopting 5G Dedicated Spectrum Non-Public Network, while other

industries face regulatory, financial, and field limitations.

Keywords @ 5G Dedicated Spectrum Non-Public Network, 4.8-4.9 GHz Band,
Enterprise Non-Public Network, Feasibility Assessment, Expert in-depth Interview




INTRODUCTION

The emergence of 5G non-public network allows the application of 5G in various
vertical domains by establishing private infrastructure that is not accessible to the
general public. This network is exclusively for specific enterprises and industries,
providing communication services such as production, monitoring, and data
collection. This approach enhances the effectiveness, stability, reliability, and security
of 5G applications. The first detailed explanation of 5G non-public network and their
architecture can be found in technical specifications and research documents such as
3GPP TS 22.261. The concept of non-public network was introduced as early as 2018
in 3GPP's Release 15, and the current architecture of 5G non-public network can be
found in the studies of 3GPP Release 16. There are two modes of 5G non-public
network : Stand-alone Non-Public Network (SNPN) and Public Network Integrated
Non-Public Network (PNI-NPN).

In countries such as Germany, Japan, and France, the allocation of 5G spectrum was
completed between 2019 and 2020. Many countries with more advanced
telecommunications sectors had already commercially launched 5G network by 2019,
extensively developing their domestic 5G infrastructure. As public network gradually
became unable to meet the operational needs of some enterprises, the attention to 5G
non-public network increased, creating future market opportunities for 5G non-public

network.

To explore the challenges of implementing non-public network abroad and study the
domestic environment, this research aims to further enhance the development of 5G
non-public network in Taiwan. Over the past two years, Taiwan has been actively
developing 5G non-public network. However, most enterprises are not particularly
familiar with the status and license application process of 5G non-public network,
leading to difficulties in their implementation. This study aims to take the perspective

of enterprises, enabling them to understand the application and implementation of



dedicated spectrum private network, and to grasp the key concerns and priorities of

businesses. This can serve as a reference for both the government and enterprises.
MATERIALS AND METHODS

This research is a qualitative study adopting literature analysis and expert in-depth
interview as research methods. The ultimate goal is to consolidate the challenges
currently faced by our country in implementing 5G dedicated spectrum non-public
network and to conduct a feasibility assessment for the industry based on the current

situation.

Firstly, challenges encountered during the implementation of non-public network
both domestically and internationally will be summarized, which will form the basis
for the outline and questions of the in-depth interview. The interview questions will
be divided into four aspects: technological implementation, network information
security, regulations, and financial operations. Data will be collected from various
sources to analyze the current situation in our country, combined with the
interviewees' perspectives on the implementation of 5G dedicated spectrum non-
public network in Taiwan. The responses will be thoroughly explored to understand
the issues considered by the interviewees. The collected interview data will be

compiled to facilitate the final consolidation of challenges and feasibility assessment.
RESULTS AND DISCUSSION

After conducting in-depth interview with experts, this study found that regarding the
challenges of implementing 5G dedicated spectrum non-public network in our
country, experts do not consider technological implementation to be a challenge.
Instead, they believe that other aspects need more attention. In terms of network
information security, some experts agree that network information security needs to
consider the risk of data leakage and its consequences. However, other experts believe

that the current information security regulations are relatively complete, and adhering



to existing regulations can effectively build and maintain dedicated spectrum

network, so network information security issues will not be a major obstacle.

Regarding regulations, experts have more diverse opinions. Some believe that the
implementation of 5G dedicated spectrum non-public network might increase
unnecessary costs and pressures, and the government has not achieved a balance in
integrated services, posing a significant difficulty for enterprises. Other experts think
that the regulations are set with comprehensive considerations and should not be a
primary concern for implementing 5G dedicated spectrum non-public network.
Finally, on the financial and operational side, experts unanimously agree that this is
the current challenge of implementation, especially with the high initial costs and
subsequent maintenance expenses. The significant investment costs and unclear

investment returns are the biggest factors.

This study also provides other insights into the above challenges, including
organizational culture, training and lack of professional talent, insufficient integration
capabilities of services, the demand levels of various industries, equipment maturity
and compatibility, and insufficient government subsidies. Addressing these aspects
more thoroughly would bring better development for the promotion of new

technologies in our country.

