
NMRA Technical Note 

Layout Command ControlTM (LCC) 

Common Information

Apr 25, 2021 TN-9.7.0.2 

  Adopted as a NMRA Technical Note
The OpenLCB Standard document appended to this cover sheet has been formally adopted as a 
NMRA Standard by the NMRA Board of Directors on the date shown in the Adopted column in 
the Version History table below.

  Version History
Date Adopted Summary of Changes

Feb 17, 2015 Feb 20, 2016 Initial version submitted for public comment

Apr 25, 2021 July 2, 2021 Changed LCC logo to include the ® symbol
Changed “Layout Command Control” to have the TM symbol
Added the NMRA Legal Disclaimer fine-print
Changed the OpenLCB license to “Creative Commons 
Attribution-ShareAlike 4.0 International”



  Important Notices and Disclaimers Concerning NMRA Standards Documents
The Standards (S), Recommended Practices (RP), Technical Note (TN) and 
Technical Information (TI) documents of the National Model Railroad 
Association (“NMRA Standards 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 
NMRA Standards Documents." 

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

NMRA Standards documents are developed within the Standards and 
Conformance Department of the NMRA in association with certain Working
Groups, members, and representatives of manufacturers and sellers. NMRA 
develops its standards through a consensus development process, which 
brings together volunteers representing varied viewpoints and interests to 
achieve the final product. NMRA Standards documents are developed by 
volunteers with modeling, railroading, engineering, and industry-based 
expertise. Volunteers are not necessarily members of NMRA, and participate
without compensation from NMRA. 

NMRA does not warrant or represent the accuracy or completeness of the 
material contained in NMRA Standards documents, and expressly disclaims 
all warranties (express, implied and statutory) not included in this or any 
other document relating to the standard or recommended practice, 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, NMRA disclaims any and all 
conditions relating to results and workmanlike effort. In addition, NMRA 
does not warrant or represent that the use of the material contained in NMRA
Standards documents is free from patent infringement. NMRA Standards 
documents are supplied “AS IS” and “WITH ALL FAULTS.” 

Use of NMRA Standards documents is wholly voluntary. The existence of 
an NMRA Standard or Recommended Practice 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 NMRA Standards documents. 
Furthermore, the viewpoint expressed at the time that NMRA approves or 
issues a Standard or Recommended Practice is subject to change brought 
about through developments in the state of the art and comments received 
from users of NMRA Standards documents. 

In publishing and making its standards available, NMRA is not suggesting or
rendering professional or other services for, or on behalf of, any person or 
entity, nor is NMRA undertaking to perform any duty owed by any other 
person or entity to another. Any person utilizing any NMRA Standards 
document, should rely upon their 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 NMRA Standards documents. 

IN NO EVENT SHALL NMRA BE LIABLE FOR ANY DIRECT, 
INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR 
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: 
THE NEED TO PROCURE 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 OR RECOMMENDED PRACTICE, EVEN IF 
ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE. 

Translations

NMRA’s development of NMRA Standards documents involves the review 
of documents in English only. In the event that an NMRA Standards 
document is translated, only the English version published by NMRA is the 
approved NMRA Standards document. 

Official Statements 

A statement, written or oral, that is not processed in accordance with NMRA 
policies for distribution of NMRA communications, or approved by the 
Board of Directors, an officer or committee chairperson, shall not be 
considered or inferred to be the official position of NMRA or any of its 
committees and shall not be considered to be, nor be relied upon as, a formal 
position of NMRA. 

Comments on Standards 

Comments for revision of NMRA Standards documents are welcome from 
any interested party, regardless of membership. However, NMRA does not 
provide interpretations, consulting information, or advice pertaining to 
NMRA Standards documents. 

Suggestions for changes in documents should be in the form of a proposed 
change of text, together with appropriate supporting comments. Since 
NMRA 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, NMRA, its 
departments, Working Groups or committees cannot provide an instant 
response to comments, or questions except in those cases where the matter 
has previously been addressed. For the same reason, NMRA does not 
respond to interpretation requests. Any person who would like to participate 
in evaluating comments or in revisions to NMRA Standards documents may 
request participation in the relevant NMRA working group. 

Laws & Regulations 

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

Copyrights

NMRA Standards documents are copyrighted by NMRA under US and 
international copyright laws. They are made available by NMRA 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 modeling, structural and 
engineering practices and methods. By making NMRA Standards documents
available for use and adoption by public authorities and private users, 
NMRA does not waive any rights in copyright to the NMRA Standards 
documents. 

