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ABSTRACT

Global Navigation Satellite Systems (GNSS) provide worldwide positioning services whereas Regional Navigation Satellite
Systems (RNSS) offer services for specific areas. Korea has been developing a RNSS called the Korean Positioning System (KPS),
which includes a Wide Area Differential-RNSS (WAD-RNSS) concept that transmits both navigation and correction signals
simultaneously. In satellite navigation, Signal-In-Space (SIS) User Range Error (URE) represents errors in navigation signals,
while User Range Accuracy (URA) provides a conservative estimate of the standard deviation of the SIS URE. The navigation
signals are transmitted in either Legacy Navigation (LNAV) or Civil Navigation (CNAV) formats, with the latter offering
advantages including improved flexibility, shorter update intervals, and separate error component representation. CNAV
therefore achieves smaller UREs and provides a more sophisticated URA in a format different from that of LNAV. This paper
proposes a CNAV URA calculation model for the Korean WAD-RNSS including mathematical expressions for both Elevation-
Dependent (ED) and Non-Elevation-Dependent (NED) URA parameters specifically designed for WAD-RNSS satellite
orbital characteristics. Simulation results show that the proposed CNAV URA conservatively bounds the Worst User Location
(WUL) URE within the service area. Furthermore, our analysis shows that the proposed CNAV URA allows for a more precise
representation compared to the LNAV URA without compromising conservatism. The proposed method can contribute to the
development of modernized navigation messages for WAD-RNSS.
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. INTRODUCTION GLONASS, $-3¢13}e] Galileo, 22| BeiDou7} 9101, RNSS
EE Y9 QZSSet IE 9] IRNSS Fo] St

Ao 2RE $EEE 455 &8l AHERt Yx|e A RNSS&= &4 o] HA3led 7M1} L E & A5t
7} A0S AFohe GATEAIARS A A7A Wele] Aula 7] $lal A= (Geostationary Earth Orbit, GEO) $147} 7
£ AlFgske 22 YAIHA|AEI(Global Navigation Satellite A} A EE 7)1 A= (Inclined Geosynchronous Orbit, IGSO) €A
System, GNSS)TH 57 Z|ofell H=siel o] SIPEAIAT 2 F2 BEIUh olefat AL FAL ST Aelelld 14 THA
(Regional Navigation Satellite System, RNSS) .2 FLEEc} & AL Zglslo] EAZL Aot 2|3 A E QFY A Q] S AH|
A A AAHCRZ £8 F9 GNSSZE ule] GPS, #Alote] A FHsslr) Gk tiE Rl AR Shibe x|ofol HHzie ¢
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AT MBIA Algs FR2 o= AdFEAIAH] (Korean

Positioning System, KPS) G-%-2 &% £o|1] (Ahn et al. 2020,

Joo & Heo 2020), o]= 7]& GPSe} &g IGSO 2 GEO ¢A4&

AR SV T o WIS Akolale] 4 A

Qg A ToHs AL BEE
el [$)
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l'UlO rOlv

Ho g ol uA x]od A A AE(Wide Area Differential-
RNSS, WAD-RNSS)& #Qkaich, o] AJAgle zjod 9jdapHa}
T B Ves S5kl SRR AT XYM H&

ghit
AL Z9) AHIAE AT 4 G WH Heo) RNSS Al
SJo]c. WAD-RNSS:= 1o} $h3apHAlAso] Q) 9447}
AV B} B e FHES AU 2A,
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AlA **74]7P EELQDP ﬂ—l*é%“ﬂ*]é%!iﬂ Si
FHASE A A 2 AA BE ol =T Y HA
A} oJALAZ] &3-S ¢3St Pseudo Random Noise (PRN) ic
2 AT olg SIS 9 A5 95 LI 1R B
afs1o] AFg Aol Bk BgelA ThE 2 A} MhAslE
d, 7% 94 A= @ A4 34l 7IIske @412 SIS User