Furthermore, this study analyzes the feasibility of industrial adoption. In the industrial
and manufacturing sectors, especially high-tech and large-scale manufacturing
industries, the feasibility of implementing 5G dedicated spectrum non-public network
is higher. In fields such as transportation, logistics, and healthcare, due to facing more
regulatory restrictions, financial pressures, and site limitations, the feasibility of
implementing 5G dedicated spectrum non-public network is relatively low. In
summary, to enhance the feasibility of introduction, the obstacles caused by different

restrictions should be reduced.



CONCLUSION

This study indicates that most cases are experimental, with few enterprises and
applications fully implementing 5G dedicated spectrum non-public network. The
limitation of this study is that for the 5G dedicated spectrum non-public network
application cases in our country, the government only indicates the enterprises that
have successfully applied, without clearly stating the conditions that the unsuccessful
applicants did not meet. Therefore, it is difficult to collect data and historical
information on the implementation of 5G dedicated spectrum non-public network,
and through quantitative data, understand the challenges of implementing 5G

dedicated spectrum non-public network in our country and future feasible predictions.

Moreover, although the introduction of the 4.8-4.9GHz 5G dedicated spectrum non-
public network in our country faces multiple challenges, if more targeted strategies
and measures are adopted, such as strengthening talent cultivation, improving
organizational culture, and increasing the attractiveness of subsidy policies, the
possibility of realizing 5G dedicated spectrum non-public network applications in the
future will be greater, providing more comprehensive services for various industries.
This study suggests that in promoting the development of 5G dedicated spectrum
non-public network, a leasing system can be considered, evaluating based on demand
and the implementation environment, and engaging more in communication and

exchanges with the industry to enhance the possibility of successful implementation.
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215G & $ R 7

2.1.15G & fepxit

56 & pd - A SGHTE: b 5G EE AAH Y - AR ER
M T RPN DR RRGES N FEEEET R DOERBRERR
(RAN)IV % # 35- BR S BAY S SRENIEIELREIFIEAFHL P
"R S5GC LERTUEBIN G L TUcAY SAk- BRE A A
3GPP # R4 E 282 B i (NPN) (Aijaz, 2020) - 4p92 5G & 4 > 1 — Bk
BT g P2 30 o e U Y E AR P e B2 O-RAN (Open Radio Access
Network) » ¥4 O-RAN B P #14% 31 et 4 o LA P 5 @Y B3cehi o~
B M cB R R4eB it ke - BEJ & Aoxg P st dag s
it o IR EAETRF LU PRAHWUEFH H T o T kAR PR
o R N Ao FER B AR R B YRR Ag o AT O-
RAN H 24— 87 Rig 8 - &7 AR 5G R A B ES X
(C. Li & Akman, 2020) °
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W Eend i snr B 22 B { A EROBRCEFE 2R
R A )R i & R (EESBLEFE) ftls'%—_ﬁgcféi_ﬁ”’-% R
Bopeind ik o R ;“’if““m?*ﬁ"ﬁ— B RFIELE Y AR
5G % % Fcr £ 48% > & PRnewswire ehst3 48 £ ¢ 5 5G & 5] 2021 & &
T Pfp BE 4248 50 i # ~ (Poe et al., 2020) o ¥ ¢F > 235G B g A HE
R HRPFE € 12032 £:£ 5] 10351654 B E 02023 &£ 3 2032 £ 2 fF i
E4F & =& F (CAGR) % 48.1% (Research and Markets, 2023) -
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%3~ 5G % i

S o
RESEEEE N EE L & TN Y JEE & o g
R ehdE | TR GORBER E o LA S5G R Y o PRo
Fgvor s BB €% % 99.999999% > B L iE £ 99.9% > E %8 B R A

B Pt 5G B i * gt k6| o (5GACIA, 2019)
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A B 4 o A AT EABNY > TN AR L HIE D g
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i 2 E 0 iy V)I}F’r;’—l-SG% w2 Wi-Fi 6 3267 7 2 » 4ok 4 977 0 g E
¥ 356 % &m%éﬁi&g‘& Wi-Fi6 4% > @ Wi-Fi6 P& _&30% g & fp 4t
GEpi@Em A2 F A% =5 g (Khorovetal.,2019; Wenetal., 2022) -
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% 4+ 5G & #2% Wi-Fi6 1 4

RE #5 B 1221 2 = ok R B s
AE ¥ Gl e L3 Y & A
i R g Bt
e
5G .
7R R % % % % 3 EF7 8
2o
e
Pd
Wi-
LILER | F ¥ [ [ 5 5 o btz
Fi6 |
Tl
7R &k ¢ Khorov et al.(2019) ; Wen et al. (2022)
2125G & % K

