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This  study investigates the trends in CNSi
(Communication, Navigation, Surveillance, and Information)
technologies to support the safe operation of Urban Air
Mobility (UAM), an emerging future mode of transportation,
and analyzes the new frequency requirements according to
the stages of commercialization. A comparative analysis of
the Concepts of Operations (ConOps) from the US (FAA),
Europe (EASA), and Korea (K-UAM) reveals that while
existing aviation CNS systems will be utilized in the initial
phase, there will be a gradual evolution toward dedicated
UAM technologies. Notably, Korea distinguishes itself by
actively considering the early adoption of 5G/LTE aerial
networks as auxiliary means for communication and
surveillance.

The analysis by technology sector indicates that new
frequency demands for navigation and surveillance are
limited, as these fields are expected to utilize existing
aviation frequency bands or integrate non-radio sensors
such as vision and LiDAR. Conversely, communication 1s
identified as a critical resource for vehicle control and
information exchange, with frequency demand expected to
fluctuate significantly depending on flight density and the
introduction of remote piloting. This study calculated
communication frequency requirements by modifying and
applying the methodologies of Railway Communication
(LTE-R) and ITU-R to fit the UAM environment, where
vehicles operate within fixed corridors.

The results predict that in the initial commercialization
phase, characterized by a limited number of vehicles and




onboard pilots, approximately 8.71 MHz of frequency
(combined uplink and downlink) will be required. However,
in the growth and mature phases, which involve high-
density operations and necessitate high-definition video
transmission for remote control, the requirement 1is
analyzed to surge to approximately 57.61 MHz. These
findings suggest that establishing a proactive spectrum
acquisition and supply policy is essential to support the
future expansion of the UAM industry and ensure safe

unmanned operations.
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Communication —

131.55/136.9 MHz

Data ACARS VHFE
Communication — CPDLC VHF/Satellite
Data

Surveillance

Primary Radar

1.3-1.35 GHz

Secondary Radar

Surveillance SSR 1030/1090 MHz
Surveillance ADS-B MHZ}S’?SMHZ
Surveillance TCAS/ACAS 1030/1090 MHz
Surveillance Mm&ﬁ%“o“ 1090 MHz
Navigation VOR 108-118 MHz
Navigation ILS Localizer 108-112 MHz
Navigation ILS Glide Slope 329-335 MHz
Navigation DME 960-1215 MHz
Navigation GPS L1 1575.42 MHz
Navigation GPS L2 1227.6 MHz
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Step 2: analyse the collected
market data

Step 3: compute traftic demand by
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RATG No. 1 JRATG No. 2 RATG No. rat

Step 5: determine system capacity
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Step 6: spectrum requirements for
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1. Cell environment considerations

S

2. Classification of

communication devices

3. Segmentation of railway
communication service

4. Configuration of each service
traffic characteristics

5. DL-UL traffic calculation —1

6. Required bandwidth calculation

7P QA 9 g3 Al AE9S TIeeR dto] Haw BHle
A 7lEes W 2km oo Huj AxF WY E A H:
Ags AARRt Ha 2YAY Ve 5= Rkdske] 2012 W 22 of ~

