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ABSTRACT

In order to reserve frequency bands for stable operation of the Korean Positioning System (KPS), it must be demonstrated
that the impact of interference caused by KPS on other services operating in the same bands is tolerable. The International
Telecommunication Union (ITU) provides the radio regulations and a compatibility assessment methodology for the
coexistence of different services in limited frequency resources. The purpose of this paper is to investigate the radio regulations
regarding the compatibility issues between the KPS and other services sharing the same frequency bands. The results of the
investigation show that the RNSS system can be operated in the L5-band under the condition that the Power Flux Density
(PFD) and Aggregated Equivalent PFD (AEPFD) thresholds specified in the radio regulations are met. In addition, the ITU
recommends that the interference-to-noise ratio (INR) protection criteria be met to prevent degradation of the performance of
radar systems operating in the L2/L6-band. In the case of the S-band, coordination of allocations for RDSS space stations with
respect to terrestrial services is not required if the PFD does not exceed regulated thresholds regulated by ITU.
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slo] A7, 7], Aut % ek Bae] 917, 45 So] £

3t LR EMAEAQFo]BZ Radio Navigation
Satellite System (RNSS) T+ Radio Determination Satellite
Service (RDSS)o]| =t} (Ministry of Science and ICT 2022).
w}2}bA], International Telecommunication Union (ITU)O|A] A
= RDSS T RNSSof| & Fabgs tgof| it 252 4=
olt} (ITU 2020a). ITUE L thed (1164 - 1300 MHz, 1559 - 1610
MHz), S thed (24835 - 2500 MHz) @ C thed (5010 - 5030 MHz)
& RNSS == RDSS 515 2.& ¢fall @dslar 9lomf, KPSE L
9 S ol A Q] 415 FEo] ofIZ = of gt (Kim 2021).

THE, KPSO] QPg Q] £8-8 el 34 94% 55 o
55 Saislol gk A YA 53 QR B s
o b 29 el o] S W R 7k 2k Tk B4 A
95t %7k 7 24 AAEH, KPSe] A 05 We)g SRy
4 9l=E it} (Sin 2020). o] & F4 22 e KPS
8 tie] ) B 5ol Al 7k o) el 891 T 45
2 Bolo} seh %, QY] S 52 Al 71 A Role] 53
4 BAjo] 27 E0] ITU the 714 ARRA Q5 1} 584 B
7} Aup} Basich o2 Slsl, ITUS ¢ o] that 85 7% °
9% 7H 1M 2% HPE - 479 175714 (Radio Regulations,
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Fig. 1. World-divided map for the frequency allocation (ITU 2020a).
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2020a).

519, Table 2= Table 104] MAE H3}712] & RNSS/RDSS
2 e} 9 7 530 Wolel BelE £ 728 Felskct of
5} 519] ol Al Table 104 2]5l F3b4- tho] 0.2 L5, L2,
L6, L1 D S thofol] RNSSRDSSO 87 E-4:31aL Qi AJu] Aol
Ho) 9 Fo Ata g Helsict

2.1L5 iy

L5 tfod-& 1164-1215 MHzol| 35}, Aeronautical Radio
Navigation Service (ARNS)2} HA| 3-8% 11 9Jth ARNSE o
YA FAA o] ofste] TAH uhale] RS B35
of 2% U APk YRS Wolod, ARNSe] Eatel thEA
ol A]AEI© 2 Distance Measurement Equipment/Tactical Air
Navigation (DME/TACAN)©]| ¢t} (Ministry of Science and ICT
2022). L tholel ] RNSSE AwH1%) #15328A0] wel Aelok
6095 2 g3lloF 5}, ARNS A|AElO 2 HE BHS 5 QI 4=
ol AokHQl 4 ofel 2150l THs stk Aelek 6099] wh
H, L5 2] ARNS B 52 9J3f & RNSS Y59 $41 41
Sofl 9%k A4 12,192 m (40,000 fo)oll Yx|3F 715 $=417]oll A
9] Aggregate Equivalent Power Flux Density (AEPFD)+ 1 4
o] -121.5 dB (W/(m>MHZ)) o|s}odok 3} (ITU 2020c). whehAd,
KPS 4157} Z7pgof w2 & 1] Aol <3 AEPFDE] At
A 1TU Aof2lof| A 4 5h= L5 th 9] ARNS B3 7%
35 ol3 BYe) 272 8ol TFssic.

