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TAEFEF T F9F 61.2%8 ¢ & L6 (5925 MHz 3 6425 MHz)
£ U6 (6425 MHz 3 7125 MHz) #5 £ o F]ot aiz i % L6 £ U6 4
R I A R e N R LGOS SRS Rk
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10-20 94 28.7
20-30 50 15.2
30-40 21 6.4
40-50 16 4.9
50-60 11 3.4
60-70 5 1.5
70-80 3 0.9
% 2% 80 7 2.1
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% 5-7~ AR L6/UG 3 B ik gl BAE B 4 v

A B w4k ficp F %
-3t 5 MHz 8 24

5 MHz 113 34.5

10 MHz 97 29.6
10.1-20 MHz 17 5.2
20.1-30 MHz 23 7.0
30.1-40 MHz 1 0.3
40.1-50 MHz 0 0.0
50.1-60 MHz 35 10.7
60.1-70 MHz 1 0.3
70.1-80 MHz 0 0.0
80.1-90 MHz 5 1.5
= %+ 90 MHz 28 8.5

TR KR A BE R ATy FER

TTC BTEEAZ S /KA 336 All rights reserved

TELECOM TECHNOLOGY CENTER http://www.ttc.org.tw



Foie F AR R W D)F B BRI F R b e i iy R
B ORIEH o e P R AR B RIEYL A 2 2 2 ) e
BEA 4 VY R LR BT 0 40 5.8 GHz & 60 GHz -
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7110(MHz) 7608(MHz) 8106(MHz)

KELLF Bl KE L Bl
L7G Band1 28M 8+0 U7G Band2 28M 8+0
CHs  cH7 CHI' CH¥ CHS' CH7 CHI CH3  CHS  CH7 CHI' CH¥ CHS' CH7
E R B R R B 'E R B E R R B B
B ‘ B A A &2 B &
|| AR A R A B
CH2 CH4 CHe  CH8 CHZ CH&'  CHE'  CH8 CH2 CH4 CHe  CH8 CH2? CH& CHE'  CH8
7G Band1 28M #4735 % 7G Band2 28M 455 %
n fn(MHz) | fn’(MHz) n fn(MHz) | fn’(MHz)
1 7138.5 7383.5 i 7636.5 7881.5
2 7166.5 | 7411.5 2 7664.5 7909.5
3 7194.5 7439.5 3 7692.5 7937.5
4 72225 ‘ 7467.5 4 7720.5 7965.5
5 7250.5 7495.5 5 7748.5 7993.5
6 7278.5 l 7523.5 6 7776.5 8021.5
7 7306.5 7551.5 7 7804.5 8049.5
8 73345 | 75795 8 7832.5 8077.5

W] 5- 13 ~ 3 % 4 it 5 & 47 i )
TR A E K TR

Yiig):8 TM%J—&J BfeT ;‘ﬁfx%ﬁ?ﬁ%&%%&@ﬁz@? 8% 5G {7
B Qe iR 1T S AR T R PENEE L FH e R H - RO
¥5 OPEN SIGNAL 2024 & 6 ? {7 & e g8 5% 4% £ 4o @) 5- 14 2 B
5- 15 #75% > BP 5G T Ui B T 9% P-§ 3419 Mbps > } BT 155
B-%_46.3 Mbps > F]pt § @& * 5G {7 # e i i ﬂé«ﬁ%@ﬁﬂfﬁ ViR E
AL R ATIUG] o 0T 0 B R O AREL P g 0 ad R LT 46
Mbps 1 L6 4B (¥ 5 F @838 4p 3 0 - iF DS3/E3 4k cn i fiid
B0 B IRE P OB RR B R T A § MO 45Mbps 0 e LR P
m@ﬁﬁﬁ BB A€ 1 45 Mbps e 0 ﬁs?]; P Fli A * 5G {7
B 4 B (F 5 S B 0 5G e m%&%"fé%%@ LECE RSN S Ol
B FWA sciy ipl2 g %1% ¢ fg‘?’i Tt i ¢ (ComReg) 2
RNS5G R E P HEEIP40L 5- 14 #7157 2 7@ * hinfovista 1 HEE %

as)

‘i\

107 Opensignal (2024/6), 7> 4§48 % 3% 2., https://www.opensignal.com/reports/2024/06/taiwan/mob
ile-network-experience
108 SAMSUNG 5G for Fixed Wireless Access, 2019
199 Plum Consulting, Coverage thresholds for 5G services,2021
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e 5G B 33 BRI 5 Bk 5G B AT F
(Reference Signal Received Power, RSRP ) & + 3+-90 dBm > #* P 1 fi-
I R € EIBR A 7B A 240 i RSRP E¥ 5
EF et E4a g 1Al R EZEATRF DR R BT
foo 2GR R BT g FpFR 4R A T 45 Mbps ¢ 5G i F
W 3 LR 33 D AT u/‘“"”;#—“‘“ﬁ%: 115G 7 H Rk E Bl R
A2 ) DERIE o M PR H R AR FE BT 0 RTFH 0 R E 7 D