5G & % (5G Non-Public Network ~ Private Network)4 % f7 NPN £2 2> #
EJEE NPN 3 % 27 007 i 2 R (765 3 (PLMN) 4% i i34
At ’%é'“ﬁ_’rf%'i%‘ﬁ '4—\5 PLMN 2 i {7 2 320 598F 2 6 o 50 g W 2 IR = &~
Fralfodn g 4 sl 2. FF e 3 B 7> 827X SNPN #2 it 59 35 38 4 T2 a4
AT R EAN LIS N F A REL AR 2 BT HE PR 2
e gp vt 2. » PNI-NPN i » F® {58 i (Cogalan et al., 2022) -
5G & gecn B 0 P A AR L ABE BT TR 5G R HHER
MTE T R
1. JH = NPN (Stand-alone Non-Public Network, SNPN)
fptHae ¢ o NPN e = 38 2 b= e e o 4ol 4 9771 o 75 e id s
BRI ST B AR R 02 NPN & 2R o B 53 H 2 -
FRE MBS S ER N mp VB BRRIRY TR gk
(5G-ACIA, 2019) - ﬂf‘&#ﬁ NZBPUEPpEMEAER (1) SGE iR
R BRI~ 2) 5G & e K E A e TR ~3)
R RENSG AN E (¢ RARBPFREREIPORER) T F R
C-% %mﬁéﬁ%@l’\ G E B NSCERT UL EE > LA

B G RmARE T RS MR AT LT R e AF R A7
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UEER VR EE MR L2 2 Ao B 2 Bt (Ordonez-
Lucenaetal., 2019) -

Public network

i 38

| Public

| network
| services
| AR AARRARS

Optional
connection
| S

I
L _

Non -public
network

JEATHAREART services

B4~ Jb: NPN % H]
T kR 5G-ACIA (2019) > ~#= % % 4
R i 85 £ NPN (% 3 RAN)

fgt 3 ? NPN € foo Boelh 5 % S P SRS el 0 & 2 0 i
Bt il B AR IR AR B0 4ol 5 47T o NPN R enficdpin B 11 2 F
FARE BT AR o6 2 RRREAE R RS D 2 5 T8 (SG-ACIA,
2019)« P #HW S ¢ £ F - BH 3 RAN k% 50 & §335 3GPP e
# 7 RAN ehx 3 A v e E MG L g @@ % infls & (3GPP,
2022) -

Public network

NS
RER ,E

Public
network
services

P RAARER

- Non—public
network
JEADHRIRTE  services

Bl 5~ %3 RAN % R
TR %R 0 5G-ACIA (2019) » 277§ % 8l
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3.

O R & NPN (£ 3 RAN #8241k 6 )
Bt B P 0 NPN € fr o RO R & % B8 ) ol SR Pl > ¢ R iy

AN BRI 0 oW 6 4T o At F NPN ehlicdhin £ 19
5N (5G-ACIA, 2019) - SR 7 MG EED #i> P kP
Boo - BEFAOTAAY o B DR P RRERR T g
Bof A et Sl 0 BRI LR B et L

B oo
F
g\xd\
o

Baent 25 ¥ 0 E BT o oo B PR3 (Foukasetal., 2017)°

Ly

W,‘z
LA

Public network
RTHBIE

Public

(@) (« >)) P
network
services
RTEBRE
Vrhon-pubﬁc
network
FEATHRRT  services

Bl 6 %3 RAN & 4141k 6 7 HFl
TR &R : 5G-ACIA (2019) » 4 ﬂﬂw@\l

o BB R & NPN (d 2 Boepe ik i NPN)
B R >d O TRR K% BRGS0 NPN foo Boppe Rt o dic

P B8 E B DA T2 0 o oR] T AT o B e cnficdy i 6 Wi
%0 RAN 31 5] 2 Boppx by 2:i5d A FAR 2 2 2 7 b el o ;g
PO FE R e o RO R DR foib 2 o A BT L AR R
®FomE R G A LR R P ki SRR (5G-ACIA,
2019) -
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services
DT ABARE
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FELTRERARTS services
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[ o | |

B 7~ d 2o B gtk i NPN ZE H B
T kiR 5G-ACIA (2019) » #4774 %l
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5G 30 B4
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J

