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Abstract: In this standard, a protocol is defined that provides precise synchronization of clocks in 
packet-based networked systems. Synchronization of clocks can be achieved in heterogeneous 
systems that include clocks of different inherent precision, resolution, and stability. The protocol 
supports synchronization accuracy and precision in the sub-microsecond range with minimal 
network and local computing resources. Customization is supported by means of profiles. The 
protocol includes default profiles that permit simple systems to be installed and operated without 
the need for user management. Sub-nanosecond time transfer accuracy can be achieved in a 
properly designed network. 
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Important Notices and Disclaimers Concerning IEEE Standards Documents 

IEEE documents are made available for use subject to important notices and legal disclaimers. These 
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the 
heading “Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be 
obtained on request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html.  

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents 

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE SA”) Standards Board. IEEE (“the Institute”) develops its standards through a 
consensus development process, approved by the American National Standards Institute (“ANSI”), which 
brings together volunteers representing varied viewpoints and interests to achieve the final product. IEEE 
Standards are documents developed through scientific, academic, and industry-based technical working 
groups. Volunteers in IEEE working groups are not necessarily members of the Institute and participate 
without compensation from IEEE. While IEEE administers the process and establishes rules to promote 
fairness in the consensus development process, IEEE does not independently evaluate, test, or verify the 
accuracy of any of the information or the soundness of any judgments contained in its standards. 

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure 
against interference with or from other devices or networks. Implementers and users of IEEE Standards 
documents are responsible for determining and complying with all appropriate safety, security, 
environmental, health, and interference protection practices and all applicable laws and regulations. 

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other 
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness 
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness 
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. 
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.” 

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related 
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved 
and issued is subject to change brought about through developments in the state of the art and comments 
received from users of the standard. 

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his 
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as 
appropriate, seek the advice of a competent professional in determining the appropriateness of a given 
IEEE standard. 

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE. 

http://standards.ieee.org/ipr/disclaimers.html
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Translations 

The IEEE consensus development process involves the review of documents in English only. In the event 
that an IEEE standard is translated, only the English version published by IEEE should be considered the 
approved IEEE standard. 

Official statements 

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board 
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its 
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, 
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall 
make it clear that his or her views should be considered the personal views of that individual rather than the 
formal position of IEEE. 

Comments on standards 

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice 
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a 
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a 
consensus of concerned interests, it is important that any responses to comments and questions also receive 
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and 
Standards Coordinating Committees are not able to provide an instant response to comments or questions 
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not 
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE 
standard is welcome to join the relevant IEEE working group. 

Comments on standards should be submitted to the following address: 

 Secretary, IEEE SA Standards Board 
 445 Hoes Lane 
 Piscataway, NJ 08854 USA 

Laws and regulations 

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with 
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory 
requirements. Implementers of the standard are responsible for observing or referring to the applicable 
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not 
in compliance with applicable laws, and these documents may not be construed as doing so. 

Copyrights 

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. 
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These 
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, 
and the promotion of engineering practices and methods. By making these documents available for use and 
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the 
documents. 
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Photocopies 

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to 
photocopy portions of any individual standard for company or organizational internal use or individual, 
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance 
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission 
to photocopy portions of any individual standard for educational classroom use can also be obtained 
through the Copyright Clearance Center. 

Updating of IEEE Standards documents 

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect. 

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years 
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of 
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that 
they have the latest edition of any IEEE standard. 

In order to determine whether a given document is the current edition and whether it has been amended 
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore at https://ieeexplore.ieee.or or 
contact IEEE at the address listed previously. For more information about the IEEE SA or IEEE’s standards 
development process, visit the IEEE SA Website at http://standards.ieee.org. 

Errata 

Errata, if any, for IEEE standards can be accessed via https://standards.ieee.org/standard/index.html. Search 
for standard number and year of approval to access the web page of the published standard. Errata links are 
located under the Additional Resources Details section. Errata are also available in IEEE Xplore: 
https://ieeexplore.ieee.org/browse/standards/collection/ieee/. Users are encouraged to periodically check for 
errata. 

Patents 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to 
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant 
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the 
IEEE SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may 
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without 
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of 
any unfair discrimination to applicants desiring to obtain such licenses. 

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting 
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or 
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing 
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that 
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely 
their own responsibility. Further information may be obtained from the IEEE Standards Association. 

https://ieeexplore.ieee.org/
http://standards.ieee.org/
https://standards.ieee.org/standard/index.html
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/about/sasb/patcom/patents.html
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Introduction 

This introduction is not part of IEEE Std 1588-2019, IEEE Standard for a Precision Clock Synchronization Protocol for 
Networked Measurement and Control Systems. 

