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ABSTRACT

Time comparison techniques are required for generating and keeping Coordinated Universal Time (UTC) and to distribute

standard clocks. These techniques play an important role in various fields, including science, finance, military, and

communication. Among these techniques, Two-Way Satellite Time and Frequency Transfer (TWSTFT) ensures a relatively

high accuracy, with a time comparison accuracy at a nanosecond level. However, TWSTFT systems have some limitations,

such as the dependency on extra network links. In this paper, we propose an improved method for TWSTFT system operation

and design a message structure for the suggestion. Additionally, we estimate the data rate and redundancy for the new

TWSTEFT signal with the designed message structure.
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Fig. 1. Principle of TWSTFT.
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Table 1. Specification of commercial TWSTFT modems.
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SATRE modem SRS modem
Types Specifications Note Specifications Note
IF frequency 70+15 MHz 70+1 MHz
No. of Tx channel 1 2

1 ~ Max 3 channels
(Completely independent)
(1 channel has only 1 correlators)

No. of Rx channel

1 with 4 correlators

External External
Reference 5/10MHz 10 MHz
1PPS 1PPS
NTP (RJ45, 10 Mbit/s)
0.1
1.0
Code chip rate ég Mcps 1 Mcps
10.0
20.0
Code sequence - non-public information GPSL1C(M)
Code number of types 32 éﬁ gifg;slgé\gcﬁ()ier) 32
Code length 4ms (in 2.5 Mcps) unofficial information 20,000 bits (=20 ms)
Overlay data speed 250 bps unofficial information 50 bps
Overlay data length 500 bits (500 bits =2 s) unofficial information 500 bits (1 cycle: 20 ms) (500 bits = 10 s)
Data structure - non-public information Preamble only opened non-public information
Output data interface NI:VZ\;?&%?PO, 113};;%) USB 2.0
BPF
Built-in Rx amplifier
Rx attenuator

110 VAC+10%, 50 to 60 Hz

Drive voltage 230 V AC+10%, 50 to 60 Hz

DC12V,max1.5A

Manufacturer TimeTech

NICT & Spectra Co.
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Table 2. Report format of the individual 1-s measurements for TWSTFT.

D Description
atatype Format Contents
Format example Ljjjjjhh.mmR
L L Local station
Data file R R Remote station
name  Time tag MJD jiiii Session MJD [d]
Time tag Hour hh Session hour [h]
Time tag minute Mm Session minutes [m]
Format example Parameter = Value [units] [jjjjj hhmmss]
Type information
Parameter Parameter “UTC(LAB)-CLOCK"
“CLOCK-1PPSREF”
Fixed point value
Value Value Case 1: 12 decimals, corresponding to 1 ps resolution
Header Case 2: 3 decimals
Units
Units Units “Is]”
Time tag MJD jiiii Reference time MJD [d]
Time tag hour hh Reference time hour [h]
Time tag minute mm Reference time minutes [m]
Time tag second ss Reference time second [s]
Format example Data = [1PPSTX - 1PPSRX] | [IPPSREF - 1PPSRX] | [..],
- Data Fixed character
Data type Type Information for 1-s data
Data type [ “]PPXTX-1PPSRX”
Format example jjjij hhmmss n.nnnnnnnnnnnn
Time tag MJD jiiii Data time tag MJD [d]
Data Time tag hour hh Data time tag hour [h]
Time tag minute mm Data time tag minute [m]
Time tag second ss Data time tag second [s]

Value of a time interval (s) +n.nnnnnnnnnnnn  Fixed point value (12 decimals, correspondingto 1 ps resolution)
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Fig. 2. Conventional TWSTFT operation concept.
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Fig. 3. New operation concept of TWSTFT without extra network.

Index| 0 | 1|2 |3 |4|5|6|7[8|9|10/M1
Preamble (8 bit) Message ID (8 bit)
Session Index(32 bit)
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Message Data Field (254 bit)

Commen Format

Error Correction Information(Parity, CRC, or LDPC) (30 bit)

Fig. 4. Common message format for individual 1-s measurements raw data.
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Table 3. Common field message format for individual 1-s measurements raw data.

Item Details Data type M Note
Min.  Typ.
Link ID - Int (3 digits) 10 16  Numbersupto2'®
Session Session MJD Int (5 dights) 14 16
index Session index in day Int 10 16

Table4. Data field message format for individual 1-s measurements raw data (Every session).

Data size [Bit]

