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1 usno  26.001 0.686/30 0.049/34 0.382/68
B2 su 14019 0.935/15 -/00 0.935/15
3 s 7.57 0.819/08 0.054/19 0.280/27
N nict 6.952 0.675/06 0.091/32 0.183/38
5 NisT 5231 0.49509 0.086/09 0.291/18
e - 5.038 0.93704 0.059/22 0.194/26
7 nNrsc 3.945 0.210/07 0.085/29 0.110/36
e ~nm 388 0.470/06 0.052/07 0.245/13
e T 3.179 0.705/04 0.089,/04 0.397/08
0 ApL 2.908 0.939/03 0.045/02 0.582/05
i1 nmu 2508 0.52604 0.13403 0.35807
W2 e 2.35 0.51504 0.101/02 0.294/08
43| MIKE  1.889 0.626/03 0.011/01 0.472/04
2N ocvv 1566 0.939/01 0.15704 0.313/05
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106+ A& BIPM Circular T358(2017 NOVEMBER 14)% fi T4 ¢ » “ihi7 & b %
PR R E BRI R R AT T

|

CIRCULAR T 358 ISSN 1143-1393
2017 NOVEMBER 14, 10h UTC
BUREAU INTERNATIONAL DES POIDS ET MESURES
ORGANISATION INTERGOUVERNEMENTALE DE LA CONVENTION DU METRE
PAVILLON DE BRETEUIL F-92312 SEVRES CEDEX TEL. +33 1 45 07 70 70 FAX. +33 1 45 34 20 21 tai@bipm.org

The contents of the sections of BIPM Circular T are fully described in the document "Explanatory supplement to BIPM Circular
"
available at ftp://ftp2.bipm.org/pub/tai/publication/notes/explanatory_supplement_v0.1.pdf

1 - Difference between UTC and its local realizations UTC(k) and corresponding uncertainties.
From 2017 January 1, Oh UTC, TAI-UTC = 37 s.

Date 2017 Oh UTC SEP 28 OCT 3 OCT & OCT 13 OCT 18 OCT 23 OCT 28 Uncertainty/ns Notes
MID 58024 58029 58034 58039 58044 58049 58054 uA uB u
Laboratory k [UTC-UTC(k) ]1/ns
AOS  (Borowiec) -4.1 -3.7 -3.8 -4.1 -4.3 -4.3 -4.5 0.5 2.9 3.0
APL (Laurel) -2.7 -2.2 -1.8 -1.4 0.2 1.9 2.8 0.4 10.9 10.9
AUS  (Sydney) 387.6 391.1 392.1 388.6 380.1 368.8 358.8 0.4 59 5.9
BEV (Wien) 11.1 8.3 1.9 7.4 4.5 1.8 4.0 0.4 2.9 3.0
BIM (Sofiya) 7137.2  7193.6  7224.9  7281.5 7290.2  7331.7 7355.7 0.7 2.9 3.0
BIRM (Beijing) 30.3 24.7 21.9 18.7 13.3 10.0 8.3 0.7 2.8 2.9
BOM  (Skopje) -842.1 17.0 17.1 22.5 27.3 35.8 39.8 0.4 2.9 3.0(
BY  (Minsk) 3.6 2.4 0.1 -0.8 -6.0 -7.4 -8.0 1.5 9.3 9.4
CAO (Cagliari) - - - - -
CH  (Bern-Wabern) 27.9 34.2 24.3 17.0 12.1 5. 1.9 0.4 2.1 2.1
CNES (Toulouse) 23.2 20.2 15.7 2.4 0.6 -4.3 -6.0 0.4 4.3 4.3
CNM  (Queretaro) -0.4 1.7 -4.0 -9.3 -7.8 -4.5 2.1 2.5 11.1 11.4
CNMP (Panama) 21.3 17.0 28.6 27.8 27.9 27.1 35.9 0.6 7.2 1.2
DENT (Tunis) 21007.3 21217.7 21425.0 21608.4 21796.4 21969.8 22177.3 0.7 20.0 20.0
DLR (Oberpfaffenhofen) 285.0 414.9 651.0 - - 712.4 493.3 0.7 2.9 3.0
DMDM (Belgrade) 13.8 13.9 10.2 -3.7 4.3 -8.8 -10.2 0.4 2.9 3.0
DTAG (Frankfurt/M) 21.5 17.7 14.6 7.6 -1.4 -3.4 -9.8 0.4 2.8 2.8
EIM (Thessaloniki) 8.6 4.4 14.8 4.5 10.4 -1.8 35.7 4.0 11.3 12.0
ESTC (Noordwijk) 5.0 2.8 1.6 1.7 0.4 -0.5 -3.0 0.4 2.8 2.8
HKO (Hong Kong) 1125.8  1143.2  1153.5 1161.2 1165.2 1180.4 1198.0 0.4 7.4 174
ICE (San Jose) 2.5 - - - - - - 0.4 7.2 1.2
IFAG (Wettzell) -935.3  -926.2 -928.6 -920.0 -932.7 -940.3 -935.9 1.0 5.9 6.0
IMBH (Sarajevo) 2.7 4.6 3.0 8.2 1.3 2.1 7.6 0.4 7.1 7.1
INCP (Lima) 117.7 108.3 102.8 83.6 91.9 77.5 80.6 5.0 20.0 20.7
INM  (Bogota D.C.) 12.1 12.9 17.1 3.8 4.6 12.4 -1.4 2.5 20.0 20.2
INPL (Jerusalem) -51.9 -54.4 -55.6 -57.1 -64.8 -74.2 -80.1 0.4 7.1 7.1
INTI (Buenos Aires) 23.7 8.7 10.1 24.7 42.1 36.7 37.8 2.5 20.0 20.2
INXE (Rio de Janeiro) -7.0 -13.9 -13.9 -12.9 -6.5 1.0 5.0 0.4 20.0 20.0
IT  (Torino) -2.9 -2.3 -3.0 -3.9 -4.8 -4.1 -4.6 0.5 1.8 1.9
JATC (Lintong) 2.6 5.3 7.5 4.3 3.9 4.1 2.7 0.4 10.2 10.2
IV (Kjeller) -19.6 -11.0 2.0 10.0 14.6 15.6 9.9 0.4 20.0 20.0
KEBS (Nairobi) - - - - - - -
KIM (Serpong-Tangerang) 173.8 176.0 173.8 185.2 197.4 190.6 199.7 2.0 20.0 20.1
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KRIS (Daejeon) 52.9 52.1 47.5 38.3 25.4 8.2 -6.4 0.4 11.1 11.1
KZ  (Astana) -301.0  -288.2  -285.1 -272.2  -267.1 -257.5 -241.1 1.5 9.3 9.4
LT  (Vilnius) 181.8 176.5 155.8 174 .4 180.1 179.0 173.8 2.0 11.3 11.4
MASM (Bayanzurkh) -60.0 -84.9  -104.0 -122.7 -139.4 -156.6 -167.5 0.7 20.0 20.0
MBM (Podgorica) 53658.6 53937.4 54246.7 54576.1 54882.4 55202.5 55517.7 1.5 20.0 20.1
MIKE (Espoo) -0.7 -1.2 -1.8 -2.5 -2.6 -2.9 -2.6 0.7 4.2 4.3
MKEH (Budapest) -66237.0 -66429.2 -66633.1 -66843.2 -67041.8 -67243.1 -67440.5 1.5 20.0 20.1
MSL (Lower Hutt) 321.8 292.9 318.9 322.5 330.0 323.4 313.2 1.5 20.0 20.1
MTC (Makkah) 1187.0  1206.0 1218.5 1227.7 1238.9 1245.7 1253.4 1.7 7.7 1.9
NAO  (Mizusawa) 75.7 77.6 84.7 82.7 74.8 76.8 77.5 2.0 20.0 20.1
NICT (Tokyo) -1.9 0.5 3.1 6.3 8.4 10.4 13.7 0.4 2.2 2.2
NIM (Beijing) 2.9 1.3 0.7 2.2 -1.1 -3.1 -2.0 0.7 2.1 2.2
NIMB (Bucharest) 1808.5 1795.9 1831.0 1828.0 1823.5 1850.0 1891.3 0.4 7.2 1.2
NIMT (Pathumthani) 221.5 221.4 222.7 228.8 228.7 226.0 229.7 1.0 20.0 20.1
NIS (Cairo) -55.3 -41.6 -22.4 4.0 30.2 43.3 49.7 1.6 20.0 20.1
NIST (Boulder) 1.4 0.6 0.1 -0.3 -0.4 -0.3 0.2 0.4 2.1 2.1
NMIJ (Tsukuba) 3.0 2.9 3.3 3.5 3.6 3.4 3.5 0.4 2.8 2.8
NMLS (Sepang) 829.3 837.0 941.5 996.8 1049.9 1100.6  1155.7 1.0 20.0 20.1
NPL (Teddington) 3.1 3.5 4.5 4.9 4.2 3.4 3.1 0.4 2.7 2.8
NPLI (New-Delhi) 9.7 5.7 3.0 2.4 0.3 -5.1 -4.2 0.4 19.9 19.9
NRC (Ottawa) 44.7 41.9 45.1 46.1 40.4 43.2 47.5 0.4 2.8 2.8
NRL (Washington DC) - - - - - - -

