
PXOWLSOH�FORFNV�WR�EHWWHU�WKDQ����PLFURVHFRQGV�506���$�1HWZRUN�7LPH�6HUYHU�ZLWK�D�
*36�RU�&'0$�UHFHLYHU�DQG�373�LV�W\SLFDOO\�UHIHUUHG�WR�DV�DQ�³,(((������*UDQG0DV�
WHU´���7KLV�SDSHU�ZLOO�GHVFULEH�WKH�EDVLF�SULQFLSOHV�RI�373��YDULRXV�LPSOHPHQWDWLRQV�RI�
373��PHDVXUHPHQW�PHWKRGV��DQG�V\QFKURQL]DWLRQ�UHVXOWV�XVLQJ�D�7HPSXV�/;�RU�8QLVRQ�
*UDQG0DVWHU�&ORFN�

373�6\QFKURQL]DWLRQ
The protocol defines synchronization messages used between a Master and Slave clock similar to the Server 
and Client mode used in the Network Time Protocol (NTP).  The Master is the provider of time, and the Slave 
synchronizes to the Master.  A Grandmaster is a Master that is synchronized to a time reference such as GPS 
or CDMA.

Messages in the protocol include Master sync message, Master delay response message, and the Slave clock 
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7\SLFDO�0HDVXUHPHQW�0HWKRGV
The following are two typical measurement methods for determining the accuracy of a PTP Slave synchronized to a PTP Master.  
Both methods have shortcomings.

1.  Statistics gathered at a Slave is a simple method of understanding synchronization capability, it however does not directly relate 
to the actual time of the Slave clock.  

2.  Hardware measurements comparing a Slave to a Master using lab equipment (i.e. time interval counter or oscilloscope) are 
valid techniques only if both the Master and Slave clocks provide 1 pulse per second (PPS) outputs as illustrated in Figure 3.  This 
method can measure the difference between the phase of the 1PPS pulses.  While this is valid it lacks the major time of day (days, 
hours, minutes, seconds) and can have an un�
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)LJXUH�����7\SLFDO�0HDVXUHPHQၗ�0HWKRG�IRU�&RPSDULQ၊�6ODYH�WR�0DVWHU

(Q၇5XQဃ373�7LPH�6\Q၆KURQL]DWLRQဃ$၆FXUD၆\�0HDVXUHPHQၗ�0HWKRG
Inဃorder to thorou၊hly tesၗ the time syn၆hronizationဃa၆cura၆y ofဃaဃPTP systemဃaဃmeasuremenၗ method was des၌gned thaၗ wou၏d com-

pareဃPTP time a၆cura၆y with aၑဃa၅solute time re၉eren၆e.  This e၏imin၄tesဃthe problemsဃwith the more typical measuremenၗ methodsဃ
des၆ribe၇ဃa၅ove. 

373�6ODYH�0HDVXUHPHQၗ�'HYLFH
Aဃspecial measuremenၗ device was des၌gned aၑ၇ consဃሗypi耄瀀oʧRthodsဃ

com
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*36�DQG�&'0$�0DVWHU�6ODYH�7HVW�&RQILJXUDWLRQV
The test network was configured with a Tempus LX Grandmaster clock, the network element, and the PTP Slave Measurement Device 
(see Figure 5).  The two test configurations (GPS and CDMA) are shown independently for a clear understanding of the network 
configuration (see Figures 6 and 7).  With GPS, the measurements are considered to be in common view.  Both of the GPS antennas 
are on the same roof within two meters of each other.  With CDMA, the measurements are not in common view and an added 
CDMA base station offset uncertainty is introduced.  The PTP clock configurations were defaulted at two second sync rates.  The data 
collected was for a minimum of 24 hours on the LAN with typical daily use network loading.
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0HDVXUHPHQW�$QDO\VLV
The analysis of the time synchronization is a combination of the Tempus LX Grandmaster clock reference source (GPS or CDMA), the 
network element that affects Packet Delay Variation (PDV) and the Slave clock implementation.

The greatest variation is due to the network element affecting PDV.  In this case PDV is the difference in packet delay from the 
Grandmaster to Slave, from one packet to the next.  PDV is caused by a combination of distance between the Master and Slave, 
and the queue delay of the switches affected by network traffic.

The following plots shown include the PTP Slave offset from the GPS Grandmaster (Figure 8) and the Histogram of the PTP Slave 
locked to the GPS Grandmaster (Figure 9). The Slave measured by the GPS time compare shows a 5.24 microseconds RMS 
synchronization with a 1 microsecond mean offset.
  
Figures 10 and 11 show the PTP Slave offset from the CDMA Grandmaster and the Histogram of the PTP Slave locked to the 
CDMA Grandmaster.  The Slave measured by the GPS time compare shows a 9.72 microseconds RMS synchronization with a -8.47 
microseconds mean offset.  This offset is attributed to the uncertainty of the distance to the CDMA base station and it is not in 
common view to GPS.
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