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Abstract: Common structures are provided in this standard for encoding data in communication between 
End Devices (meters, home appliances, IEEE 1703 Nodes) and Utility enterprise collection and control 
systems using binary codes and Extensible Markup Language (XML) content. The Advanced Metering 
Infrastructure (AMI) and SmartGrid requirements are addressed as identified by the Office of Electricity 
Delivery and Energy Reliability of the U.S. Department of Energy and by the Smart Metering Initiative of 
the Ontario Ministry of Energy (Canada) and of Measurement Canada. Sets of tables are exposed that 
are grouped together into sections that pertain to a particular feature-set and related function such as 
Time-of-use, Load Profile, Security, Power Quality, and more. Each standard Table Set (Data Model) can 
be expanded or restricted by the Manufacturer of the IEEE 1377 Device or home appliance using 
XML/TDL descriptive registered syntax (XML-based Table Definition Language) and enterprise data-
value management using EDL (Exchange Data Language) in a manner that is machine readable. 
Published jointly with NEMA and Measurement Canada, Tables are provided in support of Gas, Water, 
and Electric sensors and related appliances. Tables are also provided for network configuration and 
management by referencing its companion standard IEEE Std 1703TM-2012. IEEE Std 1377-2012 is co-
published as ANSI C12.19 and MC12.19. 
 
Keywords: ANSI C12.19, End Device, IEEE 1377, Utility Tables 
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Notice and Disclaimer of Liability Concerning the Use of IEEE Documents: IEEE Standards documents are developed within the 
IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards Board. IEEE 
develops its standards through a consensus development process, approved by the American National Standards Institute, which brings 
together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of 
the Institute and serve without compensation. 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. 

Use of an IEEE Standard is wholly voluntary. IEEE disclaims liability for any personal injury, property or other damage, of any nature 
whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the publication, use of, or 
reliance upon any IEEE Standard document. 

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and expressly disclaims any express 
or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that the use of the material 
contained in its standards is free from patent infringement. IEEE Standards documents are supplied "AS IS." 

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. Every IEEE standard is subjected to review at least every ten years. When a document is more than ten 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 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. 

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 the official position of IEEE or any of its committees and shall not be considered to be, nor 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 to ensure 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. Any person who would like to participate in evaluating comments or revisions to an IEEE 
standard is welcome to join the relevant IEEE working group at http://standards.ieee.org/develop/wg/.  

Comments on standards should be submitted to the following address: 

Secretary, IEEE-SA Standards Board 
445 Hoes Lane 
Piscataway, NJ 08854-4141 
USA 

Photocopies: Authorization to photocopy portions of any individual standard for internal or personal use is granted by The Institute of 
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To arrange for 
payment of licensing fee, 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. 
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Notice to users 

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 

This document is copyrighted by the IEEE. It is made available 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 this document available for use and adoption by 
public authorities and private users, the IEEE does not waive any rights in copyright to this document. 

Updating of IEEE 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. 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 the IEEE-
SA Website at http://standards.ieee.org/index.html or contact the IEEE at the address listed previously. For more 
information about the IEEE Standards Association or the IEEE standards development process, visit IEEE-SA 
Website at http://standards.ieee.org/index.html. 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL: 
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata periodically. 
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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 
http://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 
nondiscriminatory. 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. 
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Introduction 

This introduction is not part of IEEE Std 1377-2012, IEEE Standard for Utility Industry Metering Communication 
Protocol Application Layer (End Device Data Tables). 

The body of this standard was developed jointly with ANSI C12.19 and MC12.19. The joint agreement calls for the 
standards and regulatory organizations IEEE, ANSI, and MC to maintain the body of this standard in step and 
congruent as they publish versions and revisions of the standard. A number of editorial errors and error of omission 
were discovered since the publication of ANSI C12.19-2008, just before the acceptance of IEEE Std 1377-2012. 
These errors are listed in Annex N, “(normative) Listing of editorial errors and errors of omission in ANSI C12.19-
2008”. All reported errors were identified in the body of this standard and highlighted to indicate that the text was in 
error and was corrected. Errors of omission were corrected in the body of this document and similarly highlighted. 
Other minor editorial changes have been made to this standard, but they have not been highlighted. 