NTSC (Lintong) -0.2 1.9 4.2 1.1 1.0 0.8 -0.2 0.4 2.0 2.0
ONBA (Buenos Aires) -2225.0 -2230.0 -2228.4 -2239.3 -2230.9 -2232.7 -2235.0 2.5 11.3 11.5
ONRJ (Rio de Janeiro) 1.7 -0.9 1.6 4.0 -1.3 0.1 4.5 1.0 7.6 7.7
OP  (Paris) 2.7 2.2 1.6 1.3 0.5 0.0 -0.3 0.4 1.6 1.7
ORB  (Bruxelles) 1.9 0.8 0.8 0.2 0.2 0.0 -0.2 0.4 2.7 2.8(2)
PL  (Warszawa) 10.8 8.4 5.0 9.5 3.5 5.8 -5.0 0.4 3.4 3.4
PTB (Braunschweig) 1.5 1.6 1.6 1.5 1.6 1.2 1.2 0.2 1.2 1.2
ROA (San Fernando) 0.5 0.8 0.8 1.7 0.1 -1.3 -2.9 0.4 1.8 1.8
SASO (Riyadh) -621.9  -632.5 -630.8 -634.9 -643.3 -648.3 -653.0 0.4 7.4 174
SCL  (Hong Kong) 21.5 25.4 32.6 41.8 45.9 51.4 55.0 5.0 14.1 15.0
SG  (Singapore) 3.1 5.0 5.0 2.2 3.6 5.5 7.3 0.7 5.9 5.9
SIQ (Ljubljana) 323.9 318.1 303.8 314.9 290.4 303.3 279.1 0.4 7.4 7.4
SMD (Bruxelles) 2.5 4.0 10.6 2.2 1.7 7.1 4.0 0.4 7.7 7.7
SMU (Bratislava) -1449.4  -1460.0 -1467.7 -1482.0 -1488.8 -1493.2 -1488.5 1.5 12.3 12.4
SP  (Boras) 0.9 0.6 0.1 -0.6 -1.0 -1.5 -1.8 0.4 1.7 1.7
SU  (Moskva) 2.5 1.1 0.6 -0.4 -1.1 -1.2 -1.9 1.3 6.1 6.3
TL  (Chung-Li) 3.1 5.0 4.8 3.3 1.8 0.8 -0.3 0.4 2.1 2.2
TP (Praha) -5.2 -3.1 1.6 -0.2 12.1 12.4 17.0 0.4 6.5 6.5
UA  (Kharkov) -1.1 -1.9 -3.6 -1.4 -1.7 7.1 5.1 1.5 8.7 8.8
UAE (Abu Dhabi) 19.1 24.1 26.4 20.0 21.4 26.1 32.8 4.0 8.2 9.1
WE (Gebze-Kocaeli) -2560.9 -2608.5 -2666.4 7.7 5.3 9.6 9.2 0.7 2.9 3.0 (3)
USNO (Washington DC) 2.2 2.1 1.6 0.8 0.8 0.1 -0.8 0.3 1.5 1.6
VMI  (Ha Noi) -14.0 -22.7 -48.5 -60.1 -53.4 -58.7 -59.5 1.3 2.8 3.1 (4
VSL  (Delft) 13.3 9.6 -2.5 1.8 9.2 0.9 -3.2 0.4 1.8 1.9
ZA  (Pretoria) 7.5 8.9 8.4 5.5 1.1 -1.2 0.1 0.4 4.2 4.2

- Notes on section 1:

(1) BOM : Time
(2) ORB : Time
(3) UME : Time
(4) WI : Time

step of UTC(BOM)
step of UTC(ORB)
step of UTC(UME)
step of UTC(WMI)

(0]
(0]
(0]
(0]

f -850 ns on MJD 58025.38
f about 1.4 ns on MJD 58026 due to calibration
f -2700 ns on MJID 58037.50
f about 25 ns on MJD 58031 due to calibration

2 - Difference between the normalized frequencies of EAL and TAI.

Steering correction

New correction

Interval of validity

New correction foreseen

58024 - 58054
58054 - 58084
58084 - 58114

f(EAL)-£(TAI)
6.501x10%*-13

6.501x10%*-13
6.501x10%*-13
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3 - Duration of the TAI scale interval d.

Table 1: Estimate of d by individual PSFS measurements and corresponding uncertainties.
All values are expressed in 10**-15 and are valid only for the stated period of estimation.

Standard Period of d uA uB ul/Lab ul/Tai u uSrep Ref(uS) Ref(uB) uB(Ref) Steer
Estimation

PTB-CS1 58024 58054 -6.13 6.00 8.00 0.00 0.13 10.00 PFS/NA T148 8. Y
PTB-CS2 58024 58054 -3. 3.00 12.00 0.00 0.13 12.37 PFS/NA T148  12. Y
NIMS 58009 58024 -0.55 0.30 0.90 0.20 0.85 1.29  PFS/NA T340 1.40 Y
PTB-CSF1 =~ 58024 58054 -0.34 0.06 0.39 0.02 0.13 0.42  PFS/NA T162 1.40 Y
PTB-CSF2 58024 58054 -0.43 0.10 0.20 0.03 0.13 0.26  PFS/NA T287 0.41 Y
SU-CsFO2 58024 58054  0.04 9 0.24 0.11 0.8 0.93  PFS/NA T315 0.50 Y

Notes:

(1) Continuously operating as a clock participating to TAI
(2) Report 14 OCT. 2017 by NIM

(3) Report 02 NOV. 2017 by PIB

(4) Report 31 OCT. 2017 by SU

Table 2: Estimate of d by the BIPM based on all PSFS measurements identified to be used for TAI steering
over the period MID57664-58054, and corresponding uncertainties.

Period of estimation d u
58024-58054 -0.35x10%*-15  0.20x10%*-15 (2017 SEP 28 - 2017 OCT 28)

4 - Relations of UTC and TAI with predictions of UTC(k) disseminated by GNSS.

[UTC-UTC(USNO)_GPS] = CO', [TAI-UTC(USNO)_GPS] = 37 s + CO'
[UTC-UTC(SU)_GLONASS]= C1",  [TAI-UTC(SU)_GLONASS]= 37 s + C1'

For this edition of Circular T, S0'= 0.9 ns, S1'= 6.5 ns

2017 Oh UTC MID CO'/ns NO' Cl'/ns NI'

SEP 28 58024 2.4 89 20.6 89
SEP 29 58025 -1.7 90 19.6 88
SEP 30 58026 -1.9 89 20.5 89
OCT 1 58027 -1.4 89 23.2 85
OCT 2 58028 -1.4 89 24.4 89
OCT 3 58029 -2.1 90 25.8 19
OCT 4 58030 -1.7 89 26.4 82
OCT 5 58031 0.2 89 24.1 8
OCT 6 58032 -1.5 89 23.5 8
OCT 7 58033 -2.0 90 23.4 88
OCT 8 58034 2.5 89 19.5 88
OCT 9 58035 2.1 87 16.3 81
OCT 10 58036 -3.8 89 15.6 86
OCT 11~ 58037 -3.6 90 13.7 87
OCT 12 58038 2.9 89 10.0 82
OCT 13 58039 -2.7 89 8.4 89
OCT 14 58040 -3.0 89 9.3 89
OCT 15 58041 -2.6 90 12.0 85
OCT 16 58042 -2.7 89 13.6 88
OCT 17 58043 -2.7 89 13.6 83
OCT 18 58044 -2.5 89 15.9 88
OCT 19 58045 -1.5 90 17.5 &9
OCT 20 58046 2.5 89 16.9 77
OCT 21 58047 -2.6 89 18.2 87
OCT 22 58048 -3.3 89 20.1 89
OCT 23 58049 -3.2 90 20.3 90
OCT 24 58050 -1.0 89 21.5 73
OCT 25 58051 -3.1 89 21.2 58
OCT 26 58052 -3.5 89 17.5 87
OCT 27 58053 -4.0 90 12.0 76
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OCT 28

5 - Time links used for the computation of TAI, calibrations information and corresponding uncertainties.

