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Executive Summary

Internet Protocol Media Experience (IPMX) was created to foster the adoption of open
standards-based protocols for interoperability over IP in the media and entertainment and
professional audio/video industries. IPMX is based on the SMPTE ST 2110 standard and as such
the VSF TR-10 suite of Technical Recommendations is a set of differences between SMPTE ST
2110 and IPMX.

for IPMX device with
ject dovered in this

MX devices are expected
and when it is not

This Technical Recommendation documents the minimum require
respect to system environment and device behavior. Some of the
document include requirements related to network support a
to behave when sending or receiving IPMX streams when
present.
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1 Introduction (Informative)

IPMX, which stands for IP Media Experience, is based on two families of specifications. The
SMPTE ST 2110 Professional Media Over Managed IP Networks suite of standards for the
transport of video, audio, and ancillary/control signals over IP networks, and the NMOS REST
APIs from AMWA, which provide discovery, connection management, and control.

IPMX is an accessible, open standard that meets the needs of professional and consumer video
and audio users in a wide variety of contexts while giving manufacturers and developers what
they need to build low-latency, interoperable, IP based audiovisual ucts or applications.

This document covers the system environment and device beha
Other aspects of the IPMX system and their individual requj
parts of this Technical Recommendation.

requiréments for [IPMX.
¢ documented in other
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The Video Services Foru
dedicated to video transpo
VSF is composed of servic
include:

ww.videoservicesforum.org) is an international association
nologies, interoperability, quality metrics and education. The
roviders, users and manufacturers. The organization’s activities

e providing forums to identify issues involving the development, engineering, installation,
testing and maintenance of audio and video services;

e cxchanging non-proprietary information to promote the development of video transport
service technology and to foster resolution of issues common to the video services industry;

e identification of video services applications and educational services utilizing video
transport services;
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e promoting interoperability and encouraging technical standards for national and
international standards bodies.

The VSF is an association incorporated under the Not For Profit Corporation Law of the State of
New York. Membership is open to businesses, public sector organizations and individuals
worldwide. For more information on the Video Services Forum or this document,

please call +1 929-279-1995 or e-mail opsmgr@yvideoservicesforum.org.

4 Conformance Notation
Normative text describes elements of the design that are indis e or contain the

conformance language keywords: "shall," "should," or "ma:

Informative text is potentially helpful to the user but be removed,
does not contain

roduetion and any
explicitly labeled as "Informative" or ind{gi tart with "Note:”

recommended as paf® i i uding others; or that a certain
course of action is preferr¢ i8Cessarily requigd; or that (in the negative form) a certain
possibility or

The keyword that is not defined at this time, shall not be used,
and may be define® . keyword “forbidden” indicates “reserved” and in addition
indicates that the pro ill ng¥er be defined in the future.

A conformant implementa cording to this document is one that includes all mandatory
provisions ("shall") and, if fiplemented, all recommended provisions ("should") as described. A
conformant implementation need not implement optional provisions ("may") and need not
implement them as described.

Unless otherwise specified, the order of precedence of the types of normative information in this
document shall be as follows: Normative prose shall be the authoritative definition; Tables shall
be next; followed by formal languages; then figures; and then any other language forms.
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5 Normative References

- TR-10-1:2024 Internet Protocol Media Experience (IPMX): System Timing and
Definitions

- TR-10-2:2024 Internet Protocol Media Experience (IPMX): Uncompressed Active Video

- TR-10-3:2024 Internet Protocol Media Experience (IPMX): PCM Digital Audio

- TR-10-4:2023 Internet Protocol Media Experience (IPMX): SMPTE ST 291-1 Ancillary
Data

- TR-10-5:2024 Internet Protocol Media Experience (IPM
Protocol

- TR-10-6:2022 Internet Protocol Media Experience

- TR-10-7:2022 Internet Protocol Media Experienc :

- TR-10-10:2024 Internet Protocol Media Experi : InfoFrame Packet
Transport

- TR-10-11:2024 Internet Protocol Media
Compressed Video

- TR-10-12:2023-2 Internet Protocol Media Exp€
Transport

- AES67-2018 AES standard for atigiag orks - High-performance

streaming audio-over-IP interoperal

Key Exchange

rward Error Correction

- Internet Engineering Task Force (IE ; ‘ iti Differentiated
Services Field (DS Eigld) i ' i at https://www.rfc-

For the purposes of th

apply.

In-Band Device that uses the same network port for media essence transport
and for control.