The second version of this standard was developed under the auspices of the secretariat of ANSI ASC 12 SC17 
WG2. For that reason, the document contains references to ANSI standards, which in a number of them are cross 
published by the IEEE. These standard references can be interchangeably replaced with the corresponding IEEE 
standards (or MC reference numbers) as follows: 

ANSI Standard IEEE Standard MC Reference 

ANSI C12.18 IEEE Std 1701TM MC12.18 

ANSI C12.19 IEEE Std 1377TM MC12.19 

ANSI C12.21 IEEE Std 1702TM MC12.21 

ANSI C12.22 IEEE Std 1703TM MC12.22 

All communications to Measurement Canada (MC) in regard to MC referenced Standard should be directed to:  

Measurement Canada 
Standards Building #4 
151 Tunney’s Pasture Driveway 
Ottawa, ON K1A 0C9 Canada 

IEEE Std 1377-2012 provides a common data structure for use in transferring data to and from utility End Devices, 
typically meters. It has been approved after considerable cooperative effort among utilities, meter manufacturers, 
automated meter reading service companies, ANSI, Measurement Canada (for Industry Canada), NEMA, IEEE, 
Utilimetrics, and other interested parties. 

The standard data structure is defined as sets of tables. The tables are grouped together into sections called decades. 
Each Decade pertains to a particular feature-set and related function such as Time-of-use, Load Profile, and so on. 
Table data is transferred from or to the End Device by reading from or writing to a particular table or portion of a 
table. Specific actions may be requested to be executed by the End Device through Procedure invocations. 

The second release of the standard represents a philosophical departure from the first release in 1997. This release of 
the standard is intended to accommodate the concept of an advanced metering infrastructure such as that identified 
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by the Office of Electricity Delivery and Energy Reliability of the U.S. Department of Energy; the Smart Metering 
Initiative of the Ontario Ministry of Energy (Canada); and the stated requirements of Measurement Canada for the 
approval of a metering device for use in Canada. 

This standard covers a broader range of functionality relative to its previous version; however, it does not follow that 
implementations of this broader range of functionality need to be large or complex. Implementers are encouraged to 
choose an appropriate subset that is suitable for their needs. Therefore, it is very unlikely for any one End Device to 
embed all tables or even the majority of the tables described herein. Implementers are encouraged to deploy their 
desired functionalities using complete and consistent suites of standard tables from standard decades to the largest 
extent practical. 

Readers who are acquainted with IEEE Std 1377-1997 will discover that the new version contains many changes. 
The changes may be categorized as follows:  

⎯ Additions of new features or new functionality through the introduction of new tables, decades, or 
syntax. 

⎯ Extensions or improvements to preexisting functionality in support of contemporary and anticipated 
industry needs. 

⎯ Corrections of errors and provision of clarifications that address known deficiencies and documentation 
of the accepted or anticipated industry practice. 

⎯ Introduction of XML-based table description language (TDL/EDL) and documentation of services 
supporting the needs expressed by initiatives such as Smart Metering, Advanced Metering Infrastructure, 
and the like. 

⎯ Removal of features that were found undesirable. 

⎯ Provision of guidelines for implementers of this standard and developers of future versions of the 
standard on backward compatibility and planned phase-out of obsolete features. 

Some of the many new features introduced in this revision of the standard include: 

⎯ Addition of new data types in support of high-precision sub-second time stamps, such as HTIME_DATE 
and HTIME. 

⎯ Creation of new syntax for the aggregation of transmitted characters into strings, STRING. 

⎯ Creation of new syntax for the aggregation of transmitted Octets into opaque blobs, BINARY. 

⎯ Addition of new Decade 9, Telephone tables. This Decade imports and supersedes the tables and syntax 
defined in ANSI C12.21/MC12.21/IEEE 1702. 