Link

APL /PTB
AUS /PTB
BEV /PTB
BIM /PTB
BIRM/PTB
BOM /PTB
BY /PIB
CAO /PTB
CNES/PTB
CNM /PTB
CNMP/PTB
DENT/PTB
DLR /PTB
DMDM/PTB
DTAG/PTB
EIM /PTB
ESTC/PTB
HKO /PTB
ICE /PTB
IFAG/PTB
IMBH/PTB
INCP/PTB
INM /PTB
INPL/PTB
INTI/PTB
INXE/PTB
IV /PTB
KEBS/PTB
KIM /PTB
KRIS/PTB
Kz /PTB
LT /PIB
MASM/PTB
MBM /PTB
MIKE/PTB
MKEH/PTB
MSL /PTB
MIC /PTB
NAO /PTB
NICT/PTB
NIM /PTB
NIMB/PTB
NIMT/PTB
NIS /PTB
NMIJ/PTB
NMLS/PTB
NPL /PTB
NPLI/PTB
NRC /PTB
NRL /PTB
NTSC/PTB
ONBA/PTB
ONRJ /PTB
ORB /PTB
PL /PIB
SASO/PTB
SCL /PTB
SG  /PIB
SIQ /PTB

Type

GPSPPP
GPSPPP
GPSPPP
GPS P3
GPS P3
GPSPPP
GPS MC

NL
GPSPPP
GPS MC
GPSPPP
GPS P3
GPS P3
GPSPPP
GPSPPP
GPS MC
GPSPPP
GPSPPP
GPSPPP
GPS P3
GPSPPP
GPS MC
GPS MC
GPSPPP
GPS MC
GPSPPP
GPSPPP

NL
GPS MC
GPSPPP
GPS MC
GPS MC
GPS P3
GPS MC
GPS P3
GPS MC
GPS P3
GPS MC
GPS MC
GPSPPP
GPS P3
GPSPPP
GPS P3
GPS P3
GPSPPP
GPS P3
GPSPPP
GPSPPP
GPSPPP

NL
GPSPPP
GPS MC
GPS P3
GPSPPP
GPSPPP
GPSPPP
GPS MC
GPS P3
GPSPPP

58054

-4.5

Equipment

AP0O2
AUO1
BE1_
BM37
BIO1
MABM
BY46

(S22
CNOO
MP1_
DN__
DLO5
ZM68
DT04
EI__
ES04
HKO1
CE__
IF19
BHO1
CP__
IC__
ILOS
IN__
NXRA
JVO01

K102
KRO1
KZ01
LTO1
MEBM
MI04
MKO1
MSO_
MCO2
NAT2
NCO1
IMO6
MB02
MTITO
IS__
NMOD
LSM1
NPL2
LI2P
NRC4

NTP3
ON__
RJO1
OR1Z
PL 3
SA00
SC__
SG2P
S101

/PT02
/PT02
/PT02
/PT02
/PT02
/PT02
/PTO7

/PT02
/PTO7
/PT02
/PT02
/PT02
/PT02
/PT02
/PTO7
/PT02
/PT02
/PT02
/PT02
/PT02
/PTO7
/PTO7
/PT02
/PTO7
/PT02
/PT02

/PTO7
/PT02
/PTO7
/PTO7
/PT02
/PTO7
/PT02
/PTO7
/PT02
/PT02
/PTO7
/PT02
/PT02
/PT02
/PT02
/PT02
/PT02
/PT02
/PT02
/PT02
/PT02

/PT02
/PTO7
/PT02
/PT02
/PT02
/PT02
/PTO7
/PT02
/PT02

89 11.2 85

Cal_ID1/Cal_ID2

NA_AL /1001-2016
1002-2010/1001-2016
1012-2016/1001-2016
1011-2016/1001-2016
1015-2016/1001-2016
1011-2016/1001-2016
NA /1001-2016

1101-2016/1001-2016

NA_Al /1001-2016
NA_Al /1001-2016
NC_Al /1001-2016

1012-2016/1001-2016
1011-2016/1001-2016
1015-2017/1001-2016
1011-2007/1001-2016
1019-2016/1001-2016

NA_AL /1001-2016
NA_AL /1001-2016
NA_Al /1001-2016
2004-2016/1001-2016
NC /1001-2016
NC /1001-2016
2002-2016/1001-2016
NC /1001-2016
NC /1001-2016
NC_Al /1001-2016
NC_Al /1001-2016

1003-2005/1001-2016
2002-2008/1001-2016
1007-2006/1001-2016

NC /1001-2016
NC /1001-2016
1102-2015/1001-2016
NC /1001-2016
NC /1001-2016
2001-2013/1001-2016
NC /1001-2016

1001-2016/1001-2016
1001-2016/1001-2016

NA_AL /1001-2016
NC /1001-2016
NC_Al /1001-2016
NA_AL /1001-2016
NC_Al /1001-2016
1014-2017/1001-2016
NC /1001-2016

1017-2016/1001-2016

1001-2016/1001-2016
1002-2004/1001-2016
NA_Al /1001-2016
1018-2017/1001-2016
1101-2013/1001-2016
NA_AL /1001-2016
1001-1993/1001-2016
1001-2010/1001-2016
2002-2014/1001-2016

uStb/ns uCal/ns uAg/ns

—_ O OO O oo
DN 3 3 W W W

OO O N OO PO OO NDD
LWL LWL O WLWDOWWLWOW WO, L W

OO O~ O~ OOO N = — O O — O

eNoNV NoNoNeol S Re)
W0 O W WL Wk W

W WWLWODLAOANDO WY LIOYIULUL QUL IO WL WO
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SMD /PTB GPSPPP  SD21 /PT02  2002-2011/1001-2016 0.3 7.6 3
SMU /PTB GPS MC  SMOO /PT07 NA_Al /1001-2016 1.5 2.2 10 57.8 0908
SU /PIB GPS MC SUI9 /PT07 NA_Al /1001-2016 1.5 7.1 5 -7.8 1411
TL /PTB GPSPPP  TLT1 /PT02 1001-2016/1001-2016 0.3 1.8 1
TP /PTB GPSPPP  TP04 /PT02 1002-2009/1001-2016 0.3 6.4 4
UA /PTB GPS MC UAO4 /PTO7  2003-2011/1001-2016 1.5 8.6 5
UAE /PTB GPS MC AE__ /PTO7  2001-2016/1001-2016 4.0 8.1 4
UME /PTB GPS P3  UMO1 /PTO2  1011-2016/1001-2016 0.7 2.7 1
VMI /PTB GPS P3  W__ /PTO2 1013-2017/1001-2016 1.3 2.5 0
ZA /PTB GPSPPP  ZA02 /PT02 1102-2016/1001-2016 0.3 4.0 0

Link Type Equipment Cal_ID uStb/ns uCal/ns uAg/ns Al/ns YYMM
AOS /PTB TWGPPP  AOSO1 /PTBO5 0449-2017 0.4 2.7 0
CH /PTB TWGPPP  CHO1 /PTBO5 NA_Al 0.3 1.7 1 +1.2 1710
IT /PTB TWSTFT ITO2 /PTBOS NA_Al 0.5 1.4 0 +1.2 1710
JATC/NTSC INT LK  INTDLY 0.2 0.0 10
NIST/PTB TWGPPP  NISTO1/PTBO5 NA_Al 0.3 1.8 0 +1.2 1710
OP /PTB TWGPPP OP0O1 /PTBO5 NA_Al 0.3 1.2 0 +1.2 1710
ROA /PTB TWGPPP  ROAO1 /PTBO5 NA_Al 0.3 1.3 0 +1.2 1710
SP /PTB TWGPPP  SPO1 /PTBO5 NA_Al 0.3 1.3 0 +1.2 1710
USNO/PTB  TWGPPP ~ USNOO1/PTB0O5 NA_Al 0.3 1.4 0 +1.2 1710
VSL /PTB TWGPPP ~ VSLOl1 /PTBO5 NA_Al 0.3 1.4 0 +1.2 1710
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Table 1. Final P1/P2/C1 INTDLY values from the 1013-2017 trip. Values of REFDLY (with
respect to the indicated REF) and CABDLY during the calibration and the resulting P3 Total
delay TOTDLY are also indicated for reference (all values in ns). “Meas. Date” refers to the
first day of the differential calibration, to which the calibration results can be applied.