5G Download Speed @ OPENSIGNAL
in Mbps

O 3419
° FarEasTone 204.2
° Taiwan Mobile 1161.8

Mobile Network Experience Report | June 2024 | ® Opensignal Limited

o 87.5 176 262.5 350

B S-14~ EIP 2024 &£ 6 7 5G T357 L &
F#L &R : OPEN SIGNAL

@ﬁGUploqupeed () OPENSIGNAL

in Mbps

O 46 .3
e FarEasTone - 27.6
a Taiwan Mobile 124.0

Mobile Network Experience Report | June 2024 | © Opensignal Limited

o 125 25 37.5 50

B 5-15~ Wp 2024 & 6 % 5G L35 B3 &
7R &k © OPEN SIGNAL

% 5-14 ~ ComReg # % :15G i ¥ P i@

SS-RSRP
Description <1GHz| &2.1 &2.6 |3.5GHz
Coverage GHz GHz
Threshold
Very good | Strong signalstrength with | g5 ¢ | > 917 | > 933 | >.974
maximum data speeds
Good | Stongsignalstrengthwith | 5 o) ¢ | 5 1917 | 51033 |>-107.4
good data speeds
BB EAE S KAl 345 All rights reserved

TELECOM TECHNOLOGY CENTER http://www.ttc.org.tw



SS-RSRP 1.8 GHz | 2.3 GHz

(dlEim) Description <1GHz| &2.1 &2.6 |3.5GHz
Coverage GHz GHz
Threshold

Fast and reliable data speeds
may be attained but marginal
Fair data speeds with data >-102.8 | >-111.7 | =-113.3 |>-1174
dropouts are possible at
weaker signal levels.
Marginal or poor data speeds
Fringe with data disconnections | >-112.8 | >-121.7 | >-123.3 |>-127.4
likely to occur
Signal strength in which no
No coverage coverage is available to | <-112.8 | <-121.7 | <-123.3 |<-1274
consumers

4 kR ¢ ComReg
(=) BRAEF AR 5

5G ¥ ?Lfi R P~ (Fixed Wireless Access, FWA) Mt 5 i 4aigs,
PAFEAIT TEFF 5G T RS BH BRI BR%
’“"1‘#%%}5 16 #77% » @%Jm;w‘ 1% 5G 7 e Aok 3 A e
Mo sb B 2 B @R 0 S R A OBk B 5

RUE A fuik 25B

JJJ GE#

A EA A EB

W 5- 16 « 5G 4 5 4as 8 % #

FH KR A AR

(7

Feicisk @%J LIEAR Y 5G R € I O B R e T
LR B REE 2k T & 5G W BT R E 2 R
A 4 B2, (Vlrtual Private Network, VPN ) c3id if > #73 9% 1‘”’&*"? B 4y

TTC BTEEASE AP 346 All rights reserved

TELECOM TECHNOLOGY CENTER http://www.ttc.org.tw



‘ i §bkiiéﬁﬁ

£ ke R f;arﬂ 5- 17 #517 » FWA @ﬁi;];{ HEER
SRR T K R R BRSO RRAL CFEAFEIHS

A E P IIT AT N 2 F > FWA @#RE DT SRR
f‘ﬂﬁﬂf TR - ERERART UES S FPN m;{.%" z 5 e
(Powe over Ethernet, POE) 3k #% ~ VPN i d B ~ PIET "B 2R
BB B RS bR E N 2 f5 LS POE % # &7 4 FWA @

i
=

R A LRI VPN R F o VPN B d BRIIRIE T % 0 iR R R
BB BFIRER M o VPN ED B* k2 > [P sec VPN i if frie
B @i d SRR 30 EEALT UF 2B E S 0P # 0 g
lﬁ"_iﬁ T VPN Bod BByl o e B Rk o ez {r g 1o
RIFE ML & ehE LRI RFE BEE RRRFAES > REF ICMP

PING % 7] FWA o VPN . BEF 1 ¥ 1 17> ] VPN @ i @

EFr A o FEag $ T2 BRHOERRTH T8 56 {r 4G

gf‘? A AT TR e R enT A SG R BT R
0 e o PR R 1 TR A B R R G ePE 4 o

R
\\\\ B
«fi»
&L
; BN P
P Se— =

3R IR

]
POE £N
W 5-17 ~ 5G FWA 3532 I3 & 2 #
SR KR AT R
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&@ﬁ%ﬁ?ﬁﬁmﬁj’%ﬂﬁﬁﬂéﬁ iPerf3 il 3# @ iy 43
#]1% ¥ ( Transmission Control Protocol, TCP) fri¢ * —*‘ AT
( User Datagram Protocol, UDP ) iz fé e T TCP v UDP #t+#
BRI R T AP E 21 2 > B L Baok 5-15 997 o

% 5-15+ TCP 4~ UDP 4# % &
Ty TCP UDP
BB irﬁﬁ'{:}ji @ﬁ;fl ite »ﬁ WiE R é&ﬁ'{% @ﬁ;‘ﬁ—,? F e ‘fr’“'ﬁf
. N N T Ay i
R e R e T R R R F R P
7 U A E o
P FS AT AAAe] A | R F1E 7§ RE D BT

R 1 # .
B HR v EA ARG RTRE T ) A E R AL S R
' R E o %;}‘éﬁ,;’;o
pop |ERTETHFRESFT (FEVR|TELLARG T HUEFLOES
= @ﬁg]) o Cq=z) X
TR KR AT R