2022 36 = A=

- <je] A A sk Eesel] tig vAage MER 1 <

Aot 1L AT 52 E8ste] AL
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hyA z] T =3 =2 a E
3 15, =S A Muls T/ 3 54 [20]
Services classification Data rat
- - - a rate Transmission period Delay time Priority
Service Detail of service (kbps)
T ission of train speed
Train Control ransmission o frain spee 12 Real-time 35-280ms Vital
control
. Safety support using . . §
Video detection System i 500 Event of Train entering 0.5£0.1s Vital
platform video
Commander communication 456 Traffic generation basis 0.5+0.1s Vital
Operation & maintenance Station communication 45.6 Traffic generation basis 0.5£0.1s Vital
of train Portable communication 45.6 Traffic generation basis 0.5+0.1s Vital
Vehicle communication 456 Traffic generation basis 0.540.1s Vital
Railway customer service Vehicle passenger service 13.75 Real-time around the station 0.5+0.1s Non-vital
Tracking cargo movement path 14 Real-time around the station 0.5£0.1s Non-Vital
Freight information on e yra—— -
-t 1
management cartime formation 14 CY-site limited 054015 | Non-vital
confirmation in CY
) . Crossing control information . . L .
Railroad crossings system 14 Crossing adjacent region limited 0.5£0.1s Vital
information system -
Crossing observation system 2000 Crossing adjacent region limited 0.5£0.1s Vital
Ay z] T S Zz=2 1 E
# 16 Aedd BFPA Mujs F7 % 54 [20]
Services classification Data rat .
- - - ala rate Transmission period Delay time | Priority
Service Detail of service (kbps)
Train control Transmission of train location 12 Real-time 35~280ms Vital
Real-time train status monitoring 2000 Real-time 35-280ms Vital
Monitoring of running Railway infra monitoring 14 Real-time 35~280ms Vital
train status and
. Railway device monitoring 14 Real-time 35~280ms Vital
railway device
Railway safety device monitoring 14 Real-time Is Vital
Safety maintenance using vid .
ALy mamenanee using video 2000 Event of response absence 0.5+0.1s Vital
within the cab
Video detection system Safety maintenance using video 0(2012) . .
. . Real-t 0.5+0.1 Vital
within the vehicle 2000 (2017-) catime s e
Propagation at the event of accident 2000 Event of accident 0.5£0.1s Vital
Commander communication 45.6 Traffic generation basis 0.520.1s Vital
Operation & Station communication 45.6 Traffic generation basis 0.5+0.1s Vital
maintenance of train Portable communication 45.6 Traffic generation basis 0.5+0.1s Vital
Vehicle communication 45.6 Traffic generation basis 0.520.1s Vital
Railway customer service Vehicle passenger service 13.75 Real-time around the station 0.5£0.1s | Non-vital
o . Tracking cargo movement path 14 Real-time around the station 0.5+0.1s | Non-vital
Freight information Realtime i -
i 1}
on management ea-time miormation 14 CY-site limited 0.50.1s | Non-vital
confirmation in CY
Railroad i . . . . T .
. Ao Vcrossmgs Crossing control information system 14 Crossing adjacent region limited | 0.5+0.1s Vital
information system

@D Z AH& By 54 2 gt

- dloJg AH]xe] EAS Session Arrival Rate, Service

Service Priority & -&8fo] 25
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- Session Arrival Rate: 3 £4

- Service Activity: AA| A|7F F

- Service Priority:

Axz]o] A=A o

S Aulze] AFeRst 57

|=]
5

ERE R

3 M| 7F AlSE = AR WS

So) Qs A4

17 A=A FF A dHely EdE 54 % gebvE [20]
Service name Data rate (kbps) Session arrival rate Service activity Service priority
Train speed control 12.0 1.0000 1.0000 Vital
Service for passenger 13.8 0.0458 0.1250 Non-vital
Tracking cargo movement path 14.0 0.0417 0.0366 Non-vital
Real-time cargo handling information 14.0 0.0417 0.0366 Non-vital
Crossing control information 14.0 0.0153 0.1944 Vital
£ 18 AREAN 4P voly EdT 54 2 shevy
Service name Data rate (kbps) Session arrival rate Service activity Service priority
Transmission of train location 120 1.0000 1.0000 Vital
Railway infra monitoring 140 1.0000 0.3333 Vital
Service for passenger 13.8 0.0458 0.1250 Non-vital
Tracking cargo movement path 14.0 0.0417 0.0366 Non-vital
Real-time cargo handling information 14.0 0.0417 0.0366 Non-vital
Crossing control information 14.0 0.0153 0.1944 Vital
Electronic monitoring 14.0 0.0153 0.0269 Vital
Signal flag 14.0 0.0458 0.0017 Vital
Relay device 14.0 0.0153 0.0017 Vital
Induction device 14.0 0.0153 0.0017 Vital
Shunting signal 14.0 0.0153 0.0023 Vital
Shunting indication 14.0 0.0153 0.0017 Vital
Course indication 14.0 0.0153 0.0011 Vital
Railway switcher 14.0 0.0153 0.0017 Vital
Axle temp. detection 9.6 5.0000 0.1067 Vital
Obstacle detection 56.0 5.0000 0.0183 Vital
Drag detection 64.0 5.0000 0.0160 Vital
‘Weather monitoring 64.0 5.0000 0.0160 Vital
Rail temp. detection 64.0 5.0000 0.0160 Vital
Tunnel alarm 64.0 5.0000 0.0160 Vital
Line crossing detection 14.0 5.0000 0.0731 Vital
Track divergence device heating 14.0 5.0000 0.0731 Vital
Machine room monitoring 14.0 5.0000 0.0731 Vital
Safety switch 14.0 5.0000 0.0731 Vital
Earthquake monitoring 14.0 5.0000 0.0731 Vital
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7 > 2= o ¥ E <]
3E 19, AETA A/stEa S84~ BT 54 2 sev g [20]
S ] 2012 2017 2022
Service Data rate Voice activity Erlang/ Call N f Ni f Ni f
.Namc (kbps) (Omni- )l Jser blocking Number u"_] Ud Number um nd Number um nd
: direction) rate of UE require of UE require of UE require
channel channel channel
Commander 456 038 020 0.001 2 13 30 15 36 17
communication
Station 456 038 020 | 0001 78 29 89 32 100 35
communication
Portable
45.6 0.38 0.10 0.001 35 11 35 11 35 11
communication
Vehicle
o 45.6 0.38 0.10 0.001 66 13 90 17 108 19
communication
Railway police - -
) 45.6 0.38 0.10 0.001 5 5 5 5 5 5
device
— - - = o = 3
3E 20, EEA SR A AN~ EYE 54 2 vy [20]
Data Session . .
. . Service Service
Service name rate arrival vt iority
activi rori
(kbps) rate ¥ P
Video in
500 1.0000 0.3333 Vital
platform
Crossin
.g 2,000 0.0153 0.1944 Vital
observation
— - . o = -
21 AEFA AEHEA AN~ EYE 54 2 vy [20]
Data Session . .
. . Service Service
Service name rate arrival activit iorit
VI rLort
(kbps) rate Y P Y
Real-time train .
o 2,000 0.2500 0.2000 Vital
status monitoring
Safety video .
L 2,000 0.2500 0.1000 Vital
within the cab
Video in platform | 2,000 0 1.0000 | Non-vital
Safety video within Vital/
¥ video 2000 | 02500 | 0.5000 )
the vehicle Non-vital
Propagation at the .
pagaton ¢ 2,000 0 1.0000 | Vital
event of accident

(b -3 EFY A=

- 7} AEd Ed 2 ofe) A2 o] 3ol

e

Data Trafficgeryice = Datarateseryice 27 [ service ™
Session Arrival RategyiceServicex Acticityservice
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22. A% Ay g Eg

NS

ALt Az oA (2012) [20]