SHH, A 2J¢F 6090 A= thokal RNSS AJAEI0] L5 tefofA]



Table 1. Frequencies and services allocations in L/S-bands (ITU 2020a).
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Region 1 Region 2 Region 3
1164-1215 AFRONAUTICAL RADIONAVIGATION 5.328
RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-space) 5.328B
5.328A
1215-1240 EARTH EXPLORATION-SATELLITE (active)
RADIOLOCATION
RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-space) 5.328B 5.329 5.329A
SPACE RESEARCH (active)
5.3305.3315.332
1240-1300 EARTH EXPLORATION-SATELLITE (active)
RADIOLOCATION
RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-space) 5.328B 5.329 5.329A
SPACE RESEARCH (active)
Amateur
5.2825.3305.331 5.332 5.335 5.335A
1559-1610 AERONAUTICAL RADIONAVIGATION
RADIONAVIGATION-SATELLITE (space-to-Earth) (space-to-space) 5.208B 5.328B 5.329A
5.341
2483.5-2500 2483.5-2500 2483.5-2500
FIXED FIXED FIXED
MOBILE MOBILE MOBILE
MOBILE-SATELLITE (space-to-Earth) 5.351A MOBILE-SATELLITE (space-to-Earth) 5.351A MOBILE-SATELLITE (space-to-Earth) 5.351A
RADIODETERMINATION-SATELLITE (space-to- RADIOLOCATION RADIOLOCATION
Earth) 5.398 RADIODETERMINATION-SATELLITE (space-to- RADIODETERMINATION-SATELLITE (space-to-
Radiolocation 5.398A Earth) 5.398 Earth) 5.398
5.1505.399 5.401 5.402 5.1505.402 5.1505.401 5.402

Table 2. Regulatory status of L/S-bands (Mitome & Hayes 2014, ITU 2020a).

Band Other service
[MHz] in the same band

RR description (RR number)

1164-1215 ARNS

RNSS shall operate in accordance with the provisions of Resolution 609 and shall not claim protection from stations in the

ARNS. (5.328A)
. 1215-1260 MHz: Active spaceborne sensors in the EESS and SRS shall not cause harmful interference to, claim protection
EESS (active) o ) .
SRS (active) from, or otherwise impose constraints on operation or development of the RLS and RNSS. (5.332)
1215-1300 1260-1300 MHz: RNSS and EESS/SRS are the same status. (5.335A)
) RLS RINSS shall be subject to the condition that no harmful interference is caused to the RLS and Resolution 608 shall apply. (5.329)
Amateur 1260-1270 MHz: Amateur-satellite service may operate subject to not causing harmful interference to other primary services

operating. (5.282)

1559-1610 ARNS The same status between RNSS and ARNS.

FS, MS, RLS
2483.5-2500

The same status between RNSS and FS/MS/RLS.
9.11A coordination procedure is applied between ground service and RDSS. (5.402)

MSS The same status between RNSS and MSS.