Range Error (URE)Z} A o]l
SIS UREx EAIMCE 05 Yo = sk A4 EXE =
L Aog JIEN, B4 o g 249 SIS URES] &S
User Range Accuracy (URA)Z} St} URAE 94 A=y 9 A
A BBt A Y HARE Fol AFEARNA AE = o, $14d
Az it o3} 91E deFozA 917 24 HelAo) 7
A 7A19h 23] 7V AAol BEETE o1 URAL 9]
P Mol HEEeL A B F08 AL, A}
A7} ShabE Ame] BUL Tetsly obd Y SRS
o o324 ek viehid WAD RNSSS) 2

o

GPSOﬂA-] = Legacy Navigation (LNAV) T+ Civil Navigation
(CNAV) o] g AR & AlFsh, 7t :L_”“ 2 31§55 URA
= 9 wjejule) 445 4HA S el 9l LNAV ZHE GPS
&8 27|5E AHEEo] ghon], URAL 4H]E 37]2 0~159] ©
ol olel Az m3HC} US. DoD (2020)%= LNAV Zuio] URA 1}
ehule] AHEAS BAHEIGOM, ol GPS 14 HEe] HE
402, UE AEE BEsH AT 1 Aol HY
URA stebule] AFE4]o] 2 gujojof giet. of2i3t Bae] o}
2} Kim et al. (2025)2 $HHE 2]e] WAD-RNSS A AElo] Tl
LNAV %4] 7]4He] URA Thetule] AHEAlS £ o), Tioret &
& AJUbe] 2] AFE ) URA sfetule] ghe EA351e] 1 84
2 A=l
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A %J"‘/P m}a]./q WAD- RNSSQ— 71—0 z]oﬂ H/H o]—l:H/\]/\Eﬂ_,]
% FAE SlsliAlE LNAV URASL &7, CNAV URA mj2jr|E|
g o] kS F2F HAIR] A A thekslr) a5t
CNAV URA mtetule] 4k HbAlo] thgh FA14Q1 MR P H
= oF2 FNE o] Q1A Yot ESE CNAVE] URA I HiAlo]
LNAVE} Alo]5)7] wj&of, A3) &1 (Kim et al. 2025)o|A] At
© LNAV URA m2tulE] 4bE BElg 2 A 83l= o SHAI7L
At olof] & =wollA= THRIE A9 9] WAD-RNSS EH73o] &
3k CNAV URA mhetole] AHE 2dE A EA] Altsh, GEO
2 IGSO $A] 9] AT EAE vledst 1 =7+ o] & (Elevation-
Dependent, ED) 2 1% 7} H]2]&(Non-Elevation-Dependent,
NED) sletule] AH% 7142 3bA AAjsic Aloke mEle] 732
< I3, WAD-RNSS Alg@o]4d dlo]elAl& vl o2 CNAV
URAE AF&Esla, o5 2ot ALgx} 9] (Worst User Location,
WUL)o[A1 8] URES} H]ws3itt 3L 7= HESF Y] &
o] T2 URE &% %% W3} $230] CNAV URA A H(M.J k<3
|4 ol m)RE= JTS EAI5IATE viA9ho 2 Kim et al. (2025)
o] Aokt LNAV URA m}ebu|e]obs v ma}oith 2 o1 KPS
of 2k 11 ShaPIAl AR o) WehElE B HIAIA o] 7)

ok

NED m}atule]o] thsll 7]&3tct. 4730l 4= WAD-RNSSE ¢
3} CNAV URA wlelulg] A+& 88 AAsta A23kc} 53¢
ol 4= WAD-RNSS A E&o]4 Ho|EjAlE vigho 2 LNAV Y
CNAV URAS AF&E5}al Bl gt viz|eke 2 6ol A= ¢1tel
A2 GF AT WL AN,

