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1. BDS Time Offsets Monitoring 

Single Station

Three methods For GNSS Time Offsets Monitoring

GNSS Satellites

GNSS Receiver GNSS Receiver GNSS Receiver GNSS Receiver GNSS Receiver

High performance 
reference singal

High performance 
reference singal

High performance 
reference singal

High performance 
reference singal

High performance 
reference singal

1pps 5/10MHz 1pps 5/10MHz 1pps 5/10MHz 1pps 5/10MHz 1pps 5/10MHz

Multi stations time difference data processing

Data of Time links between 
two stations

Data of observations

Multi Stations Time Comparison Links

Item Single station Multi Stations Time links

Equipment Multi mode GNSS Receiver

In Time Lab.& GNSS MCS

Multi mode GNSS Receiver

In different time laboratory

Time comparison between 

each GNSS MCS

Data processing Real time calculation Data selection, fusion, Post 

processing

Data interchange, Post 

processing

Time limit Real time Latency 1day or more Due to time comparison links

Accuracy ~10ns 5~10ns ~5ns
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1. BDS Time Offsets Monitoring 

Time Offset between BDT and GLNT (Single Satiation monitoring)

GLONT-BDT=RefT-BDT-(RefT-GLONT)

The RefGLONASS、RefBDS are the time difference between local time and the

navigation satellite system, then the time difference between two navigation

satellite system can be obtained.
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1. BDS Time Offsets Monitoring 

Time Offset between BDT and GLNT  (Time links)

Time offset monitoring between GLONASS and BDS

Example: GLNT and BDT, UTC(SU)-UTC (International links), UTC(SU)-

GLONT (Domestic links), UTC(NTSC)-BDT(Domestic links), GLONT-BDT

(Lagged) for checking /confirm.

BDS Ground 

Time reference

BDS 

MCS

BDT

Time Comparison 

links

UTC(NTSC)

Domestic Time

Links

International Time

Links

UTC(SU)

Domestic Time

Links

International Time

Links

GLONASS

MCSGLNT

Time Comparison 

links

Data Sharing 

Platform

Data Analysis 

Platform 

(China)

Data Sharing 

Platform

Data Analysis 

Platform

(Russia)
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1. BDS Time Offsets Monitoring 

Time Offsets between BDS and GNSS  (2017-2-16 ~ 2018-6-12, 482days)
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Peak-to-peak Value :

BDT –GST = 141.6ns; BDT –GPST = 87.4ns

BDT –GLNT = 136.2;  GPST-GST < 20ns(before58245)
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BDT-GST (Uncalibrated)
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BDT-GPST

136.2ns141.6ns

87.4ns
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BDT-GLNT(Uncalibrated)

~MJD 58245

May-27-2018GPST-GST(Uncalibrated)

69.7ns
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2. Performance of BDS Time Service

BDS System Time in Difference Phases
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2. Performance of  BDS Time Service

BDS-3

B1C

BDS-3

B2a

Time Interoperability

GNSS ID is used to identify 

different navigation satellite 

systems, and its definition is as 

follows: 

000 indicates not available;

001 indicates GPS; 

010 indicates Galileo; 

011 indicates GLONASS; 

100 to 111 are reserved. 
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2. Performance of BDS Time Service

BDS time performance BDT(BDS-2)

57,400 57,550 57,700 57,850 58,000 58,150 58,300
-100

-50

0

50

100

MJD

T
im

e 
D

if
fe

re
n
ce

 [
n
s]

UTC(NTSC)-BDT
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UTCr-BDT

UTC-BDT

UTC&UTCr-BDT

92.6ns

UTCr-BDT 92.6ns

UTC–BDT  90.3ns

Max|UTC(NTSC)-BDT| =  59.3ns

Max|UTC-BDT| =  59.3ns

Max|UTCr-BDT| =  57.8ns

The Data is from MJD 57388 ——58281

Jan.01,2016 ~ Jun. 12, 2018

Time of duration is about 940 days. 
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2. Performance of BDS Time Service

BDS Time Performance BDT(BDS-2)

ADEV of  UTC(NTSC)-BDT ADEV of  UTCr-BDT
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2. Performance of BDS Time Service

BDS Time Performance BDTE(BDS-3 experiment)
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Calculate by NTSC

UTC(NTSC)-BDT(E)
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UTC-BDT(E)

UTC-UTC(NTSC)

Calculated by NTSC

UTC-BDT(E)
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UTCr-BDT(E)

UTCr-UTC(NTSC)

Calculated by NTSC

UTCr-BDT(E)
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CCDs（Common Clock Difference ） of GNSS CV 
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BDS

GPS+10ns

Galieo-10ns

GLONASS-20ns

NTP7-NTP3

8-10 BDS satellites    

Septentrio PolaRx 5&4TR 

Pro 

2. Performance of BDS Time Service 

BDS Time Transfer Experiment

GNSS system
STD of CCD (ns)

(common antenna)

STD of CCD (ns)

(respective antenna)

GPS CV 0.38 0.46

BDS CV 0.57 0.77

GLN CV 0.56 0.83

GAL CV 0.38 0.55

• CCD represents the relative instability of two co-located receivers’ measurements for a specific 

GNSS time and frequency transfer.

• Both of the 4 GNSS system can provide the remote accuracy T&F transfer.



2. Performance of BDS Time Service 

BDS Time Transfer Experiment (International GNSS CV links)

UTC(ORB)-UTC(NTSC) via different GNSS links

The MDEV and TDEV for different links between 

UTC(ORB) and UTC(NTSC)

Labs GNSS link STD(ns)

ORB-NTSC

BDS CV 2.03

GPS CV 1.13

GAL CV 1.15

GLO CV 3.01

the constants are added to the original value, for better 

view
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GPS

BDS

BDS PPP,  NTSC&TL link

Laboratories Receiver code Receiver type Antenna type

NTSC NTP4
SEPT 

POLARX4TR
SEPCHOKE_MC

TL TL04
SEPT 

POLARX4TR
ASH701945C_M

UTC(NTSC)-UTC(TL)

The ADEV of UTC(NTSC)-UTC(TL)

Septentrio PolaRx 4TR Pro 

2. Performance of BDS Time Service 

BDS Time Transfer Experiment
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• Three Common methods for GNSS time offset monitoring .

• Some new results of the time offsets between BDT and other 

GNSS system time(GST,GPST&GLNT).

• BDT performance of BDS-2 and BDS-3 show that the 

performance of BDT is being improved gradually.

• BDS time transfer application test and evaluation show that 

BDS can provide high-precision time transfer applications in 

its signal coverage area.

3. Summary
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Consideration on Multi GNSS Ensemble Time
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-- Advantage

• User side. Low cost of the Multi-mode receiver producer, Improving positioning 

service. 

• Provider. reduce the content of the message broadcast and save the navigation 

message field.

-- Need to Consider

• Differences in time keeping capabilities of GNSS systems.

• need to fully explain the necessity of increasing the time scale, As UTCr has been 

published with similar functionality

• Related products can be also published by other agency such as IGS. Provider 

do not have to do everything.



Consideration on Multi GNSS Ensemble Time
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-- Need to Confirm：

• Detailed method of MGET implementation;

-- Who will take charge of the calculation of MGET, 

-- What type of clock data should submitted (Clocks on board? Clocks in 

Control center and Monitor station? and so on).

-- does it also require that each GNSS ground control center establish a 

time comparison link and submit link data?     
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