IMPORTANT NOTICE 

NMRA Standards documents do not guarantee or ensure safety, security, 
health, or environmental protection, or ensure against interference with or 
from other systems, devices or networks. NMRA Standards documents 
development activities consider research and information presented to the 
standards development group in developing any safety recommendations. 
Other information about safety practices, changes in technology or 
technology implementation, or impact by peripheral systems also may be 
pertinent to safety considerations during implementation of the standard. 
Implementers and users of NMRA 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.
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 1 Introduction
The OpenLCB Standards are independently normative.  That is, each document contains 
statements that assert how things should or ought to be, and each document is written to be self 
consistent.  In general, documents marked as Standards focus on explicit requirements and 
assertions, while Technical Notes provide non-binding context and rationale; to avoid confusion, 
the terms Normative and Informative are liberally used in section headings.

This Technical Note provides common background information that may be useful as you read 
existing Standards and Technical Notes, and may provide useful guidance as you write new ones.

This Technical Note is not normative in any way.

 2 Data
 2.1 Reserved fields

When sending a message, set reserved fields to zero value unless otherwise specified. When 
transporting a message, transport reserved quantities unchanged.

When receiving a message, consult the Standard: reserved fields come in two flavors. One is 
“reserved, send as zero, ignore upon receipt”. This means that a receiving node shall process 
the message, ignoring the value in the reserved field (or assuming it was the default value of 
zero). Some future extension or additional information may not be available, but the interaction 
can be continued without it. The other flavor is “reserved, send as zero, check upon receipt”. 
This means that if the receiving node finds a non-zero value in that field, it must abort processing
the message, not perform any action requested by it, and if appropriate, should respond with an 
error code, preferably some form of “unimplemented”. Future versions of the standard may 
define the bits marked with “check upon receipt” in a way that is incompatible with previous 
versions of the standard, including giving the rest of the message a completely different meaning 
when the reserved field is not the default value.

The zero value sometimes indicates a non-initialized value. 

 2.2 Numerical representation

Unless otherwise specified, OpenLCB fields are unsigned. 

OpenLCB does not define a floating point representation. IEEE half-size (16 bit) floats are used 
in e.g. the Throttle protocols under development.

 2.3 Byte sequences

Bytes are defined as 8 bits.
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OpenLCB is, by default, big-endian.  When sending multi-byte data, the byte containing the most 
significant bits is sent first. This is the same as the CAN header, Ethernet and the common internet 
protocols, but not the same as the Intel x86 architecture.

When a sequence of bytes is being documented or described, the first or most significant is labeled 0, 
the next is labeled 1, etc. This results in phrases like “byte 0” and “the first byte” referring to the same 
thing.

 2.4 Bit sequences

The OpenLCB protocol descriptions use LSB 0 coding, where the the least significant bit in any word, 
byte or field is numbered 0, with bits to the left (toward the MSB) then given higher numbers.  

Although “first bit” properly denotes the most-significant bit of the field being discussed, “second bit” 
refers to the bit adjacent to the first bit, etc, it is better to refer to “most significant bit” rather than “first
bit”.

The CAN specification and some layout-level protocols, such as NMRA DCC and Digitrax Loconet, 
use LSB 0 coding. That's the primary motivation for the choice of LSB 0 for OpenLCB. Unfortunately,
MSB 0, where the most-significant bit is labelled with 0, is what's used for many protocol 
specifications, including the RFC series of protocols and the Ethernet definition.  It's unfortunate that 
there's no single convention that OpenLCB could adopt to be consistent with the entire world, but there
isn't.

 2.5 Strings

OpenLCB strings are sequences of UTF-8 values1. This allows OpenLCB devices to represent all the 
international writing systems that are described by Unicode2 with only a small processing burden in the
most common (Western alphabet) case.

OpenLCB does not prefer length-coded or null-terminated strings.  Standards should specify which is 
used in each case.

OpenLCB uses newline, also known as line-feed (\n 0x0A) as the line-end character within strings. 
Carriage return (\r 0x0D) should be considered as general white space. 

There are no specific tab settings. You cannot assume a tab is any particular number of spaces. You can
assume it counts as non-null white space.