@ﬁ%:%?ﬁ’]’(% e 35 TCP e @ﬁ;f] RN @ﬁijﬁ & » UDP
FoH LR RN B R B HPF 4t e % % > UDP @45 A > UDP
@';%Jm Jitter ot ¢t € H BB R B F 2 FAH @ * P L F % F
S R FHRERT L ER B L THREERDF R R FEOF %
THOEENTAGTRA T REFERE CBRRCFROREZF AE
P B E 407+ % K Arduino ‘m_‘éfi)i),@_ BB s 4 Y o
BOBRARERT > IR A RS EF o ¥ by B 56 FWA %
%jﬁ%?ﬁﬁﬁj%@%ﬁﬁGﬁ%G&%éﬁ%?ﬂ&k%’%
5G #3# % 7 % & ID (Physical Identity, PCI) ~5GRSRP ~5G %+ i
54k fc 51 (Reference Signal Received Quality, RSRQ) - 5G % 54t
+ 3 se 2t (Signal to Interference plus Noise Ratio, SINR ) ~5G #g £
NR @ & 54 5 31 if %%. (NR Absolute Radio Frequency Channel
Number, NRARFCN ) -~ 4G PCI ~ 4G RSRP ~ 4G RSRQ -~ 4G SINR ~
AG 4~ ~ AGE-UTRA % ¥ & R T 5 13 ig %5 (E-UTRA Absolute
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Radio Frequency Channel Number, EARFCN) ~ 4G #4c i3 558 & 4p 1%
( Received Signal Strength Indicator, RSSI ) ~ 4G i i 5§ ip 1%
( Channel Quality Indicator, CQI) ° SGFWA & & } chF K% Y

BETFRATZ 0 E AR RIcT R FWA Bicd &g ik

Fts

H‘/T‘ FERATiE cnzb BEE SE BEIE 12 0 0 T U T R 1S A RUREAPF
Wk B FWARE AR " i pEs 3 giE
3 o

I E S @%]T%’i; SRR e "% 7 iPerf3 TCP 2 UDP @';%J
BRDPIFEAEETEE- K ER @%]5%@5.—‘ LRERRE K
dE 0 RIRARE & 45 Y1564 v RFC6349 » F] 5 it 4 (v 5 ff® *
PDH/SDH h 4 3¢ @ - F1ot &4l 3 34 F & 4 4c TDM over

*H ki PDH/SDH Filfre * i Tz B ot » £ #
TDM 4 B2 P38 & K ipl22 TDM fefeciff 2 fov * 14 o

(E)EERP

FEFP RG] 3 EML AR > 6 BB FARARIG AT
PR A2 T rE R oIS R T R T R KB T
B2 o B RO SEVRFET R CRAERFIRL
B sh BRSO BB A (5 % Z ol 4R b BERA S SG FWA %
g TN B ho A 5- 16 “7F o FWA T2 3% & M4 % 2
EEE TR EFEIEE L e llﬁfi*iéafﬂ@.tlﬁap e {5
RAEY o ¥ Z R AEL 0 F]L FWA £ 405G Ak £
T E AR EOSG Ak B A P EFEHE TR H5GHEE
FedE B AT 0 AT K- 5G FWA R & 07w B2 = 15485 chd 3
PIEE R ZEX AR 5- 18 ~ B 5- 19 B] 5- 20 #7517 » FWA #7131
SG ¥ & foc 2 B RS e 517 S -

-

TTC BTEEAS SRR 349 All rights reserved

TELECOM TECHNOLOGY CENTER http://www.ttc.org.tw



4 5-16 ~ 5G FWA § #3555 5o 5 o 4h5

ik AR ATRRAT | MARLEEAR | ABELUT AR IR

Frraies sk o 1.38 km 7

a2l 2R | 343km R B
3% | 8.32km AR

o WL 2
TERBE 2R N

X

AD PSSl (3 e 2 %
B 5-18~ Epckarai g kgl b # 22
RS o <31

o |

EHBERASEBNA : . Py
o ] 34.3km & SN S

W 5-19~ e 4 & g0l 2 gk sbbad
FH KR AE AR
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Bl 5-20 ~ Epcd T kb oLEip itk ak# 22
FH AR AR

% 5-17 ~ FWA i 42 5G £ ¥ 4 foficit = BLEERE

bR 7 F “k ~ 377 Az~ & a TR~ fafR
FERE L | g |2 IRRE) RSO 13 20 oy
= B Bh%- Ty Bhio| REERST (E2LpE
A ) ) A KNS ]
5G ## & e 100 =
Z#, if 50 = & 200 2> = | 30 = & 230 = & 130 =* =
o BEeNEESE g

FHE KR AE] R

B % % 1 SGFWA 5 T8k F 2 3% NUQ3000M 7% # -
ﬁﬂSMﬁﬂ%Aﬁﬁ’iﬁN%ﬁﬂﬂﬂﬁﬁﬁw%ﬁ%%518
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% 5-18 ~ NUQ3000M 1%

?Pﬁ J;;:V .
Bt @ R 5Gbps
TR 4 RJ45 (5Gbps)

B1, B2, B3, B4, B5, B7, Bg§, B12, B13,
B14,B17, B18§, B19, B20, B25, B26
LTE )_]; #;ﬁi{:ﬁ_ﬁ; 2 2 3 b 2 2 2
B28, B29 , B30, B32, B34, B38,B39,
B40, B41, B42, B43, B46, B48, B66, B71
N1, N2, N3, N5, N7, N8, N12,
N20 ,N25, N28, N66, N71, N38, N40
NR )_]; #;ﬁi{:ﬁ_ﬁ; > 2 > b 3 > 2
N41, N48, N77, N78, N79, N257, N258,

N260, N261
] 17 (£) %10 (%) x3.695
< (%) 2a

£pia e 08 = 7

A <30W

FHL %R © NUQ3000M 4 2

VPN j&d % i¢ * Fortinet f 7 2= 3 # > 35L& FG40F » ;- R
drd 5-19 #75% » 2 32 IP sec VPN 4r SSL VPN » pb =% 38 5k 3 ¢
[Psec il i Ho5V a2 = VPN $ 8B [P T4t @75 % 3 352 57
skt e o