S QEE 517] Y EF & RNSS A|AEIo] AEPFD
o] 7+ 01%5\1% BEEASS 4 RS H1 608 B3 B
r Flux Density (PFD) AFSHS & 2]sic}, o]of
what OPUr—J RNSS H*JEE—“rEi o715l 71 $4l71o A 9] 2
o PFDE 2h 37F A4 273 slofl -129 dB (W/(m*MHZ)E
2] ofotok ghct (ITU 2020c). o] wj, B] F2| A= $IHEL2 5}
o] g o g HgEo] ALEEE 94 F ol shuEts A
7] ARk 3k 23kl QF Hot Ls th & Ak A|AHE 9]
AEPFD 2 PFD A4t Axl= A 7)H 0 2 /)25 ‘Resolution
609 Consultation Meeting’ol| 4] =2]=|m 2022 7]& 0 2 19
2] A715] 97}t XY= it 2022'd 0] R 19 A 715] 9] A
Ik L5 EH"j & AHEShe 91439 |t AEPFD& 2|ote] 7 9-& 7t
A5193S o -121.52 dB (W/(m>MHZ)E, FAIBIL 9= olAIZt
-121.5 dB (W/(m*MHZ))Et} 0.02 dB 3L Ao =2 B =it
(ITU 2023).

2.2 L2 iy

L2 thed& 1215-1260 MHze| slgslw, Earth Exploration
Satellite Service (EESS), RLS 3 Space Research Service (SRS)
A FREAD Yok, EESSE 79 4, D34 5ol @
Yot SFRHBNYRRA 532 F a5t
YU R730] PASHE AE EeeI Golch RLS
)3l 248 #|2]$F Radio Determination Service (RDS)E #

o} afslol BRBENE WAlEo] HEotes kS 44l
02 oA 91X, &= L JJek Ak Sl B3t

HHE ASsHe PAEA QRS oJulgich EH AAHe
2 74 ellolck, A4 ellolct Fo] EAJTte}. ofuf, At
A5.3200] whe Akt A5 331014 AFE F7FS] s
Radio Navigation Service (RNS)7} 7140 2 159 922 ¢
FE, Sk s olof siFRict RNS+ P52 9 RDSE 2jns}
o, S 2 & 55 % 59 77 tHaAolok SRS+ 53
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g o] 8slo] Hot EL J1% ATE 4] $1 SR FAE
AARE olu|glt} (Ministry of Science and ICT 2022).

L2 thedof|A] RNSSE A ubta] 415332 2 5.2820]] w}a} EESS
9} SRS7} RNSSof| faligt 1M & fUsAY BESE o1
gloms & ¢jfo] sl of & 9% ZHech T RLS b
RNS$} H| 8 7 Auba] #]5.3290] whel 1215-1300 MHz2]
Fub4 helol A RNSSE 5 Aju] Aol §afeh 7HS SuaA
L qhelnl, RNSC] sl B5E 0 4 91 P 98
o] afet RNSSS] 2|97k o Wk, 3k, ZAolek 6080] M 4HS
AL gtk (ITU 2020a).

7 0]} 6082 RNSSZ 5} Zul4 thedo] 1215-1260 MHzo]|
] 1300 MHz7}2] 2F=]9] 71, RNSS AJAElo] L2 thedofA] &t
Fo eloleh AlAslel ek 7y R glo] 204 ol4F A
Ao g A5 ghrbe A& ieisto] RNSSE ool 2aff &%
o] Q1T L2 o] tsjr]= World Radiocommunication
Conference-2000 (WRC-2000) o|&of A= F4 2]of o
SFZ27H A ZshA] & A& A oJskitt (ITU 20200).

gl o] Zol+= 1215-1300 MHz tdof|A] ZE6}= RDS A|
28] thet 55 95 A5 A% +3Y A& dasiy, 3
Q3 739 HIAME vAT A& YASEAL ok F71E, 1215-
1300 MHz Fa} th ol 4] ZhF-5h= RNSS W o]t} A] AR
7ro] o3k B 714] ITU-R M.22845 g5l §lom, o]= H
3A4] ITU-R M.1463 2 ITU-R M.1461o| 4] Al Zeh= BT 2
B3 7|%e) o HrF AaE A&t Halxo] o2, duty
cycleo] &2 A5 (continuous wave, binary phase shift keying,
noise-like, non-pulse S)of 25t & 7HdeFo 2 ¢15}F RDS o]
o} A 2Ele] A% Ak HkAsly] $13F BB 712024 6 dB
9] Interference-to-Noise Ratio (INR) Zr& Hsl1 itk (ITU
2015, 2018).