UE Classification Data traffic| o el Priority
(kbps)
Train control 7333 Data Vital
Train driver voice communication | 2253 Voice Vital
Platform video for train driver 1,200.0 | Video | Vital
Train cacw Voice 2253 Voice | Non-vital
Video 5.2 Data | Non-vital
Station crew 502.5 Voice | Non-vital
Maintenance crew 190.6 Voice | Non-vital
Freight train 0.3 Data | Non-vital
Crossing device 0.04159 | Data Vital
Electronic monitoring 0.00574 | Data Vital
Signal flag 0.04950 | Data Vital
Relay device 0.00037 | Data Vital
Induction device 0.00183 | Data Vital
Shunting signal 0.00684 | Data Vital
Shunting indication 0.01467 | Data Vital
Course indication 0.02151 | Data Vital
Railway switcher 0.02823 | Data Vital
Earthquake monitoring 5.1 Data Vital
Axle temp. detection 5.1 Data Vital
Obstacle detection 5.1 Data Vital
Drag detection 10.2 Data Vital
Weather monitoring 5.1 Data Vital
Rail temp. detection 5.1 Data Vital
Tunnel alarm 30.7 Data Vital
Line crossing detection 5.1 Data Vital
Track divergence device heating 204.8 Data Vital
Machine room monitoring 10.2 Data Vital
Safety switch 81.9 Data Vital
Railway police Video 0.0 Video | Non-vital
Voice 86.6 Voice | Non-vital
video within the vehicle 0.0 Video Vital
CCTV around the station 0.0 Voice | Non-vital
Total 35379
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¥ 23. A=F2 g a EYE AL A3} oA (2012) [20]

Data traffic
UE Classification Service Priority
(kbps)
Train control 531.5 Data Vital
Train driver voice . .
L 2253 Voice Vital
communication
Platform video for
L 3,666.7 Video Vital
train driver
) Voice 2253 Voice Non-vital
Train crew -
Data 52 Data Non-vital
Station crew 502.5 Voice Non-vital
Maintenance crew 190.6 Voice Non-vital
Freight train 0.3 Data Non-vital
Crossing device 6.0 Data Vital
. . Voice 0 Video Non-vital
Railway police - -
Data 86.6 Voice Non-vital
Total 54399

(5D 3-SR Fo 20 A&
- 7h Aued el @ el A 8 SR =Y

ARtekar, ol dss Fakae a8E o] Sl e F ARt
4

¥ 24, Ax=%A gy A BT A Ad [20]
Amount of traffic (kbps/cell)
Classification
2012 2017 2022
Data 5429 744.0 8979
Service Voice 1,230.3 1,386.2 1,507.5
Video 3,666.7 5,000.0 6,000.0
Total 5,4399 7130.2 8405.4

¥ 25 AxEA AereE g EdE A4 23 [20]

) ) Amount of traffic (kbps/cell)
Classification
2012 2017 2022
Data 1,107.6 1,457.1 1,740.5
Service Voice 1,230.3 1,386.2 1,507.5
Video 1,200.0 9,500.0 11,600.0
Total 3,537.9 12,3434 14,848.0
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26. Tyt 287 ARbel AREE Fyba 58w [20]

Spectral efficiency (bps/Hz)

System 2012 2017 2022
?G 0.49 1.10 1.10
(WCDMA)
4G
i 1.46 1.56 2.32
(LTE/WIMAX)
X 27, AT AAY T A8 ALbAy [20]
Bandwidth requirement (MHz)
Direction 2012 2017 2022
Downlink 3.73 4.57 3.62
Uplink 242 791 6.40
total 6.15 12.48 10.02
o Y Fupr 203 AE WHE b B Aol Ao Sa)
H EY 54 EF5Y gH AREE7] ) oF 33 gkl s &
W el Resks Eee stelies ggste] Awgel Asn Tt
T oA5E 7l & AollA ofn|rt lrkar ekt
4. UAM B4 Mu|2E A& T35 287 £4 4y
B Aol o Aue AREITAY For 20T s S
UAM #gel Bt5o] 78sto] #-&sfaral ghet ole|dk A o] v

SohaL = 2 et 2
- o8 9] T2H FAM: A T B4R 054

Aol UAM & Awbael o 5541 ALxte} g, gald 4ms
Web ol FG vl Axge FAIE witke ol
FEA O WS- fA}
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1 2 H 02 o)Fslx, 7] UAM 94| 11743 3] (Fixed Corridor)
el A 8sh= As 133k AE Fue AL Al A v O Y
7Feek Al daF 5 Albskes A3 wAH, UAM A 339
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A s 25 9 S48 AAMS
AREAYLTE-R A7old golat Avls 25 AAEA, 94,
Aol dlolE)e} TR =(Vital/Non-Vital) T UAM B4l AH]~
i AA AR miEE g e
B2 Fel e o] AR
w74 (Voice): X9 A -55- 3t F412 UAM o] Z2FA-
WAL 3F 54 FA AR 5SS 7H