WR O HSEHSEGA o ARRARS TR R

FITS

EH hL-E AR oY

=

¥ibrzampa1¥3G %% LTERRRAAT L2
BB REHRINIERFEY S HN R R R TR T
Eed ‘fr&t% A Ak #*KLI{EH’&« » iz ¥_LTE & #* 3epe g «gﬁi
5G &% % &0 (Dogan etal., 2019) o 827K 5 MR enppBpre Mk - & F Ko
@{g%%%ﬁﬁﬁﬁﬁ%ﬁi’filﬁ)’*Qﬁﬁﬂmﬁﬁ’$K ¥
AL g 8 F #«,limﬁ&%#wﬁ P BRI EAEF 1R 4.0 3 *
Rend ket 2 A 21X PRt d LR A gL A 2 B (Xu
etal,2014) > 2 € H R * 3 RDPRATFRE 2 oIfh o Fpt > AL LR
AMF SC B LRI E L EOFREE G {FEAE (Brown &
PRINCIPAL, 2019) -

PR 1 RAURY REL o G B RF - Fleo R ;@@]
FEOFRISGERREY X F o bipF Y SCERENNRKA T FI AR
RN SRR E D AR p R g R R R R L
W FRT 2 W&&&;ﬁ%é%%’?uﬁﬁbi5G%$Uﬁ$ié4#
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c 59 LB AT GPRFE > 2 A H KT gk (Wenetal, 2022) o 12T #3R

5G B g™ 3 E A el RS R Ep B pR O
Bk R 2N BEtRg T R B BT AR E T AP R
9 I (Aijaz, 2020) o d IR G ME R REREY FoRERRE 0 S X LR
AL TN (2 TSGR RO T F G R > REL U T E A R
Sl M F e E (Alietal, 2021) o

LEFLE A0 PRI F 5L ENPEHFRENF I OFENE B
SR A R gk AN o £ s T MR S P L%‘rmﬁﬁg e PERR T B AR
i 7= 14 (Shah etal, 2020) o = R ¥ T3k cvgr 5 M AE R 42 PSR 0 58

Pk AR s B F N B E R i R R
FEFPPEERRT 2EE c T P 3 N BEFE R G A
Lo Bl DI F Pl Aib SPNIRF e g £ 8¢5

Foeug B 2 g eid Koo PR GRE S B A a0 S S REddg 0 ¥

EJ st e 2AEACIRARE DB AAR T 4 JEd BN BT R
BReOARAIRE » TEYRRBLREER APESEP T F TR
S il LU i - (X Lietal, 2021) o g prglBejd st fe it enirt 4y

AR F R e AR b R e § (kb 4T 5G
B g A A0 g B R

1 EREY Ry LA EELREL D %Ff"?% e R
T AR A AR R IE B AR P oolg o A3 AT s 2w
FARIEE 0 R * 1% 5G & R BALRA-R] 8 1T o A R R
FRAEQSFRT OFERF-FELG FBEASERRSZ R
B 5G B R Y 0 TR QoS RgE K # frpRar 0 d AR
AT ELET B A M B g T s F T B A BT IRA et
LD REpBEL LTI S(L2) FBHPELFTES 5L B LR
Frcdp T 4 & £ dow 3 —g B (L3) 5 Buifs 5 3ut s el el A

¥ 3R R Bl B PR 73(L4) (Deutsche Telekom, 2019; Ruoxi et al., 2022) -
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Public
network
services

DT EBRRRRE

IR ST
1] BEGEERATRE ¢

Bl 8~ 1% 5G % pchililEam
74 KR Deutsche Telekom(2019) » A7 7 % @

i s’é’ﬁs?](éﬁcﬁ* W 3)

o B fE g WP O ABEL TV IRRAET G M AR E R 1207 F AL B
B AR A 4B FRT) S P PLeniE o SRABRAE By K S AR R R & 2
PARE b 2 o BB T AP BRI A ¥ R RTERE BE KRR
%iﬁ@@ﬁ%%ﬁﬁﬁiﬁﬁ—*@%ﬁ’ 4 5G B el S Ay i3
XA RS o BRAEME P kMY 5G 2 F RN )
ﬁﬁ%ﬂ%ﬁﬁﬁﬁ?géﬁﬁizi FIB ¥ b PR EIRELD
AP TR kB 2 RFAG AR o FIZBRT g - E
ﬁﬂ%‘*§U5ﬁ§4ﬁﬁ&ﬁﬁ%g%%ﬁﬁ$ﬁﬁﬁkﬁﬁlk?
o FAEam AT R F RS N BT R & 2ol
B R d e AAKGRL BF ¥ €% PNINPN 2 3 k2 (X
Lietal., 2021) o