Item Details Data type Min.  Typ. Note
Parameter Symbol 3 8 256 cases
Headerdatatypel  Fixed point49 bit or [EEE double 64 bit 49 64 12 decimals required
Time tag MJD Int (5 digits) 14 16
UTC(VSL) - CLOCK Time tag hh Int (2 digits) 7 8
Time tag mm Int (2 digits) 7 8
Time tag ss Int (2 digits) 7 8
Parameter Symbol 3 8 256 cases
Headerdatatypel  Fixed point 49 bit or IEEE double 64 bit 49 64 12 decimals required
Time tag MJD Int (5 digits) 14 16
CLOCK - IPPSREF Time taghh Int (2 digits) 7 8
Time tag mm Int (2 digits) 7 8
Time tag ss Int (2 digits) 7 8
Parameter Symbol 3 8 256 cases
Headerdatatypel  Fixed point49 bit or IEEE double 64 bit 49 64 12 decimals required
Time tag MJD Int (5 digits) 14 16
1PPSREF - IPPSTX Time taghh Int (2 digits) 7 8
Time tag mm Int (2 digits) 7 8
Time tag ss Int (2 digits) 7 8
Parameter Symbol 3 8 256 cases
SIGNAL POWER Header data type 2 Fixed point 12 bit or IEEE float 32 bit 12 32 2 decimals required
Parameter Symbol 3 8 256 cases
SIGNAL C/NO Header data type 2 Fixed point 12 bit or IEEE float 32 bit 12 32 2 decimals required
Parameter Symbol 3 8 256 cases
RFFREQUENCY Headerdatatype3  Fixed point 32 bit or IEEE double 64 bit 32 64 8 decimals required
Parameter Symbol 3 8 256 cases
JITTERDATA Headerdatatypel  Fixed point49 bit or IEEE double 64 bit 49 64 12 decimals required
DATA Parameter Symbol 3 8 256 cases
Header data type 4 Symbol 3 8
Parameter Symbol 3 8 256 cases
Spare 1-5 (Symbol type) Header data type 4 Symbol 3 8
Parameter Symbol 3 8 256 cases
Headerdatatypel  Fixed point 49 bit or IEEE double 64 bit 49 64 12 decimals required
Time tag MJD Int (5 digits) 14 16
Spare 1~5 (Double type 1) Time tag hh Int (2 digits) 7 8
Time tag mm Int (2 digits) 7 8
Time tag ss Int (2 digits) 7 8

v fixed point 7]& XA t]o]&] 3.7] L IEEE float T+ double
& 28 474 +29] dolE 2718 Flsk3ic. Table 5 o)
Z A= dlolel2 AA dlole] 27 HA| A28 75 4]
A ol5l= session F7]¢f| what ¥7J =, Table 49} ZHo] 24 4
23 ) dlole] 2712 B ojsioir.

4.4 ME AQAI2F Y Session AJZHo]| EE 27 HIOJE] MEE
o HAIX] 2 4=

4

2 Aol T 12 AREHAE 271571 917 olAIA
£ RF A'del] TF57] 13 27 dlole] A4S
gtk 7 dlole AEES £E5h] PHAE AEsiof sk
5 dlole] 3719 3 Hlolel g AHsho AL A7kl 4
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Table 5. Data field message format for individual 1-s measurements raw data (Every 1-s data).

It Detail Dat Data size [Bit] Not
em etails ata type —_— ote
P Min.  Typ.
Time tag MJD Int (5 digits) 14 16
Time tag hh Int (2 digits) 7 8
Measurement data Time tag mm Int (2 digits) 7 8
Time tag ss Int (2 digits) 7 8
1-s measurements (sec) Fixed point 49 bit or [EEE double 64 bit 49 64 12 decimals required
Table 6. some cases of TWSTFT session interval.
TWSTET Reference documents
session ITU-R-1153-4  TWSTFTschedule =~ Summary for the GSOP 2019
examples Eu-Asia E80 TWSTFT calibration report
Session interval [min] 3 6 3
Preparation time [min] 1 1 1
Measured time [min] 2 5 2
Table 7. Required data rate [bps] and redundancy [#] as transmission time and session time.
Session time [s] 180 (3 min.) 360 (6 min.) 900 (15 min.) 7,200 (2 hour)
Trans-missiomn . . ) .
time [s] Min. [bps] Typ.[bps] Red.[#] Min.[bps] Typ.[bps] Red.[#] Min.[bps] Typ.[bps] Red.[#] Min.[bps] Typ.[bps] Red.[#]
30 722 902 6 1,406 1,748 12 3,452 4,283 30 27,344 33,860 240
60 361 451 3 703 874 6 1,726 2,142 15 13,672 16,930 120
180 121 151 1 235 292 2 576 714 5 4,558 5,644 40
300 141 175 1 346 429 3 2,735 3,386 24
360 118 146 1 288 357 3 2,279 2,822 20
600 173 215 2 1,368 1,693 12
900 116 143 1 912 1,129 8
1,800 456 565 4
3,600 228 283 2
7,200 114 142 1
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—e— [Min.]Session time 3.0 [min] —e— Session time 3.0 [min]
[Min.]Session time 6.0 [min] Session time 6.0 [min]
—4+— [Min.]Session time 15.0 [min] —+— Session time 15.0 [min]
—%— [Min.]Session time 30.0 [min] —¥— Session time 30.0 [min]
B —m— [Min.]Session time 60.0 [min] —m— Session time 60.0 [min]
[Min.]Session time 120.0 [min] Session time 120.0 [min]
—e— [Typ.]Session time 3.0 [min]
—< [Typ.]Session time 6.0 [min] 102 4—14
—e— [Typ.]Session time 15.0 [min] i
—»— [Typ.]Session time 30.0 [min]
07 —e— [Typ.]Session time 60.0 [min]
—w— [Typ.]Session time 120.0 [min]
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Fig. 5. Required data rate as transmission time and session time.
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Fig. 6. Message redundancy as transmission time and session time.
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