tlo]e]  (Control/Data): HXe] GAAIAAILEN(TCS) 4%
A5 UAM 9 9 Ax, 714 8 4r, $349 AR
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Vital vs Non-Vital 7 A% dAFolA] A EggsS kA
AVitaDet ¥] FWNon-VitaD=  FEsl]  TEAE
A, UAM 9A] Fd &3 ZH(RIA], 714 4= )9k 57
BEEQIZEINE, Advt 23X ARw) ko] Pk 49
T30 =4
- EY siEpE € A= 49 384
AR I QR AR =7 (201614 AbeE ITU-R M.1390 54
WHES UAM 9] Edj 545 vigsr]ol A
- A = E(Session Arrival Rate) 2 24 3k&-(Activity Factor): 2%
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DA, B4 7123 BRSAE o= T vledo] dnbarE 2 e g
g@ 712 AT FulelelA olfolxl uph glens, FALoR WA

7Fs Rt 741 olarel AdRbE Al & 230l disl vE el gle A

K-UAM 8= dAA M E 18 203 o] ADS-B¢} & #lojtl=

T8 A peer dAste] ag Al dxjste] Aol &8s

A= ol o3k ] o ® ARgE Ao w ket

C-N-5:1 & UATM Service Provider & & & Communication
G2 Cround 10 Ao ot e A “uccenr.  Navigation
Surveillance

Information

on Board
CNS System
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3 1Hd(Aggregate Interference): TH2] Mol EAlsiH e
HisE UN B 7]52 WesA] gon, Be 79l 7o E

0

g':]
g FAgR delvt -85 2700-2900 MHz thele] 7+,
tAE Wiz Bale] A A"l B digk 3 B AAREE -
10dB & 7I& 44
o HIAE Ay -6 dB UN el A& ofn] zlojthe] 24 ©A]

dsell daFe] WA wiw

(b UAM #A)E- Zlolete] Fak= R 9 F A7 35 7€ G 74

=8

- e
UAM A #lofvhs A2 Fub o] 2dd A% =
"ol 9 A ] ] Y nhEA
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T8 z7 Al -8
43+ 10log(P) [dB] ®E+
g P: QHelU-F 4 &
A5 2~ WA BT 4 9743 3 _
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b FA 73 ® A} ITU-R F4)

- A9+ (Radio Regulations) [25]
ITU A372l(Radio Regulations, RR)S A 4 7] EA1ASITU) A
eals oAl 2oF dA9 AR, WRCHIAIK 9S4 o)E &5
3~4d 7712 714 H
Article 5 (Frequency Allocations): A AAIE 3 7] A 9(Region) &%
o] Fuke gl 85 Ao Ayt €9 A 1 &9I(Primary)
B2t 2 =91(Secondary) A 7Fe] BE o wAIE WAIFH
Article 9 (Procedure for effecting coordination): 918 =7l t}&
Aol Fak= A (Coordination) HxHg 114, 1A 7HsAd ol

o= A, ARl 714 ARE weketa Folsfor sl o 23
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Article 15
o)t 74,
Appendix 7: A

(Interferences): -3l
;a2 dxE vE

T ke =

%
HHES V)&

- 9 Av
ITU-R M-Series (Mobile): ©]'5%Al u]x
Aol (e: ITU-R M.2101 [26] - 4G/5G
HS 7| AAD

3 9(Coordination Area)S 24

11 (Recommendations) - B3 7|5 4=

Pd(Harmful Interference)2]

=

0e
29 B3 7]EIN %)
AEE 94 2 2k

ITU-R SM-Series (Spectrum Management): =2 E# ] @ 71A|

714, (of: ITU-R SM.1541 &
AR E )

g

ITU-R P-Series (Radiowave Propagation): 7Hd X.9]