BABELTRE Y BBEREERE A R kLR R i
ﬁ\§%1&%J¢M}’wﬁﬂw%?rm% CRBE e g
ﬁf%

>

«'Frsizﬁ“#\ REUBRE & A% Sed R KABRIRTETZ e QoS &
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]t\,é,;\,g TR TP fox 2 o BERR PPN AR

SRR AT 0 4 B PR Lo TR B R A
Ei 1 5G i B (Al etal, 2020) o SR SR B RA 0 A K
PNI-NPN % & fejer B cnfie® §ARKARSH > P awT 7 Hjivg Lo e
R E SRR I ER -

BT AR Lﬁ%]{n’u‘ﬁ ¢7f§ﬁ&§ﬁfﬁp%}3lizl'#ﬁ"i T fEEEY 0 H
P2 - B ERT 0 R RTINS R BT X 2 eE S A
W ¥ - FIRGEHE 5B foduE 3 m*w{@@] JRERT K 3 =RT] %x&f%?]ﬁ:}";

?35
\1—

#‘J’Eﬁﬁéﬁﬁj};"ﬁ*% LR BT oM > 5G & R
i orranfg ko vl BE - PR RS AR B A e 2R
i 3 E | B BFGE TR T ALE (Aijaz, 2020) o B ¥ 5G B g A

et b _fmﬂ;géfgki’a B RT Gl S OR R A AEER 0 AR

(

ip™ om e B R e

PRAGFE RIS R L3 £.5G B ek ¥ FHHm AT Ak 2

e 0 BRI R N R R AR L AT PR R Ay 2
EECREEA F ol R AL AR TR L > 0 535 5G B
chpr i SRR (4 X 2EV R R FEERF p BRItz R
SR 4 o B G S A 5G &Rk § A€ = 1 (Ericsson)
= K35 2 M4z » Hub One fv Groupe ADP 4 %% 1 5G & > B E 7
=Rz BE O L RABFEY P 3 K% KR E % (Eswaran &
Honnavalli, 2023)

P fE

AR P P ABEREAfrp b F 1D BT AR RART Brap &
HERY o FEF GRIFE AN RESp A BRI T L Bl i
MERFCRRFERAT R M TR B FRFEML

5G'EF% L_é)g.*&l?ﬂi%] ]’:‘ f;,bﬁ&g,é ég’%%;fz\“
BEWEA A ABBPEA DT rRhE T2 HETF 50BN
1P A BB E LR E NS AR (Aljaz, 2020) -

George et al. 747 3 ¢ e I E fih f i ahp 1 B s F L
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(Autonomous Mobile Robot , AMR) & d 3% 5 ftd8 2 gt BIEE & @ = > RIS
BA G2 HNF A1 THREY Bd o 7 USEF AT AT TRy
e 5G By BB A EI L F‘Fi?” HWehizgzr, p !

(Automated Guided Vehicle , AGV)R|Z_p A B & B B L o £ > 7 —*Ff B MR
hE o R FV R L P ABE 0 F ﬁv‘.l&igé“ 5% A#Hx% (George
etal, 2023) - HiFEL p i ARKH o EIURFREY A 5 @R
eE ] AR GRS R B BE L R Pk AR m)’rui
PR RO AL o BN M PR RE A P ik ik
BBI SRR
Pa2ER 5GERAFTEFRARAABILL T BB EA N

LUERE 1 0% Fau R E R BT o T E G FE S LF E DML
BiEER SG LR FRAGY L Bk 2 Et RO wBE - E T
B S5G it Ao T A RR B A G f L T iE A 0 Y By
@LF % 5GERENFEFIRAEP T L BT B9 T o
w3 SGEHRETd 5GE AGV kE T RHL TREFEMREL
5 7 (Cheng, 2022)

T

J

TR kiR : Cheng (2022) » % 278 F » #4717 & 4
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4.

