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Calculation of Spectrum Requirements of AeroMACS System
Considering Airport Traffic Characteristics
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ABSTRACT

This paper calculates the required spectrum requirements for providing various airport communication services
at airports using aeronautical mobile airport communication system (AeroMACS). In order to accurately calculate
the frequency requirements, the traffic demand at peak time must be given in advance, and statistical data on the
packet traffic at the airport are needed. In this paper, airport traffic is generated based on the traffic model and
scenarios performed by single European sky air traffic management research (SESAR) and the spectrum
requirement for  AeroMACS is calculated using M/G/1 queuing model. The spectrum requirements were
calculated by considering the priority of the traffic, different operational areas of an airport, the size of an
airport, the size of cell or sector, and spectral efficiency. When AeroMACS is applied to Incheon international
airport, it has been shown that a bandwidth of 2.39 M per sector is required in the GROUND region and 22.30
Mt bandwidth is required in the entire airport based on the average traffic.
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I 1. AeroMACS AJH]~
Table 1. AeroMACS Services
Phase | Location NET AFSFeCrvmes AOC
TOWER | NETKEEP ACM 000L
AUTOLAND-REG
SURV, ACL. EFFU,
FLT-JOURNAL,
GROUND D-SIG, TECHLOG
ARR. D-TAXI ’
CREW-TIME
00OI, FOQA,
FLTLOG,
RAMP ACM CABINLOG,
ETS-REPORT,
REFUEL
AOCDLL,
LOADSHT,
E-CHARTS,
UPLIB, SWCONF,
SWLOAD?25,
SWLOAD, BRFCD,
ACLOG,
TECHLOG,
DLL, AIRWORTH,
COTRAC, WXTEXT,
D-OTIS, PASSENGER,
D-SIGMET, CREW-RPS,
DCL, CREW-BUL,
NETCONN,| FLIPCY, CREW-REG,
RAMP
NETKEEP | FLIPINT, FLTPLAN,
D-RVR, | NOTAM, EFF,
DEPT. D-SIG, WXGRAPH,
D-FLUP, CREW-L,
PPD, HANDLING,
D-TAXI CATERING,
BAGGAGE,
NOTOC,
LOADDOC,
PREFLT-INS,
DOOR,
FLOWCON, EFFU,
TAKEOFF-CALC,
0001
IGROUND SURV, ACL.
ACM
TOWER ACM WXRT, O0O0I

o, 100tH, 200tHe] 872 ), TN T
(TOWER, GROUND, RAMPE &7, i
(ARRIVAL, DEPARTUREC.Z -2 FH3le] F
AAslsdnk e 85w drEe] - 2R
B2 oJmglt). ARRIVAL SHAlE 1:29] o]2hE n]
4% 7}%]3, DEPARTURE A& 2:19] v]&= 3
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= FHENT EAS 223 AeroMACS Al&gle) Fukg haEk b
(bit/(s"Hz cell))ell vzt 2] (8)= A4 E 2. 3t 50the] 7h 2-3E we] ey s}
Table 2. Offered load when an average of 50 aircraft are
operated
C
F=— ®
U " D{;Oﬁfgc UL Traffic
RE Olozrded SC (kbit/s) 'Volume (kbit/s)
o714, C= A3k =9} sleke] = feko] 3o}
1714 e ok 5t ° 321 ol ARR. |DEPT.| ARR. |DEPT.
E =iolAe Edlge] A AElR] o= NET9}
- Average | ATC | 108 | 088 | 003 | 0.02
VC ]2 o A2lala, ATCS} AOC F 714
load | AOC | © 0 |279.18 | 59%.1
AMu)zs W5 7R AL Agsisich kel 9l E
- _ 95
#19)S SESAR 492 o]galolt) | ATC | 245 | 19 0 0
TOWER percentile
load | AOC | 0 0 960 | 1560
V. =IOk AQaF ALE 27|
T 298 ds 20 10 | ATC | 44 | 37 | 302 | 202
percentile
4.1 ME ALRIR load | AOC | © 0 |1680.94| 2280
| B = - o) [ =) Y g e ey | Average | ATC | 043 | 078 | 028 | 115
AeroMACS &= A] I R3F Fuk A2 Q8FS o &3] load | AOC | 051 | 039 | 9.84 | 0.09
7] #3101, SESAR"e] i Az} - QlASAlg} 95 | ATC | 103 | 222 | 101 | 1072
7 fARRE AR o2 i) ol stk 7t RAMP percentile
2 EAFE) A7 B 3] -8 4= 5877 U load AOC 0 0 38.95 0
O H 1w Qi h [} o O i
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o e < til
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3 26l Aelsledch X 204 BIEo] Edy Hal= 95 | ATC | 435 | 435 | 149 | 1.06
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Fee] o, ggr)e] olAtF whA|, An|x~ W load | AOC | 16 | 152 | 80000 | 40
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JEZEE 7HEe R EAA o7 A o n AfH| load | AOC | 24000 | 16000 | 1600000880000
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3. gale] o, Al WF A% el WE 9
do]

Table 3. Average packet length according to area,
service category, transmission direction in airport

RE TOWER RAMP GROUND
SC ATC | AOC | ATC | AOC | ATC | AOC
DI.“ 0.034| O |0.282]0.522|0.034|0.086

(kbit)

ARR. UL
.. 10.123]0.522|0.241 | 0.299 | 0.149 | 0.523

(kbit)

DL
..10.034| 0 |0.307|0.523|0.035|0.086

(kbit)

DERT. UL
.. 10.123]0.523|0.234 | 0.501 | 0.149 | 0.523

(kbit)