This standard defines a protocol that provides precise synchronization of clocks in packet-based networked 
systems. The Precision Time Protocol (PTP) generates a master–slave relationship among the PTP 
Instances in the system. The clocks in all PTP Instances ultimately derive their time from a clock known as 
the “Grandmaster Clock.” In its basic form, this protocol is intended to be administration free. 

IEEE Std 1588-2019 includes content that was not present in IEEE Std 1588-2008. Similarly some content 
that was present in the IEEE Std 1588-2008 is not in IEEE Std 1588-2019. The following Annexes in  
1588-2008 are not present in IEEE Std 1588-2019: 

 Annex C (informative) Examples of residence and asymmetry corrections 

 Annex K ( informative) Security protocol (experimental) 

 Annex L (informative) Transport of cumulative frequency scale factor offset (experimental) 

Acknowledgments 

The working group would like to acknowledge Dieter Sibold and Steffen Fries for their contributions to the 
integrated security mechanism. 

 

 



 

 
Copyright © 2020 IEEE. All rights reserved. 

9 

Contents 

1. Scope .........................................................................................................................................................14 

2. Normative references .................................................................................................................................15 

3. Definitions, acronyms, and abbreviations .................................................................................................16 
3.1 Definitions ..........................................................................................................................................16 
3.2 Acronyms and abbreviations ..............................................................................................................24 

4. Conventions ...............................................................................................................................................26 
4.1 Descriptive lexical form syntax ..........................................................................................................26 
4.2 Word usage .........................................................................................................................................27 
4.3 Behavioral specification notation .......................................................................................................28 

5. Data types and on-the-wire formats ...........................................................................................................30 
5.1 General ...............................................................................................................................................30 
5.2 Primitive data type specifications .......................................................................................................30 
5.3 Derived data type specifications .........................................................................................................31 
5.4 On-the-wire formats ...........................................................................................................................35 

6. Clock synchronization model ....................................................................................................................36 
6.1 General requirements on implementations .........................................................................................36 
6.2 Principal assumptions about the network and implementation recommendations ..............................39 
6.3 PTP Networks .....................................................................................................................................39 
6.4 PTP message classes ...........................................................................................................................40 
6.5 PTP device types ................................................................................................................................41 
6.6 Synchronization overview ..................................................................................................................53 
6.7 PTP communications overview ..........................................................................................................65 

7. Characterization of PTP entities ................................................................................................................69 
7.1 Domains ..............................................................................................................................................69 
7.2 Timescales used in PTP ......................................................................................................................72 
7.3 PTP communications ..........................................................................................................................74 
7.4 PTP communication media .................................................................................................................81 
7.5 PTP Ports ............................................................................................................................................84 
7.6 PTP Instance characterization .............................................................................................................89 
7.7 PTP timing characterization .............................................................................................................103 

8. PTP data sets ...........................................................................................................................................105 
8.1 General specifications for data set members ....................................................................................105 
8.2 Data sets for PTP Instances ..............................................................................................................113 
8.3 Data sets for Transparent Clocks ......................................................................................................141 
8.4 commonMeanLinkDelayService data sets ........................................................................................144 

9. PTP for Ordinary Clocks and Boundary Clocks ......................................................................................144 
9.1 General protocol requirements for PTP Ordinary Clocks and Boundary Clocks .............................144 
9.2 State protocol ....................................................................................................................................145 
9.3 Best master clock algorithms ............................................................................................................154 
9.4 Grandmaster PTP Instance timePropertiesDS updates .....................................................................164 
9.5 PTP message processing semantics ..................................................................................................166 
9.6 Changes in the PTP Instance ............................................................................................................182 

10. PTP for Transparent Clocks ..................................................................................................................182 
10.1 Requirements for both end-to-end and peer-to-peer Transparent Clocks .......................................182 
10.2 End-to-end Transparent Clock requirements ..................................................................................182 
10.3 Peer-to-peer Transparent Clock requirements ................................................................................191 

11. Clock offset, path delay, residence time, and asymmetry corrections ...................................................195 



 

 
Copyright © 2020 IEEE. All rights reserved. 