% 5-19 ~ Fortinet FG40F .44

—— . ———

?}ﬁ

FiI:RTINET

B B R 1 Gbps
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Fﬁ;}—'@ﬁ% i 5 & RJ45, 10/1001000
M if 1 W if IPsec VPN #§ 200
Z = =P ig [Psec VPN #icg 250
IPsec VPN (512byte) &+ & 4.4Gbps
< 4 216 (&) x16 (%) x3.85
(#) 24
EyEd AN
WA < 15.4W

7L kR Fortigate 40F 242 3

%iééﬁ;{ﬁ@;%%ﬁﬁ FWA 2. #b3t g 2x® w8492 p o 4ol 5-21
SRR T bR e R B2 s LR R A AR B S
R B BT S AW 5-22 45T 0 A - b

7

o

-
st
o

3k

A BT A 4REL A BBk L 2% B R AF R AR A 2 15> VPN
Bed Tt % [Psecif if W58+ VPN i & kid = 3 a3 cmb 4 B 12
TR AT ‘nB,T*%erﬁ ble- BRBEREN  THAICT B

TP T RIEAR 0 BT B E LS B 5G FRE T RIRERE G o

Sensor

[EE 4

Bl 5-21 ~ 5G FWA 3333 # 8 4
FH kR AT I
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5G 5G
FWA_A FWA B
o B

LAN
VPN #%.d1 5 _A VPN #%&1 5 _B

FAL KR A R

Sn!‘

LRGE < P )

fd ki NP & R SRR T KRR L § L

CFERRE S RSP T B FF] S e
LR FE B

CF R (R EF T F AR FRE) g2
kFApT E® > ERPFFEFRP ST o BREBTR R §F L AT
hEF R E > XTI EAF Y A BRERIRIE
SEE AN RFEME S KA R RTE .

4 F

*

FRFIEAFI ARSI for T FA 4RI T B & R
Booo B € Sl Ak N g B ERTA G 0 BT gk et koo T ¢
M FHERIERIENRELE

10 ITU-R P.1817-1,
ptical links,2012/02

MEZEARRE KiTPL

TELECOM TECHNOLOGY CENTER

Propagation data required for the design of terrestrial free-space o

354 All rights reserved
http://www.ttc.org.tw



PP i B 3 R F BRI o BRI A B A T A
R AL g e H oo pl H At o) R R fodr st € ST
B @S P~ fTs R R hRE AR o B AR

01Hz 3| 200Hz 2. B & > j&n ¥Rk 5
oo PR @i K ek m ) 0 R LFAA & -
o

AR R AU A R S B i
EELaE T F]E SR g R R R B R i 4 s
BB P RES

R

PR PR ATR *F e FSO R £ 53Ttk 1550 nm o At =
%?v%%@503%ﬁaﬁkgﬁéﬁ%ﬁaﬁ%$m+,%ﬁ
B e g foiedg s M o+ ¥ 1% E FSO K &
Lo PR FERE L 650 2 % F|UL T U Lvh B o gt
FSOX & AP T #<Hhp MpELARAP T B> NWLHEEE
B o

FUREBAIR A 2 g BE TR T
EIRRICRUE ok -l &ﬁ Fﬁﬁ@ﬁﬁﬁﬁﬁki%ﬁ’}ﬁ'

v

’ﬁ%%ﬁﬂiﬁﬁ’}ﬁ?? r]+«"”§wau$ 3 S E R

TTC BTEEAS SRR 355 All rights reserved

TELECOM TECHNOLOGY CENTER http://www.ttc.org.tw



0, “0 CO, H,0 CO, O, H,0 Co, O, H,0 CO, Co,

IIIATEN N S O

100 .
80 — -
=
¥ or i
4
F 40l |
20 I -
by
ol UL ! ! LA |
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R (micrometers)
‘ Eai 2 ‘ P4 o aR ‘ DY 1
[« e >«

P1817-01

F5-23° 4§ 58030k

:Fl‘&?f'l‘ % &  ITU-R P.1817-1
428 0 iPerf3 TCP 1 5 7138 4 % 4B 5-24 “77 » TCP W #438 A&t
A BAET KRBT R R BEE R OS F RS RSB R
l:‘l%‘?@@] EE BT 99%r ¢ mEﬁF’&@ﬁiﬂ«?}i%%“ 2330Mbps > @ﬂkyﬁ%
T FRITRIE R MeeikiE o 2 B FSO K & 42+ 1 iE 7] 10Gbps g
B B iRl ey AALRIGE T e T R AT B R A

T 15 ded 5220 H e

BB EAE S KAl 356 All rights reserved
TELECOM TECHNOLOGY CENTER http://www.ttc.org.tw



TCP L@EESHE

. 100% w EE AL 100% &
& | EE RS 88.89% -
B 80% 80% ﬁ
1
B 60% 60% o
&
3 40% | 40%
&
a
Y 20% 20%
O
0% — — —— el % F
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
TCP L{#3%E [Mbps]
TCP THEES #HE
_ 100% 100% &
g 87.24% | B
B 80% Pl 80% =
1
B 60% | e0%
&
ﬁ 40% | 40% g
5 ‘
Y 20% 20% K
O
0% — ———— | 0%

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
TCP FT#i#E [Mbps)

®] 5-24 - FSOTCP @@?]iilié\# 1]
TR KR A R
#% 5-20 ~ FSO TCP/UDP @ i:¢ B T 35
RIFE> 54 | T3E (Mbps) | 81
TCP + it 2348.40 40.88
TCP = § 2348.21 42.68

FHRKR D AP ER

% 1 FSO &1 TCP/UDP féﬁ%lﬂ?-?‘}% Bl4cB] 5-25 #7170 > W Ap b TR
#E o 47 > 125 2 TCP/UDP @& ﬁ%ﬁriﬁr—iﬁ‘";ﬁi & J B By cnRE o B
TEEEE R E G A &R ?ﬂi B R R R D - e R ] € X
’ —kﬂ\%‘f‘ E R LR TR - HAREERTF R