X INTDLY | INTDLY | INTDLY , . T TOTDLY .
System BIPM Meas. date P1 P2 c1 REF REFDLY | CABDLY | Note P3 AUcar
MTTO MTTO | 2017/01/30 NA NA 31.2 UTC(NIMT) 7.1 165.4 NA 0.0
LSM1 LSM1 | 2017/03/24 NA NA 35.1 UTC(NMLS) 10.8 155.4 NA 0.0
LS2P LS2p | 2017/03/24 | 219.1 220.0 222.4 | UTC(NMLS) 259.1 157.5 116.1 0.0
VM__ VM__ | 2017/04/24 NA NA 16.2 UTC(VMI) 33.9 256.8 NA 0.0
VN3P VM12 | 2017/04/24 49.0 51.6 48.9 UTC(VMI) 243.9 124.3 -74.6 0.0

B 2.3 BIPM %+ 7 A& GNSS pF#g @48 28 i chfa ot (&
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%_g % = UTC(TL) eh2 s e ¥ ¢t X F % % £ 5 APMP 1 Gl = -] ﬁaé‘, BIPM
Gl FEHRERDEFR D G2 F #ﬁ%‘sﬁv‘ AP ByieniEaz» 50 AR

- RM o {F Gl HE 2 e s 5o BIPM 2R & o L0 B W%
RO MEPRBELY e FEFE 2 g UIC(TL G £ A9 %35 7 112

GNSS pF4g By jir2. & & |4 o
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(2.1.2)Group 17 %% ¥ GNSS#&Jc i R i & L%
(212.1) #Ep FEARFEF D ARI06.01~106.12)

GNSS @ pF 5 B v > 3k o Fe e vb Sz, — o LT R TR B
PRIL 2 R ERP] A EPARE R JRIE o AREY {5 o pM S S &
% 4 B Rk 3 FF(International Atomic Time, TAI) % & R %3 pF (Coordinated
Universal Time, UTC):* & eheE & ixdf o ARP AL > 6 > % 3 p L7
2. GNSS B Pap et s himE = 0 WP R Foprap i mal k o RiEH R R E
BRIZ B R F PR D RIS o

FRAUFL BT R SR A AR R T ORI R
WE Ak TELRAE VAT B RO Z TSR A 0 T A AR B A BLIP
PR RIL2Z T E o TV RGBT RR IR o B S F T
i BELRIE DA o GNSS @pF i ke R Fd 123102472 %

(* FE 2R <5nS) °
12 GNSS HinfErk @ 2 > GPS 5 A & v & k3 BB TRz H o

@O¥ e shEs B (<1000 km)$k * & AR (Common-View)guiRl # 5 ey
BRI LR anE LR 0 A HAER o GPS R AR (17 GPS ik
M SRR REFREWFHRIF2ZEAEH > P2 TR L E 2 TR
BREHED T~ FHFIRSERG REFF R ERDT o B 24 5 Hin
ARV T AR T RE KLZ K2 TR0 5 F 5% 3 5 @R
Elck p ol #h 08 X2 E chi kP %z UTC(TL)R R 4p » £ 55
d TR 2 k- A 47 Clock(K1)¥r Clock(K2) R sips [ £ » pt ZE 428 AL &
Fafrh LA H R -
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GNSS Satellite S

dSK1 dSK?_

GPS Receiver GPS Receiver
Clock1 1pps Clock2 1pps

Time Interval Time Interval
Counter Counter
Start Stop Stop Start
A A 4
Data Processing |« »| Data Processing

Data Exchange
K1 K2

Bl 2.4 ~ Fonfprh pRAE v $301 R B

LeE® 5 & %k GNSS BF it ek e(4e % B GPS - 8 % #7 GLONASS ~ % P
Galileo ~ » R Beidou) » GNSS ks %3k &g % & % ﬁ;ﬁlj‘ﬁﬂua RN IL B IR
Se R AP RHAREY B T 2R T A OMEERE S TR
MER AL RUER PEFLERELASAL cFIEL R 2 Y
S 3 h AEELkkES o TP 5 E ek sk A A eh GNSS B
Foo AR > AFHRFTREFLATEEE FE L@ ks 1y
PRAFTHRFTRF - Hid T AFRN P EROBRFHEE - AF %R T P 2012
#As b e 7 GNSS @ gt 4 % 5(TTS4 ~ GTR50 ~ PolaRX4):E ¥ 7 { 47> 2017
# 47 GNSS @ pF vt $F 5 s R LS e B 2.5 -

<

[
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B 25~ 7% % B pF GNSS B pFit 44 % 32 % ;L 7))

B0 AF RN ORI GARR T A e (e ] 2.6 ~ B 2.7)T & BPE AR R4 -
RO EHIHFFHOREZFEITF L F%E P 2013 £42 > GNSS 23
PR O i SLpE A iE > W3R A £ € (Taiwan Accreditation Foundation) 2 &%
L RGTHE S T HRF % F GNSS g R & 4 £ 8RS R £ A (Bureau
international des poids et mesures, BIPM)R# 4+t 5 #2 & # (key comparison
database, KCDB) » {# & ®* ISO/IEC 17025 .4~ % 23f4p 3 327 #» T (Mutual
Recognition Arrangement)2. & $ o 2015 # A2 XTH R A PFF T £ %] 0 % 508 &
BIPM KCDB 4 = # £ & % 35ns(3 #F -k 8 % 95%) o LM AF i = 6 o
SR R R L R R R A & 2.0E-13 AR I o B RBE B
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HREFTHRZEHFHERI G E222 > REFP 2 F BT iR EEagg mea
BoOBIHGREERE 3 & Bt 2 5 K-

Wy mAE AP g B o {2 R R R R R p B
o DMF YRR G ET AT BT AR R RS R
H@» R R eRavin i FREL DL o FII RO RS 7 ik Sa o
FEb BiE 2 T TR BRI RRFH A IERERE B FE oL B iLa
JRARTE e o B 25 LU B RERENEFEEFEH PF R & CDMA -
WIMAX-TDD~ LTE-TDD % Smart Grid PMU(Phasor Measurement Unit) % @ >
e end K5 i d) F s (micro-second) o P w T G RBEAILZSRAH NG e
#8 - TDM (Time Division Multiplexing) link ~ GPS, SYNC-E (Synchronous Ethernet)
link 2 IEEE 1588 PTP - £ ¢ GPS Z § sl & j sxenn™ 2 2 — > g% gt 3 542
BEEAY p AV IESE A B s DR T R FIREPN A EFR RS 2 g R
E R FEkFE 2 BT GNSS iR PRl A AR rppE s o T
MR P GE RARER 2 A FE TR o B E B A GNSS Bt fHpe T i x> Jp
PR AE pRAaE > B AR S 3 £ & PP oS P RAAR £ T L7 - GNSS
B RE HE R T R Group 2 R F SR E RN A BT RE LT

BIRA MG 7 08 AH LD R S g KX e R A A B
A kA AR BER (R A7 )2 L5 FH GRT Y g R R G A

THRZFEFTE > PIFE R 5T 52 GNSS @3 B g b
ik d o ARFT R SERT AR (4G~ 5G)A 44 P44 (Primary
Reference Time Clock) & iB| % B ¥ fe # cif ji# o
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o