2. CIVIL NAVIGATION MESSAGE

H Zo]| A= GPS A|AHE]Q] Interface Control Document (ICD)
of 7]&E o] ¢l CNAV &4 oA z]o]] gt W88 7HeFs] 4
2]5}9it} (US. DoD 2022a, 2022b). 21804 CNAVS] E4 &
Amdstar, 2243} 238 oAl CNAV 3] HIAA 2 AEE=
A= stetulee A4 24 stetolee] el 22} 7143,

2.1 Overview of CNAV Message

CNAVE 712 LNAV SPHH|A 2] 9] Algke dlole &3, W
dlole s, dE Al=d-E sty ¢lsl EQ=EISATH CNAV
HX| 2] = 2014 49 28 HE] TA] ul4-S SfAlEIGI .o, GPS
Block IIR-M, IIF 2 Il ¢]AoA] L2C & L5 29 E3)] A}&2}
oA AEHct.
71% LNAV HA 27} 57 MEze] 122 A4EE v
CNAV HA] 2] %= Fig, 13} Zto] 300H]|E Zo]o] =5 wjj7] thoj2



Fig. 1. Structure of CNAV packet (Navipedia 2011).
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Table 1. Newly introduced ephemeris parameters in CNAV message (U.S. DoD 2022a).

Parameter Description No. of bits Scale factor Units
AA Semi-major axis difference at reference time 26 27 meters
A Change rate in semi-major axis 25 2 meters/sec
An Rate of mean motion difference from computed value 23 2% semi-circles/sec”
AQ Rate of right ascension difference 17 2 semi-circles/sec

Table 2. Satellite clock correction parameters in CNAV message (U.S. DoD 2022a).

Parameter Description No. of bits Scale factor ~ Units

ap SV clock bias correction coefficient 26 2% seconds

a, SV clock drift correction coefficient 20 2% sec/sec

a, SV clock drift rate correction coefficient 10 2% sec/sec’

Tep Inter signal biases between L1 P(Y) and L2 P(Y) 13 2% seconds

ISC,c,  Inter signal biases between L1 P(Y) and L1CA 13 2% seconds

ISCy,¢ Inter signal biases between L1 P(Y) and L2C 13 2% seconds

ISCpy5 Inter signal biases between L1 P(Y) and L515 13 2% seconds

ISCi5gs  Inter signal biases between L1 P(Y) and L5Q5 13 2% seconds
ASEE= g7l 7|8t 22 822 AAEQIc ZF gjzle o) A DoD 2022a). 9| & o], ZAFzH(inclination angle)2] 749 LNAV
% 371U LA glon, o 7] QoA Af 7H4& fdst ol & 32H|E7} 3 11 scale factor2 27 semi-circlesE A}
Al AAE 4 Qlt} (U.S. DoD 2022a). o]a1c& 7l 7HF 2= 251 v CNAVO|| A= 33| E7| &9hE] 11 scale factors 277
AE A4, 2A1F Ao, 4143 A$41S 71sAIsE] Au|A semi-circles& AFHESHY (US. DoD 2022a).
rH AT Al £ 37 sFAMA]ZITEH (Noh et al. 2022, Kim et al. Table 1-& CNAV HA|A] o] AjEA] 2= P=d gengs
2024) < A Aot 44t A=Y FHuEl 2 7% Al-A &

TS CNAV WA A= A4 A A7 o8] 43 (Forward Error
Correction)& A 23lo] A1 ZofA] Zj7] Uje] HIE 055 o
5k, oo 24M]E CRCE 53} e 07 E PET 4+ Y=
£ A%t} (US. DoD 2022a). o]2ig 34 o7 A& 9 &
o 5L B9 4R U A5 0] AF BRAAE A%

9]
=

=

f

32
1

Al g R 4 glek 2283} 23804 S CNAV mjx]%]
F92 74 24 F URES} URAC] 93] oJake )3 7]
o she}n]eo} A7) 2 stebulele] is) Asiet.