BAc J‘i’.?b#a‘%s‘iﬂf’jﬁgéi HE R RELORERE li
Kgﬁqu;-{,%x’/fj T “{i‘ Ff AT AoB 5-26 7

A m 4

FlE ARBIFED T SHRE BRI BRBIIIR #EL R
Bosp7lenh # §RFSORAE A 2 # > Fa & FSO 4t LA

2,

—3\%; 2—%3?5 i;;&gg FSO ﬁjf@%ﬁ]lﬁﬁ‘%ﬁ{ y W {gﬁf@ﬁ%ﬂ}i’t K§ o

)4

BTEEAS SRR 357 All rights reserved
TELECOM TECHNOLOGY CENTER http://www.ttc.org.tw



uDP l?@ﬁs?lm/}?]?é'ﬂé iPerf3 BIEACRE PR 4L > #71 R IR A JE 2
e TR G 2460 k1 UDP W 045 ¢ 4 Rcif>t TCP
B o T FSO enid i & 4 471 TCP @43 5 2 -

Y

SR 3R Y RIRRE R rdapk w2 B TCP @lﬁ;f]_‘:‘ B %% FSO %
% Era N icfe kit % S TCP @i ot BlRE 7 AR 7
R E 99.9% -

FSO TCP/UDP ik s 1 8

5. =
Ay
-4 _g-
= 1K
s
=4 OK
P
i
az TCP# & & T ¢
a < WL /% s
2 oK TCP% 4 i K F
=
Hep 1500
T8 1000
=
8= 500
=
=y
Hep 1500
Z8 1000
s
&= 500
=l -
E
E

B
BN
o o o
-
—
~—
-
=

= 10
E] 0 l | 1 1 I i 1 1 J |] I
— 30K
E

kv 20K
= 10K
- OK
2 10
w2

X 5
o

= 0

120 8A17( 8 110 107]11¢
Tlmestamp[ZOZA ]

®] 5- 25 ~ FSO TCP/UDP mzf] #FEFE B
FTHKR: AEy R

BBEAE B RATDD 353 All rights reserved
TELECOM TECHNOLOGY CENTER http://www.ttc.org.tw



FSO TCP {38 e/ P it/ 7 8 A A L FEE 250 e B

F ‘ —
B ~

z 1K oAy

-;: ke TCPA i3k X F 1%

= oK TCPA4 $irik & T % :
é 2K o ]
E oK

A N (LR |

0.55 [EROSYHBES
0.20
-0.15

RPN [

(5T
[mm]
I n
o (=] (=}
R
—
B

»
=)

30

12 | L llAll I e { ll

7H28H 8H2H 8H7H 8H12H 8H17H |[8H22H 8H27H 9H1H 9H6H 9H11H 9H16H 9H21H 9H26H 10H1H 10H6H 10H11H

it [mm] | REGEEH RIS | G0

R i B

¥ 5-26 ~ FSO TCP @i B/ £/§ REABE R AP A
PR kR A R

"3 % iPerf3 Rl HcHR L thow R X RRRIE R BRGE
73 Y.1564 {o RFC6349 iRIzE R cnge it & R 0 Y.1564 1 & H 444
LmP@ﬁﬁﬁ%ﬁﬁ%mw@@£ﬁ%ﬂrp@ﬁﬁﬁ@ﬁﬁbvwm
SRR S dod 5-21 % o AR 4fe i 4 chiR T UDP Rl3Ri#
& %_10 Gbps * @iﬁi%JiE BAE T o

% 5-21 ~ FSO 4&8 Y.1564 P32 % %

Latency o
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# 5-22 ~ FSO 4&5 RFC6349 ]38 %

MTU Minimum RTT |Ideal throughtput |Actual throughput|TCP Efficiency |Buffer Delay
(bytes) | (ms) ( Mbit/s ) ( Mbit/s ) (%) (%)

1500 0.014 9414.8 9414.8 100 10.22

FH kR A

H%TM%%&&W"&@P@%EEPUENS@@Wﬂm

(Synchronous Optical Networking, F # % % 4§, ) STS-192 &%

i# & (9.953Gbit/s) o i * R PR R BPES 8 AT STS-192
%ﬁﬁ%@%m’~iM$%@w;m$@&L@4m

(=) % PR 4B R Rl B & T

47 ITU-RP.53022 3% 2 7 4od 2K 248 & ARFE & S 3 R 3
BB RGO LR T FR AT R - £
# 41 m@%ﬂ EET . W BRSY @il AR R o S A F
FRAADOR R EZ A F R AVITHAL DI RIS A R
$ildeend R He S A G F S lAe it BSR4 R R
HT 2%a X F 7 hFRIERs Ao od B s L7375 R 13
ST BB Pl A e MM F A A AR o

<

3

Hoe v a g 85 5 ¥ anFHRSE Rl Aech® R B 7% 3 10
GHz v+ z #g 5> ¥ b4k v 2 3 17GHz 7 H 5 » B2 50k
G A R AMDTRL A F AR T B S e F g
10GHz 127 L7 82 U8 % AT £ » i3+ B8 B 4kehi B RB e 5 &
BIRITIGF R R A2 @%lééﬁ*‘ LR S 2t
FAAR ] FRIAR RIS T e o