10 

11.1 General specifications .....................................................................................................................195 
11.2 Computation of <offsetFromMaster> in Ordinary Clocks and Boundary Clocks ..........................196 
11.3 Delay request-response mechanism for Ordinary Clocks and Boundary Clocks............................197 
11.4 Peer-to-peer delay mechanism ........................................................................................................199 
11.5 MDMI interface and Special Ports .................................................................................................204 

12. Synchronization and syntonization of clocks ........................................................................................214 
12.1 Clock adjustments ...........................................................................................................................214 
12.2 Syntonization ..................................................................................................................................214 
12.3 Synchronization ..............................................................................................................................215 

13. PTP message formats ............................................................................................................................216 
13.1 General ...........................................................................................................................................216 
13.2 General PTP message format requirements ....................................................................................216 
13.3 Header .............................................................................................................................................216 
13.4 Suffix ..............................................................................................................................................222 
13.5 Announce message .........................................................................................................................222 
13.6 Sync and Delay_Req messages.......................................................................................................224 
13.7 Follow_Up message .......................................................................................................................224 
13.8 Delay_Resp message ......................................................................................................................225 
13.9 Pdelay_Req message ......................................................................................................................225 
13.10 Pdelay_Resp message ...................................................................................................................226 
13.11 Pdelay_Resp_Follow_Up message ...............................................................................................226 
13.12 Signaling message ........................................................................................................................227 
13.13 PTP management message ...........................................................................................................228 

14. TLV entity specifications ......................................................................................................................228 
14.1 General requirements ......................................................................................................................228 
14.2 Propagation of TLVs through Boundary Clocks ............................................................................230 
14.3 Vendor and standard organization extension TLVs ........................................................................231 
14.4 PAD TLV (optional) .......................................................................................................................233 

15. PTP management messages (optional) ..................................................................................................234 
15.1 General ...........................................................................................................................................234 
15.2 PTP management mechanism .........................................................................................................234 
15.3 Processing of PTP management messages .....................................................................................234 
15.4 PTP management message format ..................................................................................................235 
15.5 Management TLVs .........................................................................................................................238 

16. General optional features .......................................................................................................................272 
16.1 Unicast message negotiation (optional) ..........................................................................................272 
16.2 Path trace (optional) ........................................................................................................................280 
16.3 Alternate timescale offsets (optional) .............................................................................................282 
16.4 Holdover upgrade (optional) ...........................................................................................................289 
16.5 Isolation of PTP Instances running under profiles specified by different standards organizations 
(optional) ................................................................................................................................................290 
16.6 Common Mean Link Delay Service (optional) ...............................................................................291 
16.7 Configurable correction of timestamps (optional) ..........................................................................298 
16.8 Calculation of the <delayAsymmetry> for certain media (optional) ..............................................299 
16.9 Mixed multicast/unicast operation (optional) .................................................................................301 
16.10 Cumulative frequency transfer method for synchronizing clocks (optional) ................................304 
16.11 Slave Event Monitoring (optional) ...............................................................................................308 
16.12 Enhanced synchronization accuracy metrics (optional) ................................................................317 
16.13 Message Length Extension (optional) ..........................................................................................323 
16.14 PTP integrated security mechanism (optional) .............................................................................324 

17. State configuration options ....................................................................................................................338 
17.1 General ...........................................................................................................................................338 
17.2 Grandmaster clusters (optional) ......................................................................................................338 



 
Copyright © 2020 IEEE. All rights reserved. 

11 

17.3 Alternate master (optional) .............................................................................................................340 
17.4 Unicast discovery (optional) ...........................................................................................................343 
17.5 Acceptable master table (optional) .................................................................................................345 
17.6 Mechanism for external configuration of a PTP Instance’s PTP Port state (optional) ...................347 
17.7 Reduced state sets and use of the <foreignMasterList> feature (optional) .....................................353 

18. Interactions between PTP Instances in different PTP domains .............................................................354 
18.1 General specifications .....................................................................................................................354 
18.2 Interfaces enabling interdomain interactions ..................................................................................355 

19. Compatibility of this edition with earlier and future editions ................................................................355 
19.1 General ...........................................................................................................................................355 
19.2 Compatibility between version 2 and future versions .....................................................................356 
19.3 Compatibility with IEEE Std 1588-2002 ........................................................................................356 
19.4 Compatibility between the PTP Instance conformant to this edition and the implementations 
conformant to IEEE Std 1588-2008........................................................................................................356 

20. Conformance .........................................................................................................................................361 
20.1 Conformance objective ...................................................................................................................361 
20.2 PTP conformance requirements ......................................................................................................361 
20.3 PTP Profiles ....................................................................................................................................362 