¢

N

2.2 Ephemeris Parameters of CNAV Message

el A= gEtnlels AREARE 91/ 9 ekt 914
Axksle o] edt @ Aolth CNAV HIA| ] 7|2 LNAV 3
I SR A5 H4ES Tkl Qo o o Hue
AlFst7] flal HIE o] SrtElen d7 A2 o

uElEE Z71E 9T} (Lee et al. 2024). CNAV HA| R4 7]
2 LNAV HA| R &} F851= M5 T3} o W HIE 49} ¢
2Fe ko] (scale factor)E AFESle] AU T E A)AI51c} (US.

_ﬂ,i >

HE o] Xpo](AA), A7 WSHE-(A), mean motion X}o]&] H3}
£-(An), 18] 31 right ascension x}o]9] Mz} (AQ)o] 9t} (US.
DoD 2022a). o]&§t 7} gtatr|el &2 94 Hl=e A7 ¥
St o] Aeks BT 4= o slod, AAITE o F o4 LNAV
thH] A 914 fA] HEEE Attt (US. DoD 2022a).
H=Y getu|el & H 850 ¢aE)E-2 US. DoD (2022a)9]
30.3.3.1.3Fof| ZFA|3] 7] = o] St

2.3 Clock Correction Parameters of CNAV Message

23 AAl B setnjE s AR 94 AlA eakE
Sh= Hl B3Rl @4olth Table 2= CNAV HA|A]o] 2
HA AAl BA mretule| o] A A EE YERdCE CNAV
O] AlAl B7g aletu| el LNAVE} o7k 2] 2 22} thaha] B
ARESHH, 712 H 08 ay, ay, ap Al T, AUIEE
t}. 2L} CNAV WA 2] = LNAVe] H]5| 7 mtztuleo]
H]EE '8]—121—‘—}._‘]7_ 1:-1 xl—g E]—_?]E /\]..Q_%l—o Eu—] /\]75“ o] 94
2 34 AR Z T (US. DoD 2022a). ¢ & S0, AlA] £
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Table 3. CNAV URA; index (N) and corresponding ranges (U.S. DoD 2022a).
URA,
Index (N)

15 6144.00 < URAy;, (or no accuracy prediction is available)
14 3072.00 < URA;, < 6144.00

URA,;, (meters)

1 2.40 < URA, < 3.40
1.70 < URAy, < 2.40
-1 1.20 < URA,, < 1.70

-15 URA;;, < 0.01
-16 No accuracy prediction is available

AS VR E a,0] 72 LNAVO|| A= 228 E7} Shgbs] 11 Scale
Factor7} 27291 ¥y CNAVo|| A= 26H|E7} SFdw] 31 Scale
Factor: 2% 22 A3t} (U.S. DoD 2022a).

CNAV H|A] x| 2] & ¥} & sl Inter-Signal Correction
(ISC) mtetulg]e] Z7lolt} ISCy AR ohE Fube tof 7+ 51
Eglo} 491 o] & wHe}] ik wfolel 2, ALgA) o A
S5 XA BAS 288k 4 9lA| it} (US. DoD 2022a). LNAV
A= G Tgp, BT A5 LLP(Y)L} L2 P(Y) 7He] 415 A
AHE B 4 ST ¥ CNAV HAA] = Tepot HEo]
L1, L2, L5 b o 7F & A 2fol§ B8 = UES
ISCyica, ISCpye, ISCyys 5 Ad ¥ ISC FEt|EE % "“?_er (Us.
DoD 2022a). 914 AlAl B4 Fetvlelg A&ole gare|ES
U.S. DoD (2022a)2] 30.3.3.34 0] Z}A|5] 7]< 5] o] 9Jtt

