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Notice of Rights All rights reserved. This document is the property of the LXI Consortium. It may be
reproduced, unaltered, in whole or in part, provided the LXI copyright notice is retained on every
document page.

Notice of Liability The information contained in this document is subject to change without notice.
“Preliminary” releases are for specification development and proof-of-concept testing and may not
reflect the final “Released” specification.

The LXI Consortium, Inc. makes no warranty of any kind with regard to this material, including but
not limited to, the implied warranties of merchantability and fitness for a particular purpose. The
LXI Consortium, Inc. shall not be liable for errors or omissions contained herein or for incidental or
consequential damages in connection with the furnishing, performance, or use of this material.

LXI Standards Documents are developed within the LXI Consortium and LXI Technical Working
Groups sponsored by the LXI Consortium Board of Directors. The LXI Consortium develops its
standards through a consensus development process modelled after 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 Consortium and serve
without compensation. While the LXI Consortium administers the process and establishes rules to
promote fairness in the consensus development process, the LXI Consortium does not exhaustively
evaluate, test, or verify the accuracy of any of the information contained in its standards.

Use of an LXI Consortium Standard is wholly voluntary. The LXI Consortium and its members disclaim
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 this, or any other LXI Consortium Standard document.

The LXI Consortium does not warrant or represent the accuracy or content of the material contained
herein, 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 herein is
free from patent infringement. LXI Consortium Standards documents are supplied “as is”. The
existence of an LXI Consortium 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 LXI
Consortium 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 LXI Consortium Standard is subjected to
review at least every five years for revision or reaffirmation. When a document is more than five
years old and has not been reaffirmed, 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 LXI Consortium Standard.

In publishing and making this document available, the LXI Consortium is not suggesting or rendering
professional or other services for, or on behalf of, any person or entity. Nor is the LXI Consortium
undertaking to perform any duty owed by any other person or entity to another. Any person utilizing
this, and any other LXI Consortium Standards document, should rely upon the advice of a competent
professional in determining the exercise of reasonable care in any given circumstances.

Interpretations Occasionally questions may arise regarding the meaning of portions of standards as
they relate to specific applications. When the need for interpretations is brought to the attention of
LXI Consortium, the Consortium will initiate action to prepare appropriate responses. Since LXI
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Consortium Standards represent a consensus of concerned interests, it is important to ensure that
any interpretation has also received the concurrence of a balance of interests. For this reason, LXI
Consortium and the members of its working groups are not able to provide an instant response to
interpretation requests except in those cases where the matter has previously received formal
consideration. Requests for interpretations of this standard must be sent to
interpretations@Ixistandard.org using the form “Request for Interpretation of an LXI Standard
Document” found on the LXI Consortium’s Web site: http://www.Ixistandard.org

Trademarks Product and company names listed are trademarks or trade names of their respective
companies. No investigation has been made of common-law trademark rights in any work.

LXI is a registered trademark of the LXI Consortium, and this specification outlines the requirements
needed to claim LXI compatibility. The specification strives to ensure compatibility among devices
when used in a test system environment, and the authors tried to bias in favor of a simple user
experience. It also strives to define interfaces rather than implementations, whenever possible, to
preserve company-specific intellectual property.

This specification is the property of the LXI Consortium, a Delaware 501c3 corporation, for the use of
its members.

The LXI Consortium draws attention to the fact that it is claimed that compliance with this document
may involve the use of a patent or patents concerning technology described within the document.
The LXI Consortium takes no position concerning the evidence, validity and scope of this patent
right. The holder of this patent right has assured the LXI Consortium that he/she is willing to
negotiate licenses under reasonable and non-discriminatory terms and conditions with applicants
throughout the world. In this respect, the statement of the holder of this patent right is registered
with the LXI Consortium. Additional information may be obtained from the LXI Consortium’s Web
site:

http://www.Ixistandard.org

Attention is drawn to the possibility that some of the elements of this document may be the subject
of patent rights other than those identified above. The LXI Consortium shall not be held responsible
for identifying any or all such patent rights.

Comments for Revision Comments for revision of LXI Consortium Standards are welcome from any
interested party, regardless of membership affiliation with LXI Consortium. Suggestions for changes
in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards should be addressed to:

Secretary, LXI Consortium Standards Board

www.Ixistandard.org
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Recommendations for LXI systems containing devices supporting
different versions of IEEE 1588

Prepared by the LXI Consortium Timing and Synchronization Committee
December 15, 2008

Background

With the passage of LXI Standard 1.3 [1], all future LXI Class A or B devices or LXI Class C devices
implementing IEEE 1588 will conform to IEEE-2008 [2] and the LXI-1588 Profile [3]. LXI Class A or B
devices conformant to earlier versions of the LXI Standard conform to IEEE-2002 [4]. There are
numerous non-LXI devices on the market that implement IEEE 1588. Devices designed prior to the
approval of IEEE 1588-2008 implement IEEE 1588-2002 (version 1, v1). Most non-LXI devices
designed since this approval implement IEEE 1588-2008 (version 2, v2). In the very near future we
can expect to see test and measurement systems containing LXI and non-LXI devices that implement
different versions of IEEE 1588.