BIPM

T4-057 &
AOG-11

=Y

55?}134}"'?;-8%\) B AR

=== utcan

10MHz

\" * ‘4 "
. 47‘4 = "“;p'
lpps Ipps ? Ipps lpps
SDI . - -
| G NSS Receiver NSS v N Remote Clock
oD s R o}
i T
i '
20MHzExt. (10MHzExt. l '
Master | | Remote TTTIPES TTY
i I Generator
TWTF TLP1orTLP2 |  b--------!
20MHz Ext. Master Master Site Remote Site

B 2.6 ~ GNSS - #7fprh prg vt 413 i or & R

S BIPM.
N Units
/\ National
. TL-
Traceability- Primary
Standards
Reference Calibration-
Standards Labs.
Instruments
Working Standards used in
industrial,
commercial-
Bl 2.7 ~ TL i@ =P [ 3 mdae
Application Frequency Accuracy Time accuracy
GSM 5x10° N/A
CDMA 5x 107 1 1£5(10 i s holdover)
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WiIMAX (FDD 5x10° N/A
mode)
WiMAX 5x 10° 1 1£5(25 s holdover)
(TDD mode)
LTE 5x10° N/A
(FDD mode)
LTE 5x 107 3 s inter-cell
(TDD mode)
Smart Grid N/A ims
DME
Smart Grid N/A <lus
PMU

t\‘.?r

74-

B 2.8~ & pRPFFERETEH Z

(2.1.22) %%
(a) BIP PERFgARLGE 2. 24 T Lol ¥ B iF e R gl r PRGR

Calibration and =
Time and Frequency, Chinese Taipei, TL (Telecommunication Laboratories, ChungHwa Telecom Co. Ltd.) K@&DB
Measurement
Calibration or Measurement Service Measurand Level or Range Conditions/Independent Expanded Uncertainty
Variable
Tsthe
Quantity instrument or | instrument Type or | Minimum [Maximum| 1L s Value units | Coverage | Leveror | expanded Yy service| o
Artifact Method value value P factor confidence |'IENEOY ] dentfier
one?
ThCIGded Dost
DUT' effect
Time difference | Direct time interval 1PPS NSTF-CT-
Time interval > difters rect time inery -1000 1000 s | mosvE0 1.0 ns 2 o5 No den0Ap0s| Aperoved on
2015
Measurement
Surer 86400 s
Siew rate =05 vins
Tnciuded best
DUT' effect
Timescale | Localclockvs. | Comparison against 1PPS N NSTF-ICT-
difference uTe predicted UTC 05 0.5 = amplitude 05V (30m 100 ns 2 5% No SRe20a-005 | AREroved on
2015
Measurement
surer 86400 s
EX LAY
Thctaded Desty
. DUT's effect
Timescale | Remote clock vs. | GPS commen-view § NSTF-ICT-
e scae e o ! 05 05 s |averaging ime 1d ES) ns 2 e5% No a0z | Approved on
10 March
| i ey
ey = 1000 km
TAciuded best
DUT' effect
Frequency | General freauency | - Direct requency B s0E-08 | pz | Measurement £6400 5 S0E2 A 2 a5 ves nNSTRiCT- | DUTS efect
source |  measureme time SR620B-005 | AREroved o
2015
Ampiitude | =05V (50 22)
TAciuded best
DUT' effect
Frequency | “OF3ITEAUENCY | ppoce comparison 1 1 Mz | Measurement 86400 s 2.0E-12 HaiHz 2 o5% Yes e ne b0 | Aperoved on
10 March
2015
Ampiitude | = 0.5 v (50 1F
—
et [DUTS effact
o | R ars common-view | 10 10| we |averaging ume va 2oma3 | wave| 2 cen ves | memeacr KRS
g 10 M.
2015
P <1000 hm
The BIPM key comparison database, 172

Ik

B12.9 ~ TLA# 3 % £BIPM KCDBF R B ¢ 2 if=#iE i iy

PRRS T B B2 GNSSB D Akt B BN PR AR i 2
3T oo gt 24 T 4 d Septentrio PolaRx4 PRO GNSS 47 £ < #% ~ SR620FF /&
ST Fole s > & P op B A 4 R ECGGTTS(CCTF Group on GNSS

=3
=
-k
8
i
R
W
R
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Time Transfer Standards) & pFv& 3 5ok P 7 3 0t $ 0 gt oh > 5 A o

FPEEARHZRIRET AL FHRETEREE T - JF AT

+

-

T

BRPER R RR T o R E R R BN A RGARA F A 20 f sy
a3 FESTE g R R R 45— K > ¥ 4% % 4%BIPM KCDB (The BIPM key

comparison database)R 4\t $HEHFE ¥ BAFIFRE i 4 0 4oB2.9 o

2016~2017+ 34 7 TCI GNSS Groupli®ctb+- $+3-% - H Z H4c®2. 10 » NIMX &
4rB2.11 0 X SE K A4-R2. 12

] Lab(k) antenna NIM antenna [

UTC(K) Displ:‘yﬁ:lf;»:)oard

Refernce 5 MHz

point F&PDA
Pulse Frequency I -
SR620

Distributor distributor

PDA) (FDA
| Calibration point 1PPS GTRS51(IM11)
GNSS transfer system NIMTFGNSS-2
— (IM09)
Lab(k} system NIM calibrator

M2.10 TCI+ &3 & %4
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Bl2.11 TCIz* & NIM:& 2 TL2 % &

B2.12 TCIz*HNIM= & & TLz %%

BNIM*® 45 % 4o

62



IMO9-TLT1

] [~ mean = 0.31ns std = 0.83ns]

N

Time Difference(ns)
\ =)

N
—

5-7‘%653 57,654 57,655 57,656 57,657 57,658
MJD
IM11-TLT1
3

‘i ]%mean =0.14ns std = 0.89ns{

mﬁ | il
ik

N

=

oo
o =
=

Time Difference(ns)
. =)

!
S !
-2 l J)
5-7’;,653 57,654 57,655 57,656 57,657 57,658
MJD
IMO9-TLT3
3 ‘ ‘
——mean = 0.22ns std = 0.72ns]
2

Wr o1

=
—o

Coa

Time Difference(ns)
. =)

§ 1’
' 1
-2
5-;,653 57,654 57,655 57,656 57,657 57,658
MJD
IM11-TLT3
3 - :
|~=—mean = -0.04ns std = 1.01ns]
2 ?Q I ? ‘é’
ik SN B | R P 110
: i} i
50 T4t K i
: FlR S
R A i e I s
- g {
= !
-3
5-7%653 57,654 57,655 57,656 57,657 57,658
MJD

B12.13 ~ TLENIM Group 1 #1ci# - $.8 %
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(b) & 13 gL ® 5 pFrés PRTC(Primary Reference Time Clock) % 2]

"EEF TR RER DY 2 AR EOER FE {3 R RAEARR ()2 {
SR EET YT RE R EW o FMrhoRTE R 1R ST FEM
@Mwy%hmemedmmﬁﬁ%%?kﬁﬁﬁ%ﬁﬁ@ﬁ%%%oBﬁ@
R AR R R M (US)F s R e R AAT- R FE
T2 R{LESLZ2HMs)E 5 PR - 4o 214 T & i A% 3 pFss PRTC
BHERTAR BEAFTHREFTER@ARET S T RAFAPMETAEHB
MR mOE Ro n;:})‘; ITU-T G8272 ¥ Z_&if * »* PRTCﬁg?Jﬂzz’v’ﬂB??Fé“éﬁ'—%;

Efred 100 2400 ) o AERBEAFTRED LR FLFEE AT Lo
3P LG AR PSPRICEFERPFR TRV %K H 5% 4rF 2152216
ST 0 R S % BT % PRTC B Ry AR 4930 550 fhpe R UTC(TL) 2 40
SHUR R A ITUT 2 g+ R4 %302 BH2 By
PERF R R e YRR RRMEERH TR BT {8 HHERRFY
BEAPTEER D RELRFEIRAHPHM TN S B AR AT HRTF
PR 2T g b B R D RRIREE R UTC(TL) > X /5d MR % 3 i
D Y SIE oo gt N Bt R B R BRI S E B A B ©
&2 AR R AaE 2 B R o
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BIPM

3B A E PRSI

— (TaF
[ e ] \

OUT - UTC{TL) frsf

90

a0

GiEde >
UTC(TL) \J:

IR PO R e g B

S et AL

TLP3-TLT3

o
S N

&
10MHz Lpps lpps i Ipps
[ T4057& ST I A (GNSS Recaiver
| A0G 110 HPFDA-15C :
: i
g ) AHzExt l
DI i Eamote PC
[PDA-15RMLC] -
TLP1 or TLP2 TLPLor TLP2
20MHzExt Mastar Master Site Remote Site

prés PRTC %23 % BT & B

The Tazme Dhiference Between DUT and Reference Tume Staticn TLT3 &t TL

1187

LIRER T 2217 12

Bl 215~ % 1%

1

T

HNeMT 20217
Dafa Points (960 sec)

PepLi %0 pEss PRTC @3 & RS %
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Time deviation TDEY(T)

TDEW [rs]

=#= GNSS
Comman-
View

- [TU-TG
BTl

=& [TU-TG.
B272

obsenvation infervais;

B 216 ~ 7T % g A prss PRTC 228 & Bl12. TDEV
(2.1.23) % % %
AT RBEEREF - R 2R EFE R RABHFAEAFRTRH

T Foo L R B S AT T N gut S AT A AAMET RS RY

TR TR PR ST R R

(R L G - SR S
TR RS Fogd 4 o
2 BB FERT S@QFEL S E FEFCH LT REO)E RP) A LR R
4Rk 2 g IR o
3-BERSEARBHAFERH 2 Emany o
(2124)x k1 i€ gk

W B B A& GNSS @ pFot S T g > F P PIF G Al 0 B A F %
BEp ko BiFGoupl FHE FHQkWM-f’jﬁwéﬁGmmraﬁizibﬁ&

&\-n}
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T FA* AT eshE 44 T 5 T M GNSS B AT Rk R T R
EERERRE LI ZRFRARFRY >R LHALBIARSIE 2ohg 1
AR AR A B FIEARFHAFE (S pR)2 L 5 R HREF* (i

\\\ﬁr

\&m\ﬁ%*kiﬁépm* 2 PR P 29 S E mAdRE

S

7R e
(4G ~ 5G) L 4+ pE4# M4 it (Primary Reference Time Clock) & B 2 p¥ ¥ Fe # chif

A BN - SRR 7 R R S R R -
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(2.2) Wk B g AP 3

(2.2.1) FE o @ k52222 ZFREB
(2.2.1.1) E=3p

g Eh e PR G L0 E T s

(2.2.1.2) #imp 2 (A FEHF 2K 106.01-106.12)

BI%% bR PO DB s B A TR R PRI B iR A 2 B e
A0l AP B “,f 7% & CCTF-UTC. 001 RE 4t $+& f > * Sy iR 2 pF
EREEED- RE2 4 TR EREELRERE A (Bureau
international des poids et mesures, BIPM) » * 2+ 35 ®*% k3 pF (Temps
atomique international, TAI) - &% B B4 @£ (Two-Way Satellite Time
and Frequency Transfer, TWSTFT)&_p # & iF & aug jEpF#g @iz — > H
PRI/ ATE LR L5 Pl b2 E 5 BEho Bk 53 4o R 2. 17

ST o

H

PR R PREBE E
B Ff o e R b B AR R

B 2.17 TWSTFT $titrip] B R PR £ 2. ) 5L 4] > 2 & 0% PERYAB Jaf 4
FEP G R EAFEME > RS FHEFRET Y PR AL
B B @I R A

68



d % TWSTFT Hprd R332t & l?iﬁisa] Ao o e R ATk (HA
iE) » Fl T R g L o & S g e (7 TWSTET » ik 3 o i 37
FRBTE AL FREB ;gsi Fh b om s EAE T KutiEis » 52 Bk
ﬂﬁiﬁkﬁ%&i’kﬁﬁigéﬁﬁﬁﬁa%ﬁﬁjf%%i%&’&Q’
RS FRACIINELT PRI R NG ORERT > Ea R LE

FRAVCHETR AT HREF S L PO R O il
RBE AT AT E i i (sof tware-defined receiver, SDR) » * &
RIS HASE PR o 2 4o 2. 18 0 A B 25 i 18 (Modem) 3% {1z (R) 44 »
- BHFLpRE ~RES- BENGERRADOETHILIE ¥ - B

BB E B BREIA N x(ODERREF RS KT RE X T %
o) X2 (63 8 MR MR - B 2.19 %17 5 SDR#% & » # ADC 2 National
Instrument USRP N210 » B~ #g & 2 50MHz » ® & B 2474 2 8bits» ¥ ® H PC

o E R

Af—Q—» %
Tx c(t) /é\K
Modem
Rx OMT
Xi X(t)
PC ADC > N = LNA

B 2. 18 & * zp+- B3¢ ¥ (analog-to-digital converter, ADC)™ % A &
"%(personal computer, PC)#i it f i * Wi cpF B » ¥ 8 I s
i pE R
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ADC sampler PC with GPU cards software

BPF, amplifier, attenuator

B 2.19 1€ PTB e #45Jc ¥k % > ¢ 3 ADC~RF ~ 2 2 e/ E 5 H ~
(GPU) i 4 & %%

F> SDR Efe@¥» TP By~ # 2 A SRR LB, H
7> BIPM »+ 2016 # 1 » = F € sk P42 SDR L4277 7 -] 2 (SDR Pilot Study
Group, SDR PSG)3* 3 » # H i G4k~ %> SDR&ZxYzs > d { 595k &
e fe 0 ¥ SDR = fc 4k < 2017 # CCTF = g7 » = 5 UTC Hpbrz - - &3
LRS-+ SDR A4t 3 o) w2 & R AT i ARHRENE RS S

B YR oNICT 2 KRISS2 ¢t & 5 @ B~ 2 BIRMM, NIM, NTSC, & = 4V INRIM,
7 1PQ , =L METAS, # R NIST, USNO, #® NPL , 2 ® OP, g
AOS , 4B PTB, @17 ROA, z4& RISE, ®R2rVUNIIFTRI ¥ = 18 @Bi%§
PO AR L 4 » L4 7 e SDR Redh o d RN S o d & F
HE- - REFHE A 2% 2 Fo TNSTFT e @ i * 2473 &
BB L MEF AR I SDR ek 2 B e ~ B E TWSTFT et @
¢ * o CCTF TWSTFT = i¥% 3 /4 Mr. Victor Zhang ~ #4% Dr. Zhiheng Jiang
%> 2016 EFTF TWSTFT = B € R Z MR E AR % 233w e » » & PSG 2 =
BRI O FIILAR R B
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- ~d *F 57 A E TWSTFT B 3 SDR 44 1% 4ic 4
~Ad AF % E YR PTB ~ OP ~ NTSC ~ NIST % %2 SDR #c#/f 48 » I3t Fc
~%odr ~ % F TWSTFT fere skt @ plid > Plid= {5 d BIPM =+ SDR #c 4 -
R Teilp o B R R R AT W AR RER TR W
~ %% & TWSTFT et @ 2= = SDR 4&5 o
=~ % %2 SDR PSG 2 4842 pde TR 43 BIPM > & PSG 1 fFie = f f&
AE B E o
~ 88 #-95 CCTF GNSS x 1% o 3% R2CGGTTS iyt » d 29 % 3 §
@k Td BIPM 2 230 > 2EBEANEIFTT PF pd Brog@y

Xéﬁj\'ﬁ%? %/Q;l,; o

>

AT BE BRI SR HAR A A v2017.20 4 BIPM 249 %z £ b
oA 25 Readle s BRARA R ITER R X EIP 5 4oF) 2,20
CCTF 1 fele ok & # 0 BIPM ek > f 34| H X A% - W 2.2l 5 £ R
(2017)p # & * A5 % F B3 o SDR 42 Jc i R 5 PR R 45 4

BUI’EGU . Search facility:
Iniernohoncd des - the intergovernmental organization through which Member States act together on | |@
po‘lds et matters related to measurement science and measurement standards.
* Mesures ' ] | site map | Mews | Contact us
ABOUT US WORLDWIDE METROLOGY INTERNATIONAL EQUIVALENCE MEASUREMENT UNITS SERVICES PUBLICATIONS MEETINGS
> You are here: committees > Consultative C. > CCTF > WGTWSTFT working documents