3. URA IN CNAV MESSAGE FORMAT

3ol Q1Fe uke} o] CNAV HIAIA o] AE et A1A] B
stetule s LNAVe] Hls] o HashA Rdw e o 4us
ZH=Th o] 2 Q13 CNAVE: LNAVe] I3} of 2He 9h A=
1A 9312 AFE 4 9o, o AT URES 24T 4 9]
E]- (GPS Official Website 2023). CNAV URAE 7] LNAV URA
o] 471 24 m¥Th B 2 F7HA] TPo] TFsSHES A
gglon], mEzte] QS W ED URASH GEE WA ot
NED URAZ JLEs}lo] M43lc} (US. DoD 2022a). 3181} 327

ol A= GPS A|AE 9] ICDe] HAE CNAV HA] 2] ] ED2} NED
URA]| thsl] ZHzF Awgic} (U.S. DoD 2022a).

H

N EN oX
[o

>~n1

3.1 Elevation-Dependent URA

S 7}o]| e} ¥H3}s= ED URAE Scale factor &
2}, Along-track & Cross-track 9J4] A= 918 £
?_ .S. DoD 2022a). ©] KA F -160]|A] +15 H{E ZH=5
EQYAR M0, URA Adiof sl 772 Table
30llA] EIsH 4= @It} (U.S. DoD 2022a). HH5H QlElAL= s
A 519 77k el fmaled, 319 77kt 914 7hA e
(footprint)ef] wha} ¥k 4= 9Jt} (U.S. DoD 2022a). ED URAE 9]
4 231 (nadinell A= 0ol 77hm, $14 7190 FhgAte)
o Hehghe 7HIek. meba ED URA QIS At 914 7h419]
W Hote] 9RCHIG gReleld AEe wE 77k 5k

Eyo
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Table 4. CNAV URAp, index (N) and corresponding ranges (U.S. DoD
2022a).

URANEUO
Index (N)

15 6144.00 < URAyp, (0r no accuracy prediction is available)
14 3072.00 < URAygp, < 6144.00

URA g, (meters)

1 2.40 < URAy, < 3.40
1.70 < URAygpp < 2.40
-1 1.20 < URAyey < 1.70

-15 URA~eno < 0.01
-16 No accuracy prediction is available

oJAkE]= || ED URAE ul-e-Tsfjof S} (U.S. DoD 2022a).

ALgAHE 4413 URA AUAS B3] 5 714 URA, &
nominal URAS} Integrity Assured URA (IAURA)ZE AAFSF 4= Q)
o} (US. DoD 2022a). IAURAE $07] URA 17k 2|HZHS AL
£ol, SIS F47 Aol & ARg-Ert ¥HH nominal URAE
2747 7VEA) A4 2L AR B 7% BEHD US,
DoD 2022a). & 3t B5F 914 AL=ZHE)S] J3F a12dste] cos(E)
33 ZAZHE AAKSEo 24 ED URAE Ho)t AslsHA 54
251} (US. DoD 2022a). & o311 [AURAS] A 2s5}0] BAL
P, o] F EEoA AFE+ URAE HEL AFo] §le
H5 JAURAE oujgich 245 ED URAE 4] (D} 2o,
nominal URA Q] Ak Y-8-& U.S. DoD (2022a)2] 30.3.3.1.1.4%4 o
A 213 4= Ik,

R} m{m
1

2

Adjusted URAgp = URAgp - cos(E) (1)

3.2 Non-Elevation-Dependent URA

[e]

Qe 22, AT 9111 ox %% :@ﬂu} (US.
D0D 20223). URA = AlZHOl Tl 22} oA 0 2 B ElR =,
ZJI- 62’]—_04 7’Lﬂ‘/l\‘ URANEDO; URANEDI E?Q URA NED27}‘ CNAV Dﬂ*] Z]_,_ Hc]'
SETE URA Gy Q1 A= URAL QL ORRZIR| R -160f14] +15 ¥
)2 zt= 5H|E QI AR H 4T 1 Table 40 wla} URA Zto 2
Hslec) (US. DoD 2022a).