This white paper outlines recommended system design practices that will prevent degradation of
IEEE 1588 performance due to unwanted interactions between devices implementing version 1 and
version 2 of IEEE 1588.

The recommendations outlined are conservative in that they will ensure correct operation of IEEE
1588. There may well be less restrictive solutions applicable under some circumstances. There are
two assumptions underlying these recommendations:

1. That boundary clocks designed to translate between version 1 and version 2 are not
available. If these are available then they may be used to bridge between regions
implementing version 1 and version 2

2. That the version 2 devices in the system do not implement auto configuration between
version 1 and version 2. This is permitted but out of scope for IEEE 1588-2008.

If either of these assumptions is false then mixed systems can be constructed without the use of
these recommendations.

The rules and recommendations presented in this white paper were tested at the LXI Consortium
meeting in Toronto, Canada from May 20-23, 2008. The results are discussed in a paper presented
at ISPCS 2008 [5].

Device selection

Only devices that meet the following requirements should be included in an LXI system
implementing IEEE 1588:
1. Al LXI devices should be conformant to:
a. |EEE 1588-2008 and the LXI IEEE-1588 profile, or
b. IEEE 1588-2002.
2. All non-LXI devices that implement IEEE 1588 should be conformant to:
a. |EEE 1588-2008 and one of the following IEEE-1588 profiles:
i. LXIIEEE 1588 profile, or
ii. Default PTP profile for use with the delay request-response mechanism.
Section J.3.1 of IEEE 1588-2008, or
iii. Another profile compatible with and a superset of either of these. In this
case the devices must be configured to meet the LXI IEEE 1588 profile, or
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b. |EEE 1588-2002.
3. Non-bridging and non-routing devices, e.g. computers, printers, instruments, etc. not
implementing IEEE 1588 may be used subject to normal network design practice.
4. Bridging and routing devices not implementing IEEE 1588 may be used:
a. Subject to the restrictions in the system layout section of this memo, and
b. With the understanding that such devices may degrade the performance of IEEE
1588 below the required accuracy due to the network timing jitter introduced by
these devices.

System layout

There are three sets of rules that should be followed to ensure that LXI systems containing both IEEE
1588 versionl and version 2 devices achieve the best possible synchronization performance.

The following rules should be followed in designing the network layout of a system containing IEEE
1588 devices:
1. Version 1 devices should be directly connected only to:
a. Another version 1 device or a port on a version 1 boundary clock, or
b. A non-IEEE 1588 end device or bridge.

2. Version 2 devices should be directly connected only to:

a. Another version 2 device or a port on a version 2 boundary or transparent clock, or
b. A non-IEEE 1588 end device or bridge.

3. There should not be any version 1 boundary clock in the path between any port on a version
2 device and the (version 2) grandmaster clock to which it and possibly other version 2
devices synchronize.

4. There should not be any version 2 boundary or transparent clock in the path between any
port on a version 1 device and the (version 1) grandmaster clock to which it and possibly
other version 1 devices synchronize.

This first set of rules ensures that PTP version 1 messages are not dropped or corrupted by version 2
devices between the version 1 grandmaster and its version 1 slaves, and similarly for PTP version 2
messages. However these rules do not preclude IEEE 1588 messages of one version actually
reaching devices supporting the other version. This issue is dealt with by the second set of rules.

The following set of rules ensures that version 1 PTP messages are never processed by version 2
devices and vice versa:

1. Ina mixed system all version 1 devices should be configured to use AlternatePTPdomain3 as
defined in D.3.1 of IEEE 1588-2002. This results in the version 1 devices transmitting and
receiving PTP messages on IP multicast address 224.0.1.132. All version 2 devices
irrespective of domain use IP multicast address 224.0.1.129 as specified in D.3 IEEE 1588-
2008. As a result of this configuration, version 1 devices do not process version 2 PTP
messages and vice versa and this is enforced at a low level in the protocol stack. Note that
both version 1 and version 2 conformant devices are required to ignore PTP messages from
a domain other than the one in use by the receiving port.