Annex A (informative)  Using the Precision Time Protocol (PTP) .............................................................365 
A.1 Overview .........................................................................................................................................365 
A.2 Physical layout .................................................................................................................................366 
A.3 Logical layout ..................................................................................................................................366 
A.4 Component issues ............................................................................................................................367 
A.5 Local implementation issues ............................................................................................................368 
A.6 System implementation issues .........................................................................................................370 
A.7 Guidelines to achieve optimal performance .....................................................................................371 
A.8 Recommendations to aid in conformance testing ............................................................................371 
A.9 Recommendation for implementations in unicast networks or networks with non-PTP bridges and
routers .....................................................................................................................................................372 

Annex B (informative)  Timescales and epochs in PTP ..............................................................................375 
B.1 General considerations .....................................................................................................................375 
B.2 UTC, TAI and the PTP epoch and timescale updates ......................................................................375 
B.3 Standard time sources ......................................................................................................................378 
B.4 Meaning and uses of the attributes of the timePropertiesDS data set ..............................................379 

Annex C (normative)  Transport of PTP over User Datagram Protocol over Internet Protocol Version 4 .382 
C.1 General .............................................................................................................................................382 
C.2 UDP port numbers ...........................................................................................................................382 
C.3 IPv4 multicast addresses ..................................................................................................................382 
C.4 sdoId field values .............................................................................................................................383 
C.5 Optional values ................................................................................................................................384 
C.6 IPv4 Options ....................................................................................................................................384 
C.7 Protocol addresses ............................................................................................................................384 

Annex D (normative)   Transport of PTP over User Datagram Protocol over Internet Protocol Version 6 385 
D.1 General .............................................................................................................................................385 
D.2 UDP port numbers ...........................................................................................................................385 
D.3 IPv6 multicast addresses ..................................................................................................................386 
D.4 Optional values ................................................................................................................................386 
D.5 Protocol addresses ...........................................................................................................................386 

Annex E (normative)  Transport of PTP over IEEE 802.3 transports .........................................................387 
E.1 General .............................................................................................................................................387 
E.2 Ethertype ..........................................................................................................................................387 
E.3 Multicast media access control (MAC) addresses ............................................................................387 



 

 
Copyright © 2020 IEEE. All rights reserved. 

12 

E.4 majorSdoId field values ...................................................................................................................388 
E.5 Optional values.................................................................................................................................388 
E.6 Protocol addresses ............................................................................................................................388 

Annex F (normative)  Transport of PTP over DeviceNET ..........................................................................389 
F.1 Protocol ............................................................................................................................................389 
F.2 message timestamp point ..................................................................................................................389 
F.3 clockIdentity .....................................................................................................................................389 
F.4 PTP message formats .......................................................................................................................389 
F.5 DeviceNet addressing for PTP .........................................................................................................390 

Annex G (normative)  Transport of PTP over ControlNET ........................................................................391 
G.1 Protocol ............................................................................................................................................391 
G.2 clockIdentity ....................................................................................................................................391 
G.3 PTP message formats .......................................................................................................................391 
G.4 ControlNet addressing for PTP ........................................................................................................391 

Annex H (normative)  Transport of PTP over IEC 61158 Type 10 .............................................................392 
H.1 Background ......................................................................................................................................392 
H.2 Message specification ......................................................................................................................393 
H.3 DLPDU of the IEC 61158 TYPE10.................................................................................................394 
H.4 Encoding specifications ...................................................................................................................395 

Annex I (normative)  Default PTP Profiles .................................................................................................398 
I.1 General ..............................................................................................................................................398 
I.2 General requirements ........................................................................................................................398 
I.3 Delay Request-Response Default PTP Profile ..................................................................................398 
I.4 Peer-to-Peer Default PTP Profile ......................................................................................................400 
I.5 High-Accuracy Delay Request-Response Default PTP Profile .........................................................401 

Annex J (normative)  Performance monitoring options (optional) ..............................................................407 
J.1 General ..............................................................................................................................................407 
J.2 Timestamp monitoring ......................................................................................................................407 
J.3 Additional parameters .......................................................................................................................410 
J.4 Record data types ..............................................................................................................................412 
J.5 Data sets for performance monitoring ...............................................................................................414 

Annex K (informative)  Suppression of rogue Announce messages ...........................................................419 
K.1 Example—Star topology ..................................................................................................................420 
K.2 Example—PTP Network with a single loop with an odd number of PTP Instances in the loop .....422 
K.3 Example—More complex single loop PTP Network .......................................................................423 
K.4 Example—Linear chain ...................................................................................................................423 