2.3 L6 CHY

L6 o3 1260-1300 MHzo| sw5}0], EESS, RLS, SRS 2 o}
njZo] ¢JRel 3hA B-5H 3 Qlth (ITU 2020a). L6 thelL L2
tholh ialo] S1xlsim, 24:9] Y72 ofnkio] YRS A9

sl FUT Q7L BFE k. whebd, 129] Q55 o
SIAE L2 thelz) e 52k A w2 18T 4 otk
o, RNSS7} 22 gelof 9191d L2 thelzh kel Le thele
WRC-03 o]% Au}32] #5329 243} A 371 s o] &
&, EESS¢} SRSe} FURE A 95 7Hthe= Ztol o] Qltt (ITU
2020c).

240 2 7% AT 59 A9l
&l o=z Lq-— 0]‘9“6}01 HARE e BASA 9F
oJu]stt} (Ministry of Science and ICT 2022). o}u}go] JF

Akt 7528200 we} e} IRl SIS 7] b
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FASHe LE 4150) 54 Tefsl|7} ofget. oleitt ol g2
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ofn}Zo] Qi ole] SR BAS 4ash o] ofei ol gk,
2.4 L1

L1 t&3-2 1559-1610 MHzo]| dlj g5}, L59} 5514 ARNSL}
A 355k ek (ITU 2020a). L5 tjeda} U544 RNSS7}H
ARNSO ]3] QIR BA45H: Rl T 4 glork, Li oy
© 12 thelat SUsHA He) RNSSE 9fa) Bl el o2 ITU
A5k lofl A= RNSSS} ARNS 7ke] 7MY 20] slo] 21g5
917 bk LS thelold] Al S84 Tl AIRALE 5
o 7H] WIS ST 4 glouk, BEE BE )R] glone

Blel that 2492 Sashod] olelgol gl

2.5S Y

S tfed-& 2483.5-2500 MHzo]| sl g5, RNSS7} SFg=l o<
I} ohEA A FEel T Au|ATZE FEE o] Qi g Bl
ek A3z 9] S tjedofl= RDSSQ} $HA Fixed Service (FS),
Mobile Service (MS), Mobile Satellite Service (MSS) & RLS7}
A = 3L ok (ITU 2020a). FS&= 1A H FA= AFS 71
FoHbe BAEAQEZA] HET a3 £2]12 o] EEA] A
Hl A A2 AHI A7} SRR Al R FEE MSE o] E
IS4 7 ols =T A 7& T ol saAe] SAof 23t o]

A

ol

OlFSH AT B 97T ALE 1] SAFHUEAYRE 0
olale] S thode] ¢x|ah A2l AlAEl 02 A AA AMEAL
E tiate 2 &4 o glolg] 4l AH|AE #|-Z5}= Globalstar

(Ministry of Science and ICT 2022).
ShH, AulF2] A4154012 S el o] MSSeF RDSS7| Asht2]
Ao11Ac] WHE 2 ARE 4 shokehe FAsIL o, 23
23 A TeIEIok B AFE ITU Ao} 427 B8 52 £3
‘l"7]' AlsskaL lek £5 5oll= S ol 4] RDSSZHRE| RLS
£ AT A A AEE PFD AR A5 Foll REskaL jle

%30
FL

], FAE T Qe AAZS 2IF6HA] S 73 RDSSe] &3
SAlel g B 2] Basha] 93-S AFsla 9ck PFD
AAZFS AR A=t v AR Aol sl thEA] A ojwn,

AAAE YAl thsliAs -152 dBW/m? (in 4 kHz) T+ -128
dBW/m’ (in 1 MHz), H] A2 E JAde] thallAls -153 dBW/m’
(in 4 kHz) =X -129 dBW/m’ (in 1 MHz)2] Zto] AL=c} (ITU
2020b).