A= A9k Agp e AA

(Wb "= 74 € @Az} (FCC, NTIA)

- FCC CFR Title 47 (Telecommunication) [27]

o] ¢ WAHOut-of-band emission)

T )
Ay 5

l

Part 15 (Radio Frequency Devices): H] W3] 7]7

W A T

Part 96 (CBRS):
=

gt Ag

gAls] 7=

TIA Redbook [28]
TARE Tk B A

IZHFCC) =t 45 tie] 4

1:1
g5

A=

85

|(Wi-Fi, IoT )¢

35GHz tdeA 7] do]t(Incumbent) S



(th ¥ 4 (CEPT/ECC & ETSD

- ECC Decisions: T3+ ARgell thgt A4 14 (o 5GHz <]
WAS/RLAN ARS- 2] 717 #lold Ha s 13 DES 715 <53} 5)

- ECC Reports: A9t 3= =91 A 7154 g4 3 7 Alue] L
AEsE FA4(o: ECC Report 302, 6GHz 3 &7

- ETSI Harmonised Standards (EN): 5 Al & ZAlsH7] 913
Tralof sk EwoR, AFER wkAA(Spectrum Mask) & M
BAE 919 A 8Ake A9 () EN 301 893 — 5GHz RLAN)

&b A= 713

_ H—]E’:] o _T’_/\]

Ul ATES HAPSIE sel ASIEAREAR
SPATATARRA) T3S Fa TAA ] 71ES w3
RAMH] FH: SA AEE Ak @ Felel (Rash WAl
7.

g, Fo4 HE W 53 skl v A28 g 9RgoR

A opystar T 4 e A8 FAAARe] VeT]e
HHE] S (Wi-Fi, RFID/USN &) 7171¢] &4, wE Ate]Z(Duty
Cycle), LBT(Listen Before Talk) 52 7Hd 3]9] 7= &4 oF-&

FEAG 27 ¥ok g B4 Adel wel olAAY 44,
2 oug} Bo 20 9
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(v} 4JA): 1.4 GHz ti¥ IMT & =944 5BSS) 3 [29]

- BSS ($A) o E 93t 7= IMT Algh
BSS FAlAT B35 98] BSS Bal ¥ AcA e IMT
FAA T oe AE LU T (-154dB(W/m=4 ki) |3+

BSS RF =

23 noEan

BSS 28 T2t FZA IMT ML Y= FEHEE B : -159.4 dB(W/(m? -4 kHz)
(FHIHFE Nos. 5,346, 5.346A +)

= 41 247 7
BE\‘ / gd1:%
BSS Bt EVERES-F I

(1
IMT

=7+ A =7l B
(IMT) (BSS)

2% 21.BSS H3 7H AlvE e
- IMT (R B2E A7 7] (BSS Algh
IMT HEE 213l BSS = d=Ede Alskgt At
Alternative 1 IMT ¥t ¥5): 112 dBW/ m*1 Mk
Alternative 2 IMT 7145 & B5): -131.3 ~ -115.3 dBW/ m? -1 Mz
Alternative 3 (BSS 441 4 7159): -91.5 dBW/m? -4 Mz

_ BSS @F=
X HEHO A BSS @F 7 MAKUL (pfd) MEHar HE 22 m
/1 HelS s Mk ] e

81 40 dB(W/m?) in 1 MHz
(HYEs) 7

1313 dB(W/m?) in 1 MHz (0° <5 < 5°) gg
SM2 X A e
53 -1313+16206-5) dBW/m) in | MHz (5° $8525%) g%

H®)  -1153 dB(W/m?) in 1 MHz (25° < 5 < 90°)
5: Y2t
Al
SM3 95 dB(W/m?) in 4 MHz Z,‘_,‘:
=

BSS CHE

=3
P

r

NN o2 HASLE HEZE ES ;106 dBOW(m? - MH) e
23ta 2t
(IMT) (BSS)

a8 22, IMT 23 W4 Ayals
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- Z7] FEMARIAE Y] F7lellA 7S 3 aE AAl WellA]
Ao ggEmR 7E f§A FE7e] AAME(VER) #
AZIHYIFR) w2 7]es 2= weA 3