Annex L (normative) Layer-1 based synchronization performance enhancement (optional)......................425 
L.1 General .............................................................................................................................................425 
L.2 Basic terms .......................................................................................................................................426 
L.3 Link Reference Model ......................................................................................................................427 
L.4 L1Sync port characteristics ..............................................................................................................429 
L.5 L1Sync data sets ...............................................................................................................................431 
L.6 L1Sync message exchange ...............................................................................................................434 
L.7 L1Sync port operation specification .................................................................................................437 
L.8 Optional parameters (option within this option) ..............................................................................439 
L.9 Link verification using Signaling messages (informative) ...............................................................444 

Annex M (informative)   Sub-nanosecond synchronization using the High Accuracy Default PTP  
Profile ..........................................................................................................................................................445 

M.1 General ............................................................................................................................................445 
M.2 Frequency loopback ........................................................................................................................445 
M.3 Timestamping precision ..................................................................................................................447 
M.4 Timestamping accuracy ..................................................................................................................448 



 

 
Copyright © 2020 IEEE. All rights reserved. 

13 

M.5 Medium and its asymmetry .............................................................................................................449 
M.6 Timing characteristics .....................................................................................................................450 

Annex N (informative)  Calibration procedures ..........................................................................................452 
N.1 General .............................................................................................................................................452 
N.2 Theoretical background ...................................................................................................................455 
N.3 Assumptions and requirements ........................................................................................................457 
N.4 Calibration procedures .....................................................................................................................459 

Annex O (informative)  Example inter-domain interactions .......................................................................466 
O.1 General .............................................................................................................................................466 
O.2 Sourcing timing to multiple domains ...............................................................................................466 
O.3 Providing timing to users (sinks) from multiple independent domains ...........................................467 
O.4 Transferring time from PTP domain A to PTP domain B ...............................................................468 
O.5 Example use for external configuration of port state .......................................................................473 

Annex P (informative) Security ...................................................................................................................474 
P.1 Overview, assumptions, and approach .............................................................................................474 
P.2 Multipronged approach—detailed definition ...................................................................................474 

Annex Q (informative) Bibliography ..........................................................................................................495 
 



 

 
Copyright © 2020 IEEE. All rights reserved. 

14 

 

IEEE Standard for a Precision  
Clock Synchronization Protocol for 
Networked Measurement and Control 
Systems 

1. Scope 

This standard defines a network protocol, the Precision Time Protocol (PTP), enabling accurate and precise 
synchronization of the real-time clocks of devices in networked distributed systems. The protocol is 
applicable to systems where devices communicate via networks, including Ethernet. The standard allows 
multicast communication, unicast communication or both. The standard specifies requirements for mapping 
the protocol to specific network implementations and defines such mappings, including User Datagram 
Protocol (UDP)/Internet Protocol (IP versions 4 and 6), and layer-2 IEEE 802.3 Ethernet.  

The protocol enables heterogeneous systems that include clocks of various inherent precision, resolution, 
and stability to synchronize to a grandmaster clock. The protocol supports synchronization in the sub-
microsecond range with minimal network bandwidth and local clock computing resources. The protocol 
enhances support for synchronization to better than 1 nanosecond. The protocol specifies how corrections 
for path asymmetry are made, if the asymmetry values are known. The grandmaster can be synchronized to 
a source of time external to the system, if time traceable to international standards or other source of time is 
required. The protocol provides information for devices to compute Coordinated Universal Time (UTC) 
from the protocol distributed time, if the grandmaster is traceable to international standards and is able to 
access pending leap-second changes. Options are also provided to allow end devices to compute other time 
scales from the protocol distributed time scale.  

The protocol defines timing domains in which system timing is consistent. The protocol establishes the 
timing topology. The default behavior of the protocol allows simple systems to be installed and operated 
without requiring the administrative attention of users to determine the system timing topology.  

The standard defines all needed data types, message formats, required computations, internal states, the 
behavior of devices with respect to transmitting, receiving, and processing protocol communications. The 
standard provides for the management of protocol artifacts in devices. The standard defines formal 
mechanisms for message extensions and the requirements for profiles that allow customization for specific 
application domains.  

The standard defines conformance requirements. Optional specifications are provided for protocol security. 
This standard documents conditions under which this standard is backward compatible with  
IEEE 1588-2008. 

 