= Registared user WGTWSTFT on host webappd

CCTF/WGTWSTFT working documents (Restricted access area) B): coTF members only; €5+ open access
N SDR (TWSTFT) N Meetings
[File Title Buthor |[Latest update ||File type/ size n!:lsl_lﬁ:ilc_?tion_and_DUCument
ReadMe_SDR_V2016.7 BIPM/TL (|2016/09/30 PDF .
|wcTwerT116-2016r01 B e i e e WG_23rd_Meeting (Segt 2015
BIPM)
Hard installati ide_SDR_V2016.7 TL 2016/09/30 PDF .
|wcTwerU16—2016—uz Ll R e e V\iG‘_22n)d_Meetmg (Sept 2014,
|WGTWSTFU16_2M§_03[§ software_installation_guide_SDR_V2016.7  ||TL 2016/09/30 PDFka WG_21st_Meeting (Sept 2013
74 tes Pl — "
Taipei)
= SDR-Software TL 2016/09/30 ([Other 5 :
WGTWSTFT/16-2016-4 5 e ;1 :;?Jothﬁeetmg (Sept 2012,
WGTWSTFT/16-2017-01 & |[ReadVe_SDR_v2017.2 [ ER | POPEARNTE [T PS_EFTF_Goteborg_2012 (pril
ZiL Sl 2012, EFTF)
|WGTWSTFT[16-ZI]17—D2 B [ G 201703105 lPoF - PS_PTTILong_Beach_2011
£ WG_18th_Meeting
|WGTWSTFT[16-2I]17-D3 é upgrade_procedure_V2017.2 TL/BIPM ||2017/03/08 ;E}g o PS_PTTI_Reston_2010_Informal
(Informal)
|wcTwerU16—2017—u4é TR AT e e WG_18th_Meeting
WGTWSTFT/16-2017-05 ) ||SDR-SoftwarseV2017.2 T 2017/03/08 |[Other Satellites (Europe - N.America)

21 kbytes Schedules

Time links

B 2. 20 BIPM e b ro s = 5N o B 2 % 5 B3 o0 SDR 45 Jc s e fg
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" “Telstar 11N, 37.6°W Express AM22,80°E . L. Eutelsat 1724, 172°€
A,

June 2017 S A

Bl2.21 #3106 # 97" = =% 2 SDR &z 2 fFk o prig 3L

(2.2.1.3) %
AEHFTEBIPN F & &2 %7 - K HiFH 14 (technical memorandum,
TM) » 453+ SDR #c#% £ 452+ F /= (Status of the pilot study on the TWSTFT
SDR for UTC time links, TM267) -
A N o B U & ;ﬁif%i%f%ﬁﬁﬁ&f#é_i?,%i L EATT 5 L R

SDR F1z & {7 TWSTFT pag i af > & TM267 20 i/ & IR0 st S chiR v A 2
W&o B 2.22 2 B 2.28 0 ¥ 0 APEOT B IRTH 0 T RIE B R R
g PR R 0 3 et o B FOM - 2 BRI & % 0 4o PTB-OP

2 PIB-INRIM % > 2 % prcg(3 t BIEEERMUP 2 ¥ P LT R¥BIRE)

e 24 om T
B F Fl &«F‘ l-’rJr ;F.,_ o
w 17 w 17
o c
3 16 PR
g u=.z y A o N A e
a15- g1 o
= =
S . ‘ ‘ 4 ‘ ‘ ‘
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MID MID
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Active Hydrogen Maser with
self-cavity-auto-tuning function
Overlap Allan Deviation) of 5 MHz
outputs: =2x10™

Temperature coefficient: < 1x10™/°C
Magnetic field sensitivity: <
3x10™*/Gauss

on site (at TL) un-package and setup,
and verify the operation of maser by
specialist from original manufacturer 6,850,000 ~ 1 | 6,850,000~
7 years on site (TL) warranty, must be
maintained by specialist from original
manufacturer.
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Micro phase stepper
Input frequency: 5 MHz sine wave
Time step resolution: = 0.3 ps

Frequency step resolution = 5x107%
: . -7

Frequencytu.nlng range. = 2x10 1,025,000 = 1 | 1,025,000~

Internal Oscillator aging (after 30 days

operation): =1x107%/day

7. Overlap Allan Deviation of 5 MHz

output, referred to 5 MHz input :
<2.1x108 @ 1 second
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Multiple access interference (MAI) is one of the unstable sources of the two-way satellite time and
frequency transfer (TWSTFT), and causes an estimation error of the signal arrival time. To suppress
MAI, the successive interference cancellation (SIC) procedure is implemented on the software-defined
receiver. It generates MAIs and subtracts them from the received signal to become an interference-free
signal. By performing TWSTFT with SIC, the short-term stability of the UTC(TL)-UTC(KRIS) was
improved so that the time deviations were reduced from 0.67t “? to 0.48t 2 ns, and the long-term
measurement results were consistent with those obtained by the conventional receiver.
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The International Bureau of Weights and Measures and the Consultative Committee for Time and
Frequency Working Group on Two-Way Satellite Time and Frequency Transfer (TWSTFT) have
stimulated a pilot study on using software defined radio (SDR) receivers for TWSTFT in the
framework of the realization of Coordinated Universal Time. The SDR receivers based on a software
developed by TL have been set up at PTB, OP and NIST during the summer and fall of 2016.
Continuous SDR TWSTFT measurements have been established for the OP/PTB, NIST/OP and
NIST/PTB links. From the SDR TWSTFT clock comparison results (TWSTFT difference), we
observed that the commonly present but undesired diurnal pattern in the OP/PTB SDR TWSTFT
difference is greatly reduced compared to the diurnal pattern in the difference obtained from the
regular (non-SDR) TWSTFT equipment. However, the diurnal reduction in the NIST/OP and
NIST/PTB SDR TWSTFT differences is not as significant as in the OP/PTB link. This is a strong
indication that the application of SDR receivers has the ability to significantly improve the stability
of some TWSTFT links, but is not a solution for all links. In this paper, we will analyze the diurnal
reduction using the SDR receivers for the three links and study the dominant causes for the diurnal
effect in the Europe-Europe and transatlantic TWSTFT links.
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The conventional wisdom suggests that a direct Two-Way Satellite Time and Frequency Transfer
(TWSTFT or TW) time link should result in a smaller uncertainty than that of an indirect TW link
over the same baseline [12]. This is why all Coordinated Universal Time (UTC) TW links are direct
and therefore assumed to be the most precise. This paper shows an exception to this logic.

Following the use of the Global Positioning System (GPS) all-in-view [1], the UTC links, including
Global Navigation Satellite Systems (GNSS) and TWSTFT, became the direct links between Lab(k)
and the PTB (Physikalisch-Technische Bundesanstalt, Germany), which is the single pivot laboratory
of the international UTC network. Currently, the daily variation (diurnal) in TW differences is the
dominant source of instability in TWSTFT. This, at least in the case of the inner-European network,
may be significantly reduced by an indirect link through a third intermediate laboratory in the USA,
acting as a relaying laboratory [2, 3]. In this study, we examined the direct and indirect Europe-Europe
TW links with data collected by SATRE modems and using the NIST (National Institute of Standards
and Technology) or the USNO (US Naval Observatory) laboratory as an intermediate laboratory. We
applied the Time deviation (Tdev), triangle closures, and the gains obtained by comparing with the
results of the GPS Precise Point Positioning (GPSPPP) [4] and the TW software-defined radio (SDR)
receiver [5, 6, 7] as indicators to verify the improvements in the indirect links versus the direct links.
Considerable improvements were obtained by a factor of two or three. On the same TW baselines, we
further investigated the TW SDR indirect links and gains continued to be observed.
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According to the GNSS calibration guideline provided by BIPM, the G1 labs are responsible to
organize calibration campaigns for time scale calibration in their RMO [1]. In APMP, a calibration trip
was conducted by TL, started from January and ended in June 2017. This trip covered one G1 lab, TL,