AEFRNLEREERARE S FARERER A U
A AaR o a3 B 2 gy (8 RSN B 2 Bk
AR NRT AT FRAEFLRFA S THEFRLE
F A 17 2 A0 B a2 TR

TTC BTEEAS SRR 360 All rights reserved

TELECOM TECHNOLOGY CENTER http://www.ttc.org.tw




¥ % 5.8 GHz # 34 PR BLc i s7d 8 7 1 p B 40 A crip)
RHCHE PR Bl 4o B 5- 27 #7w 0 A=RIEP § 5 TCP 2 UDP & féid
BiRE s X2 L kR R TCP 2 UDP & Rl & &

MRS A E TR W R R 2 oy SRR B A § P
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journal/tja-v63-n1/a391

BB EAE S KAl 401 All rights reserved
TELECOM TECHNOLOGY CENTER http://www.ttc.org.tw



® [FEi- »1993-2000 & Hp o IRAEHE Y T ARPRFR B o
el LA ESLF R AT ARG RR T
Trlic = TR s BB F R s - H o

® FrE- > p2001-2007 EHRF o AR Iy AgHEEE A
HAOPER o FO it b g & B SR ol TARLIRTE 0 f
TFRN L RFAFEFRE AR -

® FEELZ s K _2007 & BALHEE Kk pdofm BB A TR
L BRFE TS RAAE R BT AL TR A X T
Fawfir o TP PR LR P TR

R AR 2 o E o

d B 5-53 VAFEKIAELTT BRALERD A% S,
d feEd MEE AT A BAAFAMEE AL E A(d )fr B
(Fd) % ¢ P RRBEA RN 126MHZ 4 5 =8 o i H 7
Fo it ﬁiﬂx%ﬁ? WE RG] G Teeh— B H S P B W he S
ERABIE B L BNt R R T EIRF ORI G EHT
FoF R R FER oA F A TP O EREFRF 2
HE 2 £ B R0k R 15 B R AR BT et 520-694 MHz 1 ) IMT
APT 700 #2 £ 703-803MHz » £ 112MHz ¢ 7 s (s g g > 2 1+
LAIE AT > hoB) 5- 54 o

PR E Y k2 B %@ R en 700 MHz # 3 A feg? APT
J00MHz 3k » 5 A BAE =1 { o d 3 v e £
B (108MHz) £ & (72MHz) 2 % § 5453 5 b PF 5 T ALIRIEHE

AT pe R A0 5B HEPRIR R B s > YRR Z
- B UHF X 88 %% $g7 5 JRI: > v L v AR il E Jid o~
F] APT 700 MHz #f 3# 3+ 4l eh 7 0 JE18 23 R oigi» > v * ¥
BHRRELE -

TTC BTEEAS SRR 402 All rights reserved

TELECOM TECHNOLOGY CENTER http://www.ttc.org.tw



MEFAREL GO RER L N E- s A S
TR S LRGN E EEARTE S AP DA KT
R e ZREDZ WAL F L o

T
1

Areaserved | | o lalsle|= | [alals [s s ale [s[s s |8 | alelslalzlzlale s 2ol s ulols s|8 o 88
WIDE BAY i

Hervey Bay 1

%
£l
10
i1
12
43
[ar
=
7
45

Murgon 1
Gympie
Noosa/Tewantn

Gympie Town

Nambour

SUNSHINE COAST Il
c n

DARLING DOWNS t [

Bell

Mies
TOOWOOMBA
BRISBANE T
Boonah |
GOLD COAST
Currumbin

Gold Coast Southem
SOUTHERN DOWNY ]
Warwick
Goondiwindi

Texas

RICHMOND/TWEED | [II[I. !

W 5-53~ iR AL ffothide %ot TR E
TR kiR - Telsoc

&
& ol new &

9 generic lots of 2 x 5 MHz in the product
Mid-
A |B |C |[D |E |F |G |H |I |band|A |B |C |D |E |F |G |H |!I
gap
803
703 MHz 748 MHz 758 MHz MHz

B 5-54 ~ ;&4 700 MHz 47 3 £ # ¥ P8 B

FAL KR ¢ Telsoc ~ &332 ic

B AS BT 403 All rights reserved
TELECOM TECHNOLOGY CENTER http://www.ttc.org.tw



o EHE AR

HERANE D - folendjsfe™ 2 > Bola T oFdd g ki
2@ 3R R & (Carrier Aggregation, CA ) o i 3 (E-UTRAN New
Radio Dual Connectivity, EN-DC) o ip FFAF R ARRERFR Y §
f@;ﬁg,ﬁh KA E (S gfmy}% o pb b 5 HE Fﬁ€#1§@ k4 ‘i’}ﬁﬂ’{?
ﬁﬁ%ﬂ%ﬁgw%ﬁﬁ%@%&ﬁﬁ?éﬁJ’ﬂ&%%ﬁﬂié%
= i‘ﬁ'ﬁiﬁ,biﬁ%iﬁl}ﬁjﬁ'% e o

(1) RIFAFE L fe f;ufg:f;] T AT gjaﬁ%] » 4 700 MHz ~
35GHz » 8 7R & » - 7 ¥l MOEER > P R E o
(2) f 4R & IRFFHFTFIE © 404G LTE ~ SGNR % o
(3) iRypfm> iﬁ*ﬁiﬁhﬁ*m"é’ﬁﬁﬁﬂﬁﬁﬁﬁ»
( Dynamic Spectrum Sharing, DSS) ~ # R4 H £ # % -

FRAPP AL L k45 2015 & ITU B2 R pAp#F 2Lp 24
AHRL T iR (Bl R SR ) #fFaag e TR

LY B G B EA PP A AT 5| & pF ik m#a%ﬂ’arf@ﬁp

| 3E °7H51§J~7 + ,%\;x J'F'uﬁ ,}FZ{ }lf*/i‘ﬁ'{‘g’l e
MAaEE I FRATHFILE Y LR 1 fE
w2 pHFEH o