ER
RAESSE Y o RARR AFERI Y FRFIOEARE Y R
BAKFEI I pssr > 4 P URBRIAFR OEFERFS 0 57 BEAE
AR _gr%%w PehBlgE R AT R LA B R s B
W4 RFE LR Ao i 4 RaJgRig A ol ¥ 1 5G
ERARZOEREINE > 5 f2/42 % (Trakadas et al., 2021) °
hArES S ¢ iﬁs’g"gﬁ]&h%ﬁ - XA g;ﬁg;@i E"ﬁ@xé’@ﬁ;f]
%‘r“ﬁﬂ*ﬁa%“#ffugi*v%%ﬂBﬁi%\?%ﬁ?iﬁ“’ I8k ]
SEER G 5 SR Ul N ﬁg’rmmé; AR LK 0 AT AN T G g

B
B
fﬁ?ﬁ%iﬁ?k—ﬁfﬁﬁi’%%‘%ﬁﬂ ® 475G B gannEk o A i { ey

BTt o AT RN A8 P g i s 8
(MONOCAB)’_—rmi £ 4eB 10 #7775 - MONOCAB eh i ¢ + B3t p
gt o B RIEITR 0@ A B &r%’?4?é%’-£’i}g¢d4

B2ieFdm g ngiome H}géaw P IR F MR~ MR
FRT 4o B 5 MONOCAB B tipldfd > #7154 193+ 2022 £ 10
P3P AIREIE G 5G &g TP L HEMEE Y uE T .»3&@91,3;@;]
(Gustinetal., 2023) o BAFES D ¥ > 2 x| Al 4 718 7 it F0

ST LR i“ai:,j:w#%*‘ﬂi"

=

@B 10~ p ##ig ]2 MONOCAB R
FAL kR ¢ Gustinetal. (2023) > % 2 F
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¥R Rk

%f%{};iﬁ*ﬁ?bﬁf BicrkiEz - o x H& BB R T -
i s RFRBELS S SG R TR DD 5302017 £ ¢ Dl

# B 5G e VL ﬁ’f%&fr}% KL XY RIS BE Y S e
FRod B e romiplichp 2 ¥ > B RRG F A FRFER YL g iE
Fie ER L 4o iE 5G i LRl TR e o s £ (Latif et
al.,2017) o fed »v § PG 5G B ik e 4P L A Ft & LI A5G
B grid g R o

§ 20 SG BT LB FRREIRE  BFRRL R DA T
o % 5G & e ke i %P%ﬁ,%%ﬁé’&% URFIHET REFERFFD
Mot § kT Lo B B AHT R JEd SG i LG HE RHTR
HAMEG AE AP BRFFERL 2T LR By (Eswaran &
Honnavalli, 2023) * 5G J1 315 > 7 %75 3% 5 PR F R AP M 07 § R 0010
Pl4rB AL R E 0~ EARE A S BRI e ERE 0 A
Segura-Sampedro et al. %7 7 ® &7 - B HFRH LN T BEAFS G v B
ROET AL EFEINLFHERRR AT SR INAL 0 R HY
£ {8 B * .7 79 & > b (Segura-Sampedro etal., 2017) ; Bagulaet al. e
FLPRP O - RS PILER 3 ¥ R E IR R B
i v ehlichy & $uid 3k F R ik (Bagulaetal, 2018) 5 ¥ ¢h > Lemacet
al. e F ¢ RIGED - BrLRERE A R RS B S o TR
BH PG F R N Y R e B R ehg T doit B

\

B rMER (Lemaetal.,2017) » A ik A7+ *T?;g rg/%.m_g/;g\igﬁ;i R
P MY 10 Ef g M B g BV Rt > IR F Ao

o FRLRE R e @ om B Hcd) 0 PR 4 KA (Ullah et al,
2019) ° § 1 b g A5G HUEF b oo 4 R SR 5G & g : g
L EARELE Y > fiied ¥ 56 & Rhipias R S5C HRLFRR
EAE R PRI Fenier o i FF Efﬁlf'i?#tﬂ@k«frii)im%;% » Rk EH
# SGHENFRREMSTE~ » LFRART L §F LHFE -

22



Honnavalli (2023) 4= 3 # S Uk R e @ * 5G &
L‘gi’llﬁ ’gw—&l)vop’i L—LSGEF &m)@%é‘?iklz?iﬁ/

§ Ak % s

» 11T 4L Eswaran&

= I T AR

Ao BRFERE P FLRREIFALY 2 B R -
2 5~ RHS5GEH EINF LD AR kb
-7 B 5G H REERT M
(B wE D AT T i
L Deutsche Telekom BFLAES ~phit
Wi MR P& K ‘
‘ AT Z=2d)& 22 38 |+ (Deutsche
(2018) OSRAM(Fx & )
Ericsson(& = %) Telekom, 2019)
R F AL E 512 | Telefonica Deutschland
i ¥ P o A S i
Mercedes-Benz FRETE27)& ‘
(2019) (Rodriguez, 2021)
(F FAREAT-F L) Ericsson(€ = 13)
EIRES Samsung Austin AT&T &2 3 R = & 7 TFERS
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