4 30 7o, Al dlE S wEk] w3
Zolo] 27} mAlE

Table 4. Second moment of packet length according to
area, service category, transmission direction in airport

RE TOWER RAMP GROUND
SC ATC | AOC | ATC | AOC |ATC]| AOC
DL s | o | 12063 | 267 | 1198 | 7563
(kbit)
ARR. [Z
= | 15504 279742 | 91604 | 104958 | 23430 | 280562
(kbit)
DL
“l LS | 0 | 135802 | 280504 | 1389 | 7.563
(kbit)
DEPT. -
- | 15504 [280200| 89518 | 262011 | 23423 | 280.562
(kbit)

1.2%, AOC Au]|2~ #lF2] 749 H7 3.0%5 AH8-3)
stk FaF3 (6] AeroMACSS] A =715 A
& o, ot o, 7 FHo A 9 S} AR
ol w2 Ful T8-S AASIAL Qe B =il
A= Faned [6]e4 AARE A ZEe] RAMP 7
o] Ao o HX]E2 0.95km, TOWER ¥
GROUND Foj|x]¢] Ale] Ztf ¥kA] 52 2.5km=
AA st

) T 58 AR A S B3 64Q0AM,
3 ®3= 16QAME ARE3ela, A A ]l
w2 Pl T8-S % 5, 63 3o] AAESI) o=
A7k 50 o) s 88 TS VISR A

<]
T WA A4, Foke 28-S FaEE [3], [6], [10]
o] ZAste] AAsisiet 7k oiE Eeje] A9
SESARe®A] #|g3t H3t 50t 3
Azl o5 Abgstolch EdiEe 3 AAle 3127
QAL 7Pgsisdet. S]] B2
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£ 5 RAMP T9o] AvjelAd] G Foke 5
Table 5. Spectral efficiency according to coverage in
RAMP

Percentage of Maximum Spectral Efficiency
Coverage Area (%) (bps/Hz)

<25 3
< 375 2

UL < 50 1.5
< 70 1
< 100 0.5
< 225 4.5
< 375 4
< 45

DL
< 675 2
< 90 1.5
< 100 1

# 6. TOWER ¥ GROUND F¥ellx| #Awz]A]o] u}E
b _,_/‘\ 33_.%

Table 6. Spectral efficiency according to coverage in
TOWER and GROUND

Percentage of Maximum Spectral Efficiency
Coverage Area (%) (bps/Hz)
< 15 3
< 275 2
UL < 40 1.5
< 625 1
< 100 0.5
<175 4.5
< 10 4
< 175 3
DL < 325 2
< 475 1.5
< 715 1
< 100 0.5

7] egkenw, AFw s E Wl Ale]Ee] A
, Bofolut wix| 52 aEEkA] skt

20 A T 7] el Z13skdck A WAl
= tAME 2 ATC, AOC AH|2ollA] 876h= -3y
FIg 283 AE] g ulel AbEsisla, 1F
1~6°] Jellidel. 23 1~604 Average, 95%,
MAX+= Aol AMSRE 91 Edle] ¥3)E ofnlsich
AR, 95%9 MAX= AAZH2) Wslsl= By
afe] wiie] el sk Sl 8wk skl
P kA Edfge] Fule 48RS BT AR B
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otk 13 1~32 ARRIVAL Ao o3l A4z} AeroMACS7| dhuke. Fulss jode 235l 4
0|32, 18 4~6-& DEPARTURE THldl| thal 2184 o]t} GROUND FollA] Aeds] & Faj4= 48
5 vepdch o] AHEEl olf= A EFC] 90% olikS AA|
T HAlE AR QAT 9 Edge sl 9l EFFU Au|zvt E33)7] wldolch
uhE Fobg 2 QERS AR Alolvh & AdellA= EFFU+= vl 383 Afu]zolx|uh, Au|s by Wl
ol3332] RAMP, TOWER, GROUND '8 % S7b w9 Jar (h2F 28 el 13] ) AR|s 1A
A AE Aol A WSS & 79 o] Algkeich A, 1.6GB A= EHE AIAFIch wElA

= A A e =], g5 Aol W A0lE

7l 3 4< w3l GROUNDE %

ARRIVAL o] that ok Qe Algdas
UeRa, & 10> DEPARTURE wHlel tigh 53}
= agek IS R

B 7. AY el AR QA=TAlge] AlE] wijA]
Table 7. Proposed sector planning of Incheon
International Airport in experimental conditions

Radio Environment RAMP TOWER |GROUND
# of sectors 3 1 3

# of sectors/site 2 1 3
Total # of sectors 6 1 9
Cell radius [km] 0.7 2.5 1.44
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Table 8. Experimental environment assuming Incheon
International Airport

Radio Environment | RAMP | TOWER |GROUND
# of sectors 6 1 9
radius (km) 0.7 2.5 1.44
Percentage of

Maximum Coverage 73.7 100 57.7

Area (%)

Spectrum |y, | 05 05 1.0

Efficiency

(bps/Hz) DL 1.5 0.5 1.0
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Table 9. Simulation results for Incheon International
Airport in ARRIVAL phase[MHz]

Offered load
Radio -
Environment Average 95% load Maximum
load load
TOWER 0.69295 2.04953 3.47494
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Table 10. Simulation results for Incheon International
Airport in DEPARTURE phase [MHz]

. Offered load
Radio .
Environment Average 95% load Maximum
load load
TOWER 1.32605 3.22428 4.64307
RAMP 0.01393 0.03902 0.09505
GROUND 1.30182 0.02487 97.32487
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