P A AZFTERNY

iR L EN R E

(-) FRIFFLH

FRBHFIA TR AP TaREGIRBIHEE €374 M8 {
B AT E TR ATIR IS i AR c T A SRR * S LW FEEA N 7
% 'ﬁq% ‘J‘\E"F’E&_@% Ptbag% ﬁ_p:;‘_f °

MEE RREAEES T GSMA SR A £ # BT (B &

TTC HEzAREREwGEL 404

TELECOM TECHNOLOGY CENTER

All rights reserved
http://www.ttc.org.tw



f;*tﬁ@f‘JﬁP'fi‘?’i") 3-4 &) O g e I 2 ATA fefef ens

VU AHER KT AALE A R T o R R e S

LEFOTRFRABREF RS BARFROFHEP ST H T

P A g B E RO H R AT PR 538 4 U R R

RERLE ARG P ALY R EBH P ERG FRAHR

%#mﬁﬁ*ﬁmmﬁ’H%{%émwﬁli’w%ﬁﬁi%ﬁ#
» GE L IR o S M B T MR BAE

e 2 S KR H '“@*’%*ﬁ“f‘ﬁé?’éﬁ i &
KiF g p E/ii)i’?f BPRFE Roinit HH R
R R L PR BREE o Rk (B R (et B
FRPR) AU P DA R R TR 3 GSM A i A
%tﬁﬁ;’i'ﬁﬁf’ft%ﬁ Pan e R IR AR HEY e 2 H R T
FREORHTA THAF R F A TR bl TR EV A
1800MHz #gz# ¥ 12 4~ #g g1 (Frequency Division Duplex, FDD ) 2.
LTE B~® GSM » fe % 4t e | @80 L 4P (Time
Division Duplex-Broadband Wireless Access, TDD BWA ) $jirenig * o

ﬁﬁﬁ#ﬁ@@ﬁﬁﬁéﬁﬁﬁ ARG T REEEN RS K
SRR EMMIEF e HRITEFH R F o AAMF RN E
%?c?ﬁﬁ%ﬁ%i%ﬂﬁﬂﬁi#ﬁi o PR3 e - B AR
PR FEFRPH IS F L LA LT EEF A T RS e
B o

4W&€%k@A&W*%ﬁﬁlﬁ%ﬁ%@%wgﬁgm
ITU RR #74] 2 2. & &R T A4 5 2RP] F@é ﬁ?*3“iiﬂwﬁﬁﬁiﬁc
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wfa o ¥ ¥ 4244 2. MRO ( Maintenance, Repair and Operations )
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2. &#MT 4w 2 & B (Technologies to enhance the radio
interface )

3. @ ARk 8 24t £ (Technology enablers to enhance the
radio network )

E1 #&* (Smart industrial applications )

e > it B ¥ AB4ak (Digital health and well-being )

g 917 g % (Ubiquitous connectivity )
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133 Nokia. (2023). Spectrum for 6G explained. https://www.nokia.com/about-us/newsroom/articles/
spectrum-for-6G-explained/

134 Ericsson. (2023). Ericsson mobility report. https://www.ericsson.com/en/reports-and-papers/mob
ility-report
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5G 5G-Advanced 6G
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High quality video (I: D) XR - fully immersive
e transmissions
(4K-8K) user experience

Broad based digital twins

Object driven —\ Large scale digital
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(e.g. an engine) (e.g. a vertical farm) updates (e.g., smart city)

Provide precise location K with a 6th
and timing services that Setiork Wit al0F Sense

complement GNSS

» @ @

Data communication
oo and control

2019 2025 2030
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135 Nokia. (2024). Transforming the 6G vision to action White paper. https://www.bell-labs.com/
institute/white-papers/transforming-the-6g-vision-to-action/#gref

136 Dropmann, U. (2024). The golden bands and the future of 6G Nokia blog post. https://ww
w.nokia.com/about-us/newsroom/articles/the-golden-bands-and-the-future-of-6g-0/
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137 GSA. 5G spectrum. https://gsacom.com/5g-spectrum/
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138 Next G Alliance. (2022). 6G technologies. https:/nextgalliance.org/working_group/technology/

139 Nokia. (2024). Transforming the 6G vision to action White paper. https://www.bell-labs.com/
institute/white-papers/transforming-the-6g-vision-to-action/#gref

14 NGMN. (2019). Non-Terrestrial Networks Position Paper. https://www.ngmn.org/wp-content/u
ploads/191209-NGMN-Non-Terrestrial-Networks-Position-Paper-r1-1.pdf
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148 MediaTek. (2023). Satellite and terrestrial network convergence White paper. https://d8602zu
8ugzlg.cloudfront.net/mediatek-craft/documents/MediaTek WhitePaper-6G-Satellite EN0523F.pdf
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—— . Construction sites
Natural disasters

Mountains, forests &> Fixed line (providing services as backhaul to terrestrial networks, etc.)
s s
and farmland Mobile system {providing services directly to terminals or via repeaters and relays)

W 6-27 ~ HAPS 7 #

Ghit/s class
~10 Gbit/s
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| 2 oo e ‘W
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| o i bandwidth
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9 ) ke
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E
: T Y
o — ~10 Mbit/s
! : ‘# z 10 MHz class
Marine & airborne  Coverage in = bandwidth
coverage remote areas
Wide area 10T Disaster 9 5
countermeasures Y
Mbit/s class

¥ 6-28 ~ HAPS @4 3 F
¥ 4L % & : Hokazono, Y., Kohara, H., Kishiyama, Y., & Asai, T. (2022) , Extreme
coverage extension in 6G: Cooperative non-terrestrial network architecture integrating

terrestrial networks. IEEE Wireless Communications and Networking Conference,
138-143.