ITUE AJAE] 7Eo] Z28 Qo) A|AH] 7F S3H] A v
22 AT} B AL ITU of5) A Tels ARAE F
7h 9 Bk ATk BE 7E W oS Fo) 2Pk ol A
A= KPS MBIA tollA] Tebd 24 Al ARH = AlFAI R



Table 3. Protection criteria for the other services in KPS service bands.
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Band [MHz] Service to be protected Coordination threshold values Reference
AEPFD threshold: -121.5 dB (W/m®) in 1 MHz (including all systems in L5 band)
1164-1215 S PED threshold: -129 in dB (W/m?) in 1 MHz (by emission from a space station) 1Ty 2020¢
1215-1300 RDS INR threshold: -6 dB (in the case of continuous (non-pulsed) single or aggregate interference) ITU 2015
PFD threshold: -152 dB (W/m?) in 4 kHz
. e .
2483.5-2500 All cases except the RLS in the -128 dB (W/m®) in 1 MHz (per GSO space station) ITU 2020b

countries listed in No. 5.398A

-153 dB (W/m?) in 4 kHz

-129 dB (W/m®) in 1 MHz (per Non-GSO space station)

of thal pals] A143tek. B, KPS |4 ] U RNSS/RDSS S}
B} Q% 7 A R Al G 90 B BARE 3
2f3ict. Table 3 SH4 A4S 1) AGEE ARAE D B
57158 2ol

3.1 PFD, EFPD ¥ AEPFD

E =
Tob7] sl S o= RE YA E Aol it Al EHoA 9
PFDE AM 24 Ei Ab571o] nfa}
FA1719 7] 919 2] ke A 7
EPFDE A4 41719k 740 S14E 7o) o

(O} o] Alqked 4 et

G (0)Pr

PFD =T
4md? '’

[W/(m? - MHz)] (1)
1714 G(6)+= off-boresight Z}of] thgt F-41 SHE|LE o]
T $4171 28] A (m), PS4l =
MHz)o]|t}.

AEPFD&= W Wf 7ol efs= B& A|AR]o] 2|3} EPFD
9] g}, EPFD&= 4 A9 A4t 4171041 5 7H53 ©d
AlAE o] BE g4de) ols)] x| ErHo] A4JE PFD2] o & o]
=™, Eq. (2)2} Zro] el c} (ITU 2005, 2007).

NS S
AEPFD = 10log [max(z yEPFDL,Lk-SAFk,f)],[dBW/(mZ-MHz)] @)
k=1
with
Nk Py X X
EPFD,; = z 107 - 280 @D 1y 1m2 MHz)]
1

i= 47“112 Grmax

SAF; = Zjlkl Gi(f) / g}g}(Z:: Gi(f)

03714 N,& RNSS A|AE ] 4 EPFD, = $]% L, % I, RNSS
A28 kol] wh 2|t EPFD, SAF, i= RNSS A|AH] 9 Fabs f
of w2 Fubg 24 Q1AL N L, [ /1A Q] 2417]0flA] Hole
k A28 914 4 P A 914 9] V1R Sk o= o $4l
QFElL 13 HE (dB(W/MH2)), di= Al $1433} =417] 9] A
2] (m), G(6)+= A /3 <] off-boresight Z}of] whE 541 QHe|
L} o015, Glp)& A 942 T =Zof| whE 4241 QHELY 0] 5,
G A1 QEEILY 0] 59] Z[ThZE NE T AJAE Y 415 &,

s}

G i A5 7E Fue ool E g e amey U

(W/MHz)o|c}.