- QFHAAR: FAEE A 1000ft (300m), GE+tg] A& 2500ft (¢F

- FH AEs UAM 714 S 2km AR Ul 580 3 o
(2000/750 = 2.67), 300m <} 600m o A= o& Wakoz 3|
EASHE A9 A G A 6t 718 Al ks

(Wh WEIEE T3

- K-UAM 871 4el mt=m Ao dg Aluelos ot 2

H2/H7] (Approach): 1 . B4 HTE g4 or], 13
GBIk AT T ARAHTLONS W WA Fa @)

k

59 vl A dj7]sf|oF g
o]-Z% (Active on TLOF): 1 o). @& TLOF 28&o] 7]¥o]y,
125 AapF ¢sE di7bx] o2 71A19] o] a8

O

7] & (Parked): 1~2 Ul. 27] HEIXEE 2375 A Jy 2,
Al Aol 57 Sekaks 918 Hagke] 7] I3kt g1t

A 7rE 2%k (Throughput): 4~6 3]/A|7F
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A Au)2 UAM 713 5= Atz 1 o) + o 25 1 0l + 37 =
2 =4t

3. UAMBAl MHl& &4 &4 2 Z4 Aul& EfY §E4 2 1
o g A=
=2] UAM ConOps #4415 wlgoz [21]94 =&3 UAM F41 A
v 2 ST ZF AR HdE] o] 7%= QoS v sEhiE = 283
2t
3E 28. UAM &2l Aul= 7 2 54 [21]

Packet size | Latency Period | Required data Rat\oufmlumallon Reliability

ID Information (kbyte) (sec) (sec) rate (kbps) time

Uo1 Real-ime aircraft position information 1 1 1 8 100% 0.999
uo2 Real-time aircraft status information 1 1 10 8 100% 0.999
D01 PF tal data ( and terrain) 1 1 8 low (< 1%) 0.999
D02 | | data (weather) 1 1 8 low (< 1%) 0.999
D03 Supp\emental data (noise) 1 1 8 low (< 1%) 0.999
D04 NOTAM, information on restricted airspace 1 1 - 8 low (< 1%) 0.9999
D05 Vertiport information for take-off and landing support 1 1 10 8 10% 0.999
D06 Availability of vertiports, real-time capacity 10 1 600 80 100% 0.999
D08 Real-time surveillance information (inlcuding ADS-B information) 20 1 1 160 100% 0.99
D10 Flight restrictions 1 1 10 8 low (< 1%) 0.9999
V03 Communication for take-off and landing support or control (G2A) - 0.1 0.02 312 10% 0.99
V04 Communication for take-off and landing support or control (A2G) - 0.1 0.02 31.2 10% 0.99

Reliability #ko] H= B8 E3sk UAnk=Ql T4l 4
g 3] S8l [21]dA= Ade Al AES wdEs 7F 71A & 3-3
g EgES F 299 o] Axlslch

3 29914= UAM WA 2 238 913 25 vlojenks 23 s
SN} 23 0] BeEE ] Qlal, SN SRde] EEsA VA &
A RUEY & A% 9 4R $21S a#shd 1080p 30pfs 71
2~4Mbps7F @327 o] Non-Vital AMH|A=E E-Fale] A=t} o
o A Algh wiel o] Hu Uy 4 HEILEV} opd g2 7o R




Uy, 6UE 7)o 2 AMESt -5l g Ege

18

< 3 303 #r

me)