⎯ Creation of new Decade 11, Load Control and Pricing Tables. This Decade provides for demand-side 
management capabilities, including load control, demand response, prepayment, and direct customer 
billing functions. 

⎯ Creation of Decade 14, Extended User-defined Tables. This Decade provides capability for transmitting 
and receiving a contiguous stream of element and subelement data. The data are referenced methodically 
to the legitimate and formal IEEE 1377 data element. 

⎯ Creation of Decade 15, Quality-of-service Tables. This Decade provides control, capture, and logging of 
high-precision Quality-of-service performance indicators, such as power quality, and the inclusion of 
detailed waveforms, power spectra, and related information. 

⎯ Creation of Decade 16, One-way Devices Tables. This Decade provides control and management tables 
in support of one-way (talk-only) End Devices. 
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Some extensions or improvements to preexisting functionality include: 

⎯ Table 0, General Configuration Table, retains its original form and it is backward compatible with  
IEEE Std 1377-1997. However, a few notable control elements were modified: 

1) Extended CHAR_FORMAT to support UTF-8. 

2) Replaced MANUFACTURER element with DEVICE_CLASS element to facilitate a more 
dynamic End Device data model recognition. 

3) Extended TM_FORMAT in support of high-precision, sub-second, time stamps. 

⎯ Changed all data source selections in all tables (e.g., Table 22) from UINT8 to 
SOURCE_SELECT_RCD. This form is backward and forward compatible with IEEE Std 1377-1997 
when MODEL_SELECT is 0. 

⎯ Table 3, End Device Mode Status Table, incorporates the changes proposed in  
ANSI C12.21/MC12.21/IEEE 1702. 

⎯ Table 7, Procedure Initiate Table, and Table 8, Procedure Response Table, were updated and extended to 
provide procedures in support of new functionality that is needed by: 

1) Decade 7, History and Event Log Tables. 

2) Decade 9, Telephone Control Tables. 

3) Decade 11, Load Control and Pricing Tables. 

4) Decade 12, Network Control Tables. 

5) Decade 15 Quality-of-service Tables. 

⎯ Table 12, Unit of Measure Entry table, was expanded with new Units of Measure (UOMs). 

⎯ Table 17, Transformer Loss Compensation, was added to Decade 1. 

⎯ Extended the event log tables to provide a new capability to manage and detect program changes through 
the life of the End Device. 

⎯ Extended the event log tables to provide a new capability to manage, authenticate, and verify the 
integrity of data read from an End Device service point by any receiving client application that may 
reside across any communication system. 

⎯ Extended the table type that can be transmitted to include up to 2040 Extended-user-defined tables via 
TABLE_IDA_BFLD. Also introduced a new Decade 14, Extended User-defined Tables, to manage the 
collation of table elements, down to the bit level, into extended-user-defined tables. 

Corrections of errors and clarifications include: 

⎯ Section 7.0, Compliance, was updated to reduce variations in the implementation of the standard. 

⎯ Section 8.0, Table Transportation Issues, was updated to include the “Errata to ANSI Standard C12.19-
1997, Utility Industry Data Tables” published in 2001. It also was updated to harmonize this standard 
with ANSI C12.18/MC12.18/IEEE 1701, ANSI C12.21/MC12.21/IEEE 1702, and  
ANSI C12.22/MC12.22/IEEE 1703. 

⎯ Table 7, Procedure Initiate Table, and Table 8, Procedure Response Table, indices calculations were 
completely rewritten to eliminate a fatal error in the production of unique indices for procedure 
parameters when using index/count access methods. 
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Removal of features that were considered undesirable: 

⎯ Section 5.0, Syntax, no longer supports two-dimensional arrays. Appropriate corrections were applied 
wherever this syntax was used. This does not impact the offset/count data access methods. 

The reader is encouraged to review the descriptive text as it brings significant clarifications and examples of use 
where appropriate.  
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