3.2INR

INR L2 % L6 hefoll ] RDSE] #o]ch A% B2 $igt
A5 SE2 A, RNSS 4| 250ef thal -6 dBo] 2.5 7] 0] A
3 Rt} (ITU 2015). s A F& RNSS A|AET} glo|t} A|AH]
7ho] B84 B4 A AHEE 4 glom, INRE T517] 913k /1%
A& @) $417] 24 24 NS Eq. (3)7} o] et} (TU
2018).

r

N = —114 dBm + 10 log B (MHz) + NF, 3)

ot
_k‘ﬁ'.
P~
i)
alleS
>
o
oo
I
&
o
o
4>
Rl

|
Q1jolch INR A4S 915 RNSSO.HE o] 71y B
()2} o] 4ol
55 1945k % 714 AL ofnjic} (TU 2018)

I=Pp+Gyp+Gp—Ly—Lg—Lp — FDR, (@)
A7|A Pz 7] A1ARLE] H] $41 A, Gz 54 AA” W
Fo 29 7] A AR F41 QEELE o] 5, G 7Hd AIAR B
Fo 2o B A|ARS] £41 QEEL o] 5, Lis $417] A &
AL L2 A7) A 4, L =2 &4, FDRE Frequency

Dependent Rejection (FDR)Z $=41712] Je] EAdof o5 7+
N5 AmEY P47k 4] B L Yekhs A48 ojujgict
(ITU 2008).

o, ITU (2018)0]l= dHbal e
41291 INR®] -6 dB °]s}}l 7 S
Sfek 2 dlolct Al 8o Sadof wfat AR ol

=
Ao ke 4 913 ISk lek.

=3

ITU= Ak b 2bed W) Al A 7 25 2fsf 419 A
wht2] elof = A 3 2519 71eH 54,
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Table4. Summary of ITU documents related to the characteristics and protection criteria of RNSS systems in the KPS service bands.

Type ITU-R Summary Band (s) [MHz|
A . . L . 1164-1215
Description of systems and networks in the RNSS and technical characteristics of transmitting space
REC  M.1787 stations operating in the L-bands 1215-1300
perating 1559-1610
1164-1215
Guidance on ITU-R Recommendations related to systems and networks in the RNSS operatingin 1 & 1215-1300
REC M.1901
5GHz 1559-1610
5000-5030
REC  M.1902 Characteristics and protection criteria for receiving earth stations in the RNSS operating in the L2 and 1215-1300
L6-bands.
REC  M.1903 Charactepsucs apd prf)te(,juon cnt.ena for receiving earth stations in the RNSS and receivers in the 1559-1610
aeronautical radionavigation service operating in the L1-band.
Characteristics, performance requirements and protection criteria for receiving stations of the RNSS 1164-1215
REC  M.1904 operating in the L-bands 1215-1300
perating : 1559-1610
REC M.1905 Characteristics and protection criteria for receiving earth stations in the RNSS operating in the L6-band. 1164-1215

Table 5. Summary of ITU documents related to the compatibility methodology between RNSS/RDSS and other services in the KPS service

bands.

Type ITU-R Summary Band (s) [MHz]

REC  M.1639 Protection criterion for the ARNS with respect to aggregate emission form space station in the RNSS in 1164-1215
the L5-band.

REC  M.1642 Metho@olf)gy for assessing the maximum equivalent power flux density at an ARNS station from all RNSS 1164-1215
operating in the L5-band.

REP M.2284 Compatibility of RNSS systems and radars operating in the L2/L6-bands. 1215-1300

REC M.1463 Characteristics of and protection criteria for radars operating in the RDS in the 1215-1400 MHz. 1215-1400
Guidance and procedures for determining the potential for interference between radars operating in the

REC M.1461 R s . . . -
radiodetermination service and systems in other services.

REC SM.337 Procedure for calculating distance and frequency separations for an acceptable interference level. -

REC  M.2082 Information on coordination of the fixed service with mobile-satellite and radiodetermination-satellite 9483.5-2500

service systems operating in the S-band.
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