URAep @t URA g, A= ZHZE 00)|A] 7 ¥ 9]2] 3HIER
ASE, ZF A A= 4@ EJOI obd 4] (2, 3)o] wia} URA
o2 ket B AddAs g A=Y Ty 231 Yol
A gash, 94 7YY LH 4‘44 AN A A== =]
NED URAE v} E35fjof 3hc} (U.S. DoD 2022a).

o

1
URAngp1 = oy (meters/seccond), (2)

where N; = 14 + URAygp, Index.

1 2
URAygp2 = oM (meters/seccond?), (3)

where N, = 21 + URAygp, Index.



4171 A5E Al 7§2] NED URA ¢lE 2

9} Zro] Adjusted URANEDE AAFsE 4=~ 9t} t= GPS A7
(%), WN& GPS & Hzo|u, 1, 3} WN,+& Clock, Ephemeris,
Integrity (CED) o9 7|& AlZt& UEhdTh Are CEI Hlo]E] 7
I} A|7HS oJu]Eh, A7} 93,600 2(26 A]7D) o]5HY w1z} &
o o] & 21 22} 7R TS| URA,E A4S 07]
A 26 A 7HE GPS2] A%F 29 (extended navigation) EEO]|A]
5185 2o 98] J7tolc) (U.S. DoD 2022a).

442 e A @)

Adjusted URAygp

At < 93,600 seconds,

URAygpo + URAygpy - At,
At > 93,600 seconds, Q)

" | URAwgpo + URAygp: - At + URAygpz - (A1),
where At =t —tp + 604,800 - (WN — WNyp)

4. URA CALCULATION IN CNAV FORMAT
FOR KOREAN RNSS

2 o] A= WAD-RNSS 2730l 2tk CNAV URA 4H 1
W2 ARKRICE E3, ARk U 2-& WAD-RNSS $149] %
2 A= slolejAlo] A -gslo] CNAV URAS AHES}aL, WUL
UREQ}O] B 25 E3) 71 ebAl S A=}

4.1 CNAV URA Computation Method for Korean
RNSS

CNAV URA+ CNAV 3 A H o] H3le 5 el
H D
(e}

A
Kim et al. (2025)% 4] (5%} 7] WAD-RNSS2] LNAV URA

AREAE ARtk

1
URApyay = \/% (a2(T) + 02(T)) + a2(T) + 02(T) + 2. (5)

o371 ¢,, o, o= Along-track, Cross-track, Radial #H|= 22}
o] of|& FFHAL, o= 13 AlAl 23] Al FEHAL 0,2 7]
B REy oxpo] RIS UL of| & BEHA = W
F HAIZ 9] Hof AY 717 B 2T 58 7170 slgele
AZHDNA &= = FEEAE U3t} (Rivers 2000). GPS
LNAV URA 4H& Aol = GPS 91449 @& 1% 3 7H P
£ wedsle] 43 (Along/Cross-track) H= 2} B AL
11602 AHAA5oick v SHtE x]o] WAD-RNSS ¢J49] 1%
+ GPS VRt A e g 31 7YY F7] dizell Kim
et al. (2025)0l4= A (92} Zo] 3 A= 28] & A+E
1362 24519t

CNAV URAE Al (1)9] Adjusted URA,2F A1 (4)2] Adjusted
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URApp @] Alet Al 2 Antem, A (03 Atk

URAcyay = +/(Adjusted URAgp)? + (Adjusted URAygp)?. (6)

o174 URAE $H9] TE2to] wfeh walshe oxf 482 =
Qs £ A% 237} Fa abolch B ATIME A (7)
3} ko] URAL, S AHT 2 Aoketck

% /aj(T) +02(T) = URAgp. (7)