Certain standards retain the 0x80 bit in the first byte as a way of eventually indicating other codings, 
particularly compression of the UTF-8 text.  If this is possible, it's specified in the relevant standard. 
For example, XML CDI strings can start with either the UTF-8 text for “<?xml” which starts with 
0x3C, or with a 0x80 followed by an indication of the format of the compressed UTF-8 text that 
follows. See the individual standards for more information.

1For an introduction to UTF-8 coding and how it represents international character sets, see e.g. 
http://en.wikipedia.org/wiki/UTF-8  

2From the glossary of the Unicode standard, http://www.unicode.org/versions/Unicode6.1.0/ch03.pdf#G7404 : “UTF-8: A 
multibyte encoding for text that represents each Unicode character with 1 to 4 bytes, and which is backward-compatible 
with ASCII. UTF-8 is the predominant form of Unicode in web pages.” See sections 3.9 and 3.10 in the Unicode 
specification, link above.
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 3 Presentation
OpenLCB documents use the prefix “0x” to indicate a hexadecimal value.  Hexadecimal values are 
presented with capital letters: 0xAB not 0xab. A sequence of bytes only requires the “0x” prefix on the 
first byte:  0x12 34 56 78.

OpenLCB documents use the prefix “0b” to represent a binary value.

Octal representations are not used.

The boolean values are “true” and “false”.

Constants should always include the full field length. A value for a 12-bit field should be written as 
0x002 or 0b000000000010, not 0x2 or 0b10. 

Commas can be used in numbers after decimal thousands (65,523), 16-bit double-bytes for hex 
constants (0x1234,4567), and four-bit nibbles in binary (0b1000,0000). Do not put a space after the 
comma. 

Byte sequences for specific quantities, including both Unique ID (node ID) and Event ID values, 
should be shown in dotted-hex format e.g. “01.AB.34.01.CD.E3”. General byte sequences that don't 
represent a single value should be in spaced-hex format, e.g. “01 02 AB DE 00 00”. It's recommended 
that leading zeros be provided on output, but not required on input.  Dotted-decimal should not be used 
unless it's made very clear that that is the case.

 3.1 Presentation of CAN Quantities

The 29-bit CAN extended header is presented as a single hex string: 0x0000,0000. The active bits are 
at the right side, so that the highest possible value is 0x1FFF,FFFF.

“sss” is used to represent the source node ID alias in a CAN frame.

“ddd” is used to represent the destination node ID alias in a CAN frame.

A sample CAN header with both source and destination node addresses might be: 0x1Fdd,dsss or 
0x1Fdddsss.

The data content of a frame is presented as a sequence of individual bytes. A typical complete frame 
might be then 0x1FFFFsss 01 02 03 04. 

 3.2 Presentation of an OpenLCB message

OpenLCB messages are described in this common format:

Name Description Simple
Node 

Dest
ID

Event
ID

Common
MTI

Data Content

(optional field) N N N 0x0000

• Name: Standard name of the message.
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• Description: Optional field, generally used if there is variant forms. 
• Simple Node: Whether the message is included in the “simple node subset” (defined in the 

Message Networking TN).
• Dest ID: Whether this message includes a destination address for a specific node. If not, the 

message is global.
• Event ID: Whether this message includes an Event ID.

Common MTI: The 16-bit value, typically in hex notation, of the full Message Type Indicator.
• Data Content: Summary description of data bytes, if any, included after fixed fields such as 

MTI and destination address.

Adaptation to CAN messages are described in this format:

Name Description CAN-MTI CAN
Header

Data Content

(optional field) 0x000
(optional field)

0x1800,0sss fddd

• Name: Standard name of the message.
• Description: Optional field, generally used if there is variant forms. 
• CAN-MTI format: Typical CAN frame representation of the MTI. Optional field, used only if 

the CAN-MTI is not equal to the low 12 bits of the Common MTI.
• CAN Header: Contains the CAN header.  Source node ID alias is represented by “sss”.  

Destination node ID alias, if present, is represented by “ddd”.
• Data Content: Summary description of data bytes, if any. For addressed messages, also include 

the fixed destination address format, represented as “fddd”, where the “f” represents 
fragmentation flags.  

Note that this information is not completely independent.  The MTI value depends on simple subset, 
priority subgroup, etc, values.  The messages are detailed in specific associated documentation.  That 
documentation is considered normative.

For more information, see the various “Message Networking” Standards and Technical Notes.
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