2. An alternative, or parallel, technique is to place a bridge between the region containing
version 1 and the region containing version 2 devices. This bridge should be configured to
block all PTP traffic. Typical managed bridges are able to perform this function but
inexpensive unmanaged bridges do not.

This second set of rules ensures that there are no unwanted interactions between version 1 and
version 2 devices. However the timescale in the two regions are disjoint either because of the two
domains or the physical separation. This last difficulty is dealt with by the third and final set of rules.
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To synchronize the timescales in the version 1 and version 2 regions created by the first two sets of
rules, the following rules should be followed:

1. A2-port IEEE 1588 device configured to be the grandmaster clock should be included in the
system. One of these ports should implement version 1 and the other version 2. Both ports
should operate from a single internal IEEE 1588 clock with the result that the timescales
provided by both ports are the same. This clock may be free-running or may in turn be
synchronized to an external source of time such as GPS.

2. The version 1 port should be connected to a port in the version 1 portion of the system. The
version 1 port should be configured with the ‘preferred’ attribute set to TRUE (7.4.2.8 and
6.2.4.4 IEEE 1588-2002).

3. All other version 1 ports in the system should be configured with the ‘preferred’ attribute
set to FALSE.

4. The version 2 port on the aforementioned 2-port device should be connected to a port in
the version 2 portion of the system. The version 2 port should be configured with the
‘priorityl’ attribute set to 0 (7.6.2.2 IEEE 1588-2008).

5. All other version 2 ports in the system should be configured with the ‘priorityl’ attribute set
to 128 (or at least greater than 0).

This final set of rules ensures that version 1 and version 2 ports of the special 2-port clock become
the grandmasters respectively in the version 1 and version 2 regions of the system. Since both ports
share a common clock the entire system operates from the same timescale.

Example Systems lllustrating These Rules

The following figures illustrate systems designed according to these rules.

In Figure 1 the first set of rules requires that the paths between a slave clock and its master traverse
only 1588 devices of the same version. For example, version 1 ordinary clock-1 communicates to the
version 1 port on the grandmaster via the version 1 boundary clock. Likewise version 1 ordinary
clock-3 communicates to the version 1 version 1 port on the grandmaster via the ordinary bridge
and the version 1 boundary clock. Note than none of the paths from version 1 ordinary clocks to
their grandmaster traverse any version 2 device. A similar situation holds for version 2 devices.

The second set of rules requires that the version 1 and version 2 devices do not processes each
others PTP messages. There is a path from all devices in the system to any other device. For example
ordinary clock-1 can communicate to ordinary clock-8 via a path traversing in order the version 1
boundary clock, the ordinary bridge and the version 2 boundary clocks. In this case isolation
between version 1 and version 2 devices is achieved by use of multicast address rule. In the system
of Figure 1, all version 1 devices use multicast address 224.0.1.132 by virtue of being in PTP domain
AlternatePTPdomain3. The version 2 devices all use multicast address 224.0.1.129 irrespective of the
PTP domain. Thus messages from version 1 clocks are never processed by version 2 clocks and vice
versa even though for non-PTP traffic there is full connectivity between devices by virtue of the
ordinary bridge.

The third set of rules requires that the grandmaster in both domains be a 2-port clock with one port
connected in each domain. Thus in Figure 1 the version 1 port of the grandmaster clock is connected
to the version 1 boundary clock and similarly for the version 2 port. As required by the third set of
rules the various attributes of all clocks are configured such that the 2-port clock is the grandmaster
clock. This ensures that the version 1 and version 2 clocks both synchronize to the same time scale.
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Figure 1: V1 and V2 clocks separated based on multicast address
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The difference between the systems in Figure 1 and Figure 2 is that in the system illustrated in Figure
2 the port blocking alternative is used to prevent interaction between version 1 and version 2 clocks.
In Figure 2 the version 1 clocks are free to use any domain including the default domain even though
the default domain uses the same multicast address, 224.0.1.129 as the version 2 clocks. In Figure 2
the ports on the bridges linking the region containing version 1 clocks to the region containing
version 2 clocks are configured to block all PTP traffic. This prevents interaction between version 1
and version 2 clocks. As before both version 1 and version 2 clocks synchronize to the same time
scale by virtue of the 2-port grandmaster clock. Note that the connection between the two regions
can be via either the ordinary bridges, shown as path A in Figure 2, or via the boundary clocks,
shown as path B, provided that in each case the ports on these paths are configured to block PTP
traffic. Normally only one of the two paths, A or B, will be used to prevent communication loops.
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Figure 2: V1 and V2 clocks separated based on the bridge blocking PTP traffic
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