B 6-27 #7157 149 HAPS s 7|3 6 1 6G $5 0 et > A5 7 4 4
fenz w R Fae o TN Ao HAPS ¥ 00 ie» 434528 (#4559 ~

149 Hokazono, Y., Kohara, H., Kishiyama, Y., & Asai, T. (2022). Extreme coverage extension i
n 6G: Cooperative non-terrestrial network architecture integrating terrestrial networks. IEEE Wir
eless Communications and Networking Conference, 138-143.
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130 Hexa-x project. (2022). Targets and requirements for 6G - initial E2E architecture,https://hex
a-x.eu/wp-content/uploads/2022/03/Hexa-X WP1 D1.3 Summary-slides.pdf
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[
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PAREOE B NS FR R EF AL EoR Bk
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51 NTIA. (2023.) Background and question to the Commerce Spectrum Management Advisory

(CSMAC), Subcommittee on 6G communications. https://www.ntia.gov/sites/default/files/2023-12/

6g subcommittee final report.pdf

152 ITU. (2023). World radiocommunication conference 2023. hitps://www.itu.int/wrc-23/
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133 GSMA. (2023). Spectrum policy trends 2023. https://www.gsma.com/connectivity-for-good/spe
ctrum/wp-content/uploads/2023/02/Spectrum-Policy-Trends-2023-1.pdf
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134 FCC. (2023). 6G working group position paper. https://www.fcc.gov/sites/default/files/Consoli
dated 6G_Paper FCCTAC23 Final for Web.pdf
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155 Federal Communications Commission (FCC). (2023). Globalstar and Apple SOS service, htt
ps://docs.fce.gov/public/attachments/FCC-23-22 A1.pdf
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159 Ericsson. (2023). 3GPP technology for satellite communication. https://www.ericsson.com/4a4
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greater emphasis on the integration
of terrestrial network ( TN )
communications and non-terrestrial
networks ( NTN )
communications, will also change
the demand for spectrum resources.
To more effectively prepare for
future 6G spectrum usage, this study
proposes three strategies to handle
the existing spectrum bands:
harmonized sharing measures,
frequency migration measures, and
cessation measures. Through the
comprehensive application of these
three measures, spectrum utilization
efficiency can be significantly
enhanced, providing ample
spectrum resources for B5G/6G
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development. This approach not
only addresses the issue of spectrum
resource scarcity but also promotes
the rapid development and
application of  next-generation
communication technologies.
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Research on mobile communication spectrum planning and application

strategies
Chun-Ching Wang, Yi-Chun Hu, Shao-Chi Lu ,Ethan Lin
182151, No. 1821, Zhongshan Road, Luzhu District, Kaohsiung City, Taiwan
2-4Telecom Technology Center, New Taipei, Taiwan
Email : t90261@tsust.edu.tw

Abstract

After 56 communications emerged and flourished in early 2020, the world has recently focused on developing next-generation mobile
communications technology, candidate frequency bands, and application scenarios. 56 mobile communication technology has begun to
increase the use of mmwave spectrum resources above 24GHz, This study proposes three strategies to handle the existing spectrum bands:
harmonized sharing measures, frequency migration measures, and cessation measures.

Keywaords: mobile communications, spectrum resource, spectrum policy.

Methods

The international community is actively promoting the standardization of 6G technology and discussing the future development of 6G.
Frequency coordination and use have become the key to realizing 6G technology. Countries use the ITU, 3GPP, other international and regional
organization, and industrial (Nokia) platforms to ensure that spectrum management and 6G technology development proceed simultaneously.
Besides, Industry’s planning map of 6G potential spectrum and 3GPP 5G evolution to 6G Release version timetable are as following :

e
Refarming bands from 2025 5&'
New bands for 6G 4G/56 to 6G Aduanced’}
7 - 15 GHz for urban capacity mmWave REF‘WSE 19 Project
i it reeze i
pith exsting at 24 -52 GHz wide 6G
base station sites 5G Studies in
470 ~ 690 MHz Mid-band TDD 2026 R21Timeline  Advanced Release 20
for extreme coverage at 2.5 -4.9 GHz decided no later
S0 S0 than June 2026
= z
for sensing and short range atngobf;ganDﬁHz
Niche use cases
Release 20
2027 &\\\ Freeze
The execution flowchart of this research as following :
et s
Literature :::nernatinnal Observ.e Spectrum policy resource Provide a refefen;e for
Investigation [ St > Industryviews =B pcervations [ preparation  [~#| telecommunications
organizations on 6G i authorities
7 &Planning
promoting 6G
Research results
3300 3570 3610 4200
Satellite Communications
TAIWAN Mobile broadband services (‘iu.::;j
Z Fixed communication point-to-point Microwave
3700 3800 3900 3980 4000 4200
ool Af block | B block | cf block | Guard Fixed-Satellite Servi
STATES requency bloc| ocl ql y blocl band ixed-Satellite Service
3680 3720 3760 3800
UNITED Vodafone Telefonica
EE
KINGDOM Shared by both sides
3400 3440 3480 3520 3560 3800
JAPAN Softbank NTT NTT KDDI Softbank
3300 3400 3500 3600
Indoor China Telecommunications Corporation China Unicom
CHINA China Telecommunications Corporation,
— China Unicom, China Broadnet Shared by both sides
( Three-party sharing )
 H ized Sharing M l F Mi M B Cessation Measures (not used)
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