A (79 2L £ Y= 27} g &=
Zkolm, LNAV URAL= ©] 718 WUL o]9]9] BE 11

L

31| 282k WA CNAV URAE E2fo] ol a4
[e)
=

2} 88 URAL,Z A5, Adjusted URA = oE 31 =7 oA

T AR £ oAbE B4A o R uhe B 4 Q1A Hrt A

> o 1> |
$
)
=2
R

L DEZ 9IS Wgs) LNAVECH FoRAE 1
#0) URAZ 4138 4 9lck
URAt= $140] TEZ3t 5t 03 422 maleslw,
F2 A4 0o} Radial AS 2347} %8 aolch & e
A Al ®)3} 220] URA & AT 28 Aokt

\/a,%(At) + 02(4t) + 02 = URApngp (8)

Al (8)9] 212 LNAV URAS] Radial A%, AlA| H 2Ely @
Aol REUAE ATFE] AF23 Aotk ol WEFES

URA & Z75H4, Adjusted URA = EE oS AlTHe] T3]
Radial A, A4 0 29 @75 =T 4 Yok

URAygp < URAngpo + URAngpy - At, VAt € [0,T]. (9)

)2 Abo] 9360028 ZTSH P70 A9, 234G L
gk

URAygp < URAygpo + URAygp: At + URAygp, - (At)%, At €[93,600,T], (10)

A3l 0 2 URA,, QJEIAL Table 3of) whe 714 el o
2 A} 9, URA, AEIALE B 4] 8)9] URAwE 7l
A %, 0| 714 Bfo] EslA| HFES 4 Qi NED URA 919
A 23He AT} o|uf] URA = Table 42 w2 m, URA
T URA el Z17F 4] (2, 3)0]] e} QA wighele), 2 17
oA 7Pset BE 23 A4 2AVs}e] g AIRF HE] el
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Fig. 2. Visualization of CNAV URA components and their dependence on elevation angle (E) and prediction time (At). The left panel illustrates the Elevation-
Dependent (ED) component, with the blue line representing Adjusted URA,. The right panel shows the combined ED and Non-Elevation-Dependent (NED)
components, with the solid red line representing the final URAqua. URAg1(0) and URAg1,.(T) indiicate the true ED URA values at prediction times 0 and T,
respectively, while URA;,.(0) and URA;.(T) denote the true values of the final URA at those times.

Fig. 3. Worst user location URE derivation: Analytic geometric (right) and
numerical grid method (left) (Heng et al. 2012, Kim et al. 2025). Here, v
is the ephemeris error vector, and cAT is the clock error. In the analytical
method, a is the angle between the beam centerline and the error vector,
while B is the beamwidth angle. 6 is the user location angle relative to the
centerline. In the numerical grid method, URE(j, j) is the computed URE at
each grid point within the beamwidth constrained by the mask angle. The
maximum URE corresponds to the worst user location.
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4.2 CNAV URA Validation Results
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Fig. 4. Comparison of the proposed URA,, and URA, with the ED and
NED components of the worst user location UREs for GEO satellite.
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Fig. 5. Comparison of the proposed URA,, and URA, with the ED and
NED components of the worst user location UREs for IGSO satellite.
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5. CNAV URA ANALYSIS RESULTS
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Fig. 6. URA;, and URAg, of IGSO satellite: Domestic-only (top) and
domestic/international (bottom) reference ground stations.

Fig. 7. LNAV and CNAV URA of ISGO satellite: Domestic-only (left) and
domestic/international (right) reference ground stations.
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Table 5. LNAV and CNAV URA indices across various prediction time.

Prediction time (hr)
Message type Index(N) Domesticonly ~ Domestic/International

4 8 16 24 4 8§ 16 24
LNAV  URA 5 6 7 8 2 3 5 6
URAyp, 2 4 6 4 1 2 3
onay URAwmo 56 7 8 1 2 4 4
URAwy 7 7 7 7 0 0 1 0
URAyy, N/A 7 7 N/A 0 0
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6. CONCLUSIONS
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