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ABSTRACT

The navigation message is composed of the information contained in the message and the structure for transmitting this
information. In order to design a navigation message, considerations in terms of message content and message structure must
be elicited. For designing a Korea Positioning System (KPS) navigation message, this paper explains performance indicators
in terms of message structure and message content. Most of the performance analysis of GNSS navigation messages already in
operation was performed only for Time-to-first-fix-Data (TTFFD). However, in the navigation message, the message content is
composed of Clock-Ephemeris Data (CED) and additional information. So, this paper proposes a new performance indicator
R_(Non-CED) that can be analyzed from the viewpoint of receiving additional information along with an explanation of
TTFFD focusing on the CED reception time. This paper analyze the performance in terms of message structure using these two
performance indicators. The message structures used for analysis are the packetized message protocol like GPS CNAV and the
packetized and fixed pattern message protocol like GPS CNAV-2. From the results, it is possible to proffer how KPS navigation
messages can have better performance than GPS navigation messages. And, these two performance indicators, TTFFD and
Ry, ey €an help to design the minimum TTFF required performance of KPS navigation messages.
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o] A= 2 D& Al FET 5 e WA R A
=]git} (Galileo ICD 2016, NavIC ICD 2017).
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Table 1. Characteristics of GNSS navigation message.
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Table 2. Contents of conventional GNSS Navigation message.

Data Function
Satellite clock correction & ephemeris Calculation of satellite’s position and system time
System time reference Calculation of transmission time
Almanac parameters Select visible PRN / Reducing doppler search bin
Broadcast group delay parameters Estimation group delay
Ionospheric correction Estimation ionospheric delay
GNSS time offsets Time offset about another system

GNSS time to UTC Conversion parameter

Calculation UTC time

Signal-in-space accuracy (SISA) / User range accuracy (URA) -

Health status parameters
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Fig. 1. The message structure of the packetized message protocol.

Table 3. Cases of the message broadcasting schedule.

Case Description Example
1 Size of CED > (Length of information bits) 2 s i
2 Size of CED > (Length of information bits) 1

3 Size of CED < (Length of information bits) 1 e
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A& HWdsl7] 1k Preamble, $14] PRN A H, WA Z] EFY] A H,
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Table4. Parameter setting for performance analysis.

Parameter Range Index
Length of CED 420-480 bits
Length of the packet 300-500 bits
Data rate 50 bps

Length of information bits in 1 packet

238-538 bits
Broadcast interval the parameter of non-CED -

o Q0 T e

Table 5. Comparison the length of CED for each GNSS.

Length of CED [bits]

Fixed message protocol

Packetized message protocol

Packetized and fixed pattern
message protocol

GPS QZSS  BDS GPS  QZSS

BDS GPS  QzSS  BDS

NavIC

LNAV LNAV D1/D2 CNAV CNAV BCNAV2 CNAV2 CNAV2 BCNAV1

412 412 433 477 477

481 477 477 481 420
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Time to read CED
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Reading time of
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Reading  third packet
time of
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Fig. 2. Time to read CED as a function of the reading epochs in the case of
error free data.
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Fig. 3. PDF of the time to read the CED in the case of error free data.
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The number of section which is P<y<P,

P, <t<P
%x([a+d]+l) 1=t 2
f() = The number of section which is Py<y<P; (12)
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Fig. 4. CDF of the time to read the CED in the case of error free data.
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Fig. 8. A method of the time to read CED from GPS CNAV-2 message as a
function of the reading epochs.
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Table 6. Parameter setting for performance analysis.

Parameter Range Index
Length of CED 420~480 bits a
Length of the frame 850~1,200 bits b
Data rate 50 bps c
Length of subframe 1 9 bits d
Length of subframe 2 550/600 bits e
Length of subframe 3 274~674 bits f
Broadcast interval the parameter of non-CED - g

Time to read CED

) 1
1
@10 ]
- !
1
8r 1
1
1
6 1
1
4+ 1
Reading time of
2+ 1Frame
0 . . L L . . .
0 5 10 15 20 25 30 35

Reading Epoch[s]

Fig. 9. Time to read CED as a function of the reading epochs in the case of
error free data.
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Fig. 10. PDF of the time to read the CED in the case of error free data.
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Fig. 11. CDF of the time to read the CED in the case of error free data.
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