# 29. UAM 714 & Z-st&d = By [21]

D Information Fzggg)d %it%):gti Fira;gsﬂigsfﬁ:?ﬁar:gn Reliability :f;?g;fg{“ gg"[‘k%égg) A:;;a%ihgg;a
o1 Real-time aircraft position n 1 8 100% 0.999 2 16 16
uo2 Real-time aircraft status information 10 8 100% 0.999 2 16 1.6
D01 Supplemental data (obstacles and terrain) - 8 low (< 1%) 0.999 2 16 0.16
D02 Supplemental data (weather) 8 low (< 1%) 0.999 2 16 0.16
D03 Supplemental data (noise) 8 low (< 1%) 0.999 2 16 0.16
D04 NOTAM, information on restricted airspace - 8 ow (< 1%) 0.9999 3 24 0.24
D05 Vertiport information for take-off and landing support 10 8 10% 0.999 2 16 0.16
D06 Availability of vertiports, real-time capacity 600 80 100% 0.999 2 160 0.27
D08 Real-time surveillance information (inlcuding ADS-B information) 1 160 100% 0.99 2 320 320
D10 Flight restrictions 10 8 low (< 1%) 0.9999 3 24 0.024
V03 | Communication for take-off and landing support or control (G2A) | 0.02 312 10% 0.99 2 624 6.24
V04 | Communication for take-off and landing support or control (A2G) | 0.02 312 10% 0.99 2 624 6.24
Required uplink data rate (kbps) 94.4 23.8
Required downlink data rate (kbps) 654.4 327.4

% 30. UAM A-3}skgd 3 Egs

vital (Mbps) | non-vital (Mbps) | & (Mbps)
0.65 0 0.65
0.57 12 12.57

O

oy | o
% | ot
ol | o,
AL

A F27t ek og #38 F 3GPPollA #zkel LTE 7|4 Z=2/UAM A
A& 98 =33 3GPP TR 36.777 A+ RalA [30]9E sFHDL): oF
2.0 ~ 3.5 bps/Hz, 23HUL): ¢F 1.5~ 2.0 bps/Hz & AAI&tL k. o] 7k
T W G olgste] =S A-stEE A Fube A8 i 319 2
t}. Non-vital AH|AE Edtele] Wz ow Assltiele A-aakg o
3 8.71MHz AERE Q7%= T &




¥ 31. 7] UAM MH|=E 93 T34 A~
vital (MHz) | non-vital (MHz) 3+ (MHz)
sheke A 0.33 0 0.33
ek A 0.38 8.00 8.38
i 0.71 8.00 8.71

b

A4d UAM &3 9AE Fo5 8% A3l 24

UAM HGAIZE dd719F 572 ddshAl H| 5 7F] SHeA +
g 285 F7F 82l0] 3l

A= UAM AR|=e] s S7iel Wdytz dyos UAM 257}
7k "k 7] o)l FEEE =7 12001t, 42 %= 500ft=
fAxshe 2e 1@ F w310, ©) Aol A e aiE 2kmE
FABHA =W Z7] dAl] v3)] 4u)] FHd 247t 17] Aol EXjsh= A
S wgdof aul. vk UAM 2=07) Z718H 5| B4 olxZa) dA] =7}
2 AXE RAor i 7eEteE v 1km AL 7Pgste] A o Ho)

120h9) 71418 Aul2shs Ao 71,

Hr} o]= 1dde] 71AE Full HD (1080p, 60fps) 6Mbps 34 AH. 271
2 ZFHojof sitfar 7pgsit) U2 Sl Ad M= YA
gt AFES doly &2 vlg- Hov 2A4X|A(Low Latency)Z} F+273

o] 8= EAS 1yste] 71AY 300kbpsE AFESHH Wbd7] o]



4.0bps/Hz, 743k 3bps/Hz= T3+ @89|

e 50MHz o)) e T4 @

sty o

¥ 32. HH7] o]F UAM -
vital (Mbps) | non—-vital (Mbps) | & (Mbps)
stk A 4.92 0 4.92
e A 145.13 24 169.13
¥ 33. &A7] o]F UAM AMH| =5 Y3t T34 L&
vital (MHz) | non-vital (MHz) 3+ (MHz)
sheke A 1.23 0 1.23
Abekel A 48.38 8.00 56.38
Els 49.61 8.00 57.61
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