and three G2 labs, NIMT, NMIM and VMI, in APMP. The paper will describe the details of the
calibration.
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This paper presents a propagation time correction for considering the effect of the Earth's orbital
motion. For a geostationary satellite based two-way satellite time and frequency transfer (TWSTFT),
the calculated time delay corrections for individual up or down paths have daily cycles with
amplitude of about 1.4 ns, which have the same order with the amplitude of TWSTFT diurnals for
TL-PTB link via IS-4 satellite. The second-order terms (e.g. geometric propagation time and
second-order Doppler
effect) exist in individual one-way paths, and may not exactly be cancelled out in the two-way link.
Accordingly, a link correction is proposed for effectively reducing the diurnals. The evaluation and
application to TWSTFT observations are discussed.
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The Einstein Equivalence Principle (EEP) requires that clocks in free fall, when observed by
other clocks in free fall, show no frequency variations. To some approximation, clocks on the surface
of the Earth can be considered freely falling in the solar gravitational potential, and one would expect
to find no frequency variations between the clocks as the Earth's rotation modulates the potential
experienced by each clock. A previous study [1] using GPS satellites yielded an upper limit to an EEP
violation of >1E—3, parameterized as a fraction of the expected differential gravitational redshift of a
clock pair not in free fall. Upper limits were also found using TW, but these were much higher than
with GPS. We investigate the attainable limits of a search for EEP-violation using SDR-enhanced TW,
and find a three-sigma uncertainty slightly higher than 1E—4 may be achievable, using optimistic
assumptions.
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we proposed a virtual GPS receiver model generated from a multi-receiver ensemble. The time
difference between local reference and the realization GPS time (REFGPS) of the virtual receiver is the
weighted REFGPS results of all calibrated receivers in ensemble. Depending on the numbers of
receivers in ensemble, the measurements of the virtual GPS receiver in each epoch are got from
different receivers and the quantity is several times than physical receivers. A long base line test
showed the virtual receiver is more stable and robust and is potential to have better long term
performance with respect to TWSTFT.
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Two-way Satellite Time and Frequency transfer (TWSTFT) is a primary technique for UTC generation
[1]. Only the direct link, the so called UTC link between a Lab(k) and PTB, is used for UTC
generation. The numerous redundant links are measured but never used. The concept of the TWSTFT
network time transfer has been discussed by several authors [2,3,4,10]. [5,6] are examples of the very
first use of redundancy (Triangle Closure Calibration) in the TW network for the time link calibrations.
It is based on using all the direct UTC and redundant links (Fig. 1) and the hypothesis that the
TWSTFT measurement errors obey the normal distribution with an homogeneous distribution over the
whole network. However [7,8] proved that the hypothesis may not be held. Considerable biases exist,
such as the diurnals, which cannot be fully averaged out by increasing the measurement quantity or
eliminated in a simple least square (LSQ) network adjustment [3]. The maximised gains in uncertainty
depend on the optimal use of the redundancy in the TWSTFT network but the maximum number of the
measurements to be used. We first discussed the weak points of the equal-weight network time transfer
and then proposed our solutions: (1) Weighting each link according to its uncertainty estimate; (2)
Using the GPSPPP to strengthen or replace the errored TWSTFT links in the network adjustment.
Obviously, unequal weighting is necessary; (3) The above solutions can be extended to use all types of
observations, such as the TWOTFT (Two-Way Optical fibre Time and Frequency Transfer) etc. The
global network adjustment takes the link measurement to establish its observation equation. Therefore,
there are theoretically not limits in the types and the numbers of the observations (GPS, GLONASS,
GALILEO, BEIDOU, TWOTFT, TWSTFT/SDR [13] etc.) on any baseline in the network T/F transfer.
Such all the redundancy is used. This is called the multi-technique network T/F transfer [9].
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A conventional dual-loop optoelectronic oscillator (OEO) usually employs a long and a short
optical fiber loops. The equivalent quality factor of a dual-loop OEO acts as an average of the
long-loop’s high Q and the short loop’s low Q. Then, the quality factor of a dual-loop OEO is
affected by the short loop. In this paper, we introduce a new structure for the dual-loop OEO.
The experimental results show that the proposed OEO can generate microwaves with lower
phase noise and adequate suppression of the spurious modes. Because of the use of long optical
fiber as the common path, the new proposed OEO is much adapted for a feedback control

scheme to keep the long-term frequency stability.
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The Software-Defined Radio (SDR) receiver [1-5], has been developed at the Telecommunications
Laboratory (TL, Chinese Taipei) for implementation in two-way satellite time and frequency
transfer (TWSTFT/TW) Earth stations, aiming at improving the stability of TW time transfer, with
particular impact on the diurnal signature present in almost all the links, which is the major
uncertainty source in TW time links. The BIPM and the Consultative Committee for Time and
Frequency (CCTF) Working Group on TWSTFT launched in February 2016 a pilot study for
validating the SDR receiver in view of its implementation for use in UTC time links [6].
Participants to this pilot study are the laboratories contributing to UTC which intent to install the
SDR receiver and the BIPM Time Department. Goals of the pilot study are first, to validate the
efficacy of the SDR receiver for improving the TWSTFT uncertainty and significantly reduce the
diurnal effects; second to implement routine TW code measurement data through SDR receiver to
improve the UTC time comparisons.

In the frame of the pilot study, the SDR receiver has been installed and operational by now at TL,
NICT, KRIS, NTSC and NIM in Asia, PTB, OP, SU, IT, CH and AQOS in Europe and NIST in the
US. The project to install the SDR receiver in all the TW laboratories is ongoing.

We present the results obtained at the BIPM Time Department in the preliminary steps of the
analysis and validation of the SDR measurement data by using different methods, such as the
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TDey, the triangle closures, comparison with GPSPPP [7]. We analysed all the data obtained from
the pilot study and in the all links there is an improvement. The gain factor varies from 1.1 to 3.7
and 2 on average in SDR versus the Satre modem. The only exception is a link of which the gain
factor is 1.03. There are open points, such as the calibration, that however can be solved by
establishing new convention in the TWSTFT community. In conclusion, it is suggested to apply the
SDR receiver inthe future UTC time link computation.

We study also the potential methods to further improve the TWSTFT SDR by its combination with
[8] and the SDR indirect links [9,10]. For the inner-European SDR links, a gain factor of 1.8 is
further obtained.
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® The TCC technique was approved by the CCTF WG on TWSTFT in 2015 and the SDR
TWSTFT is under validation;

® A SDR link calibration is obtained by aligning it to the corresponding SATRE link of
the same baseline;

® The conventional ua of SATRE and SDR links are 0.5 ns and 0.3 ns;

® The uncertainty of SDR is the combination of the calibration uncertainty (not the
conventional ones but the true values in the Calibration Report) of SATRE and SDR links.
Because the number of the common points of SATRE and SDR is big (~ 360 per month),
measurement noise is averaged out and the influence of ua are negligible. The conventional
calibration uncertainty of SDR link equals to that of the SATRE link, that is, 1.0 ns, 1.5 ns and
2.0 ns for the calibrations using the TW MB station, the GPS calibrator and the TCC
respectively;

® The CALR values are given in Tables 4.1.2, 4.2.1 and 4.2.1b. The date of the
implementation of this new calibration result is proposed on the MJD 57936 or the 2 July 2017 at
Oh UTC;

® Comparisons between the calibrated TW and GPS links are made.
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To keep national time accurately coherent with universal coordinated time (UTC), many national
metrology institutes (NMIs) use two-way time and frequency transfer (TWSTFT) to continuously
measure the time difference with other NMIs over an international baseline. Some NMIs have
ultra-stable clocks with stability better than 107'°. However, current operational TWSTFT can only
provide frequency uncertainty of 10 ™ and time uncertainty of 1 ns, which is inadequate. The
uncertainty is dominated by the short-term stability and the diurnals, i.e. the measurement variation
with a period of one day. The aim of this work is to improve the stability of operational TWSTFT
systems without additional transmission, bandwidth or increase in signal power. A software-defined
receiver (SDR) comprising a high-resolution correlator (HRC) and successive interference
cancellation (SIC) associated with open-loop configuration as the TWSTFT receiver reduces the
time deviation from 140 ps to 73 ps at averaging time of 1 h, and occasionally suppresses diurnals.
To study the source of the diurnals, TWSTFT is performed using a 2x2 earth station (ES) array.
Consequently, some ESs sensitive to temperature variation are identified, and the diurnals are
significantly reduced by employing insensitive ESs. Hence, the operational TWSTFT using the
proposed SDR with insensitive ESs achieves time deviation to 41 ps at 1 h, and 80 ps at averaging
times from 1 h to 20 h.
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