Out-Of-Band Device that uses separate network ports for media essence transport
and for control.

Frame-to-Frame Interval The time interval between successive video frames.
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7 General Provision

8 RTCP Sender Reports
IPMX Senders shall send RTCP Sender Reports formatted according to TR-10-1 as part of a
compound RTCP packets as per IETF RFC 3550 section 6.1.

The IPMX RTCP Sender report shall be the first packet of the compound RTCP packet as per
IETF RFC 3550 section 6.1.

Note: RFC3550 requires that all RTCP pack UST be sent in a
compound packet of at least two individ ts and that a
SDES packet containing a CNAME item M ' ed in each

compound RTCP packet [RFC3550, sectd
compound RTCP packet containing
followed by a RTCP SDES packet con ' allest
compound RTCP packet that complies wzl
3550 for a valid RTCP packsa

9 Synchronous IPMX Sender

An IPMX Sender that gene ¢ a mediaclk:direct=0

10 Non-Baseband IFP
IPMX Video Senders with #h output that is not based upon the conversion of a Baseband signal
may be unable to report the measured frequency of the pixel clock, total number of horizontal
pixels and total number of lines of the Source Media Device signal as required in section 10.2
Baseband Video IPMX Sender Signaling of TR-10-1. Such IPMX Senders shall use the
following values instead.

The htotal value shall be set to the width.
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The vtotal value shall be set to the height.
The measuredpixclk value shall be set to the width * height * exactframerate.

Note: width, height and exactframerate are the SDP parameters
from the FMTP section of the SDP file as define in SMPTE ST
2110-20 section 7.2.

IPMX Audio Senders with an output that is not based upon the convegsion of a Baseband signal
may be unable to report the measured sample rate of the Source vice signal. Such

IPMX Senders shall use the following values when implementj ction 10.3 Baseband Audio
IPMX Sender Signaling of TR-10-1.

The measuredsamplerate value shall be setto t edia stream as
signaled in the rtpmap section of the SDP file.

11 IPMX Receiver Synchronization
When an [PMX Receiver attempts to re der, the ts-refclk and mediaclk

Receiver to the Sender.

e a stream from

information shall be used to determine ho sachronize the

The ts-refclk attribute of the Sender shall be i clock used by the

If the Sender 5@ Bender reports that comply with TR-10-1 will be
present.

11.1 Synchronizing 8

An IPMX Receiver shall be

are met:
i.  The media stream is of a type that the Receiver is capable of receiving.

¥e to receive a IPMX media stream when the following conditions

The IPMX Receiver should use the RTCP Sender report messages to recover the timing
information for the IPMX media stream when one of the following conditions are met:
i.  The ts-refclk attribute of the IPMX Sender is of the localmac form
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ii.  The ts-refclk attribute of the IPMX Sender is of the ptp form and the IPMX Receiver
is not locked to the same or traceable PTP clock

The IPMX Receiver should use the common reference clock and the RTCP Sender report
messages to recover the timing information for the IPMX media stream when the following
conditions are met:

1. The ts-refclk attribute is of the ptp form
ii.  IPMX Receiver is locked to the same (or traceable PTP ¢

k) used by the Sender

IPMX Sender Reports are used by the IPMX Receiver to retrie
IPMX media stream.

e timing information of the

11.2 Frame-to-Frame Interval

IPMX Senders shall send the first packet of each frame nds to

For a Baseband IP s Ricrval shall correspond to the timing of their
baseband input signal.

following conditions ar8

The media stream is of a type that the Receiver is capable of receiving

ii.  The ts-refclk attribute of the Sender is of the ptp form.

iii.  The IPMX Receiver is locked to the same ptp clock (or traceable PTP clock) used by
the Sender.

iv.  The mediaclk attribute of the Sender is direct:0 (i.e. the media clock of the stream is
aligned with the ptp clock at epoch).
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The IPMX Receiver should use the common reference clock to recover the timing
information for the media stream.

NOTE: RFC 3550 recommends that the initial value of the RTP
timestamp be random. In TR-10, we override this with a
requirement for a zero-offset relationship to the Timestamp
Reference Clock (in the case when the Media Clock is
directly referenced to the Timestamp Reference Clock).

with other RTP
thd RTP
ically the

Receivers designed to maintain compatibi
implementations might need to comply w4
provisions in those RTP standards,
possibility that the offset could

12 IPMX Receiver vs PTP refclk

RTP timestamp can ¥4 igi 48y be used to align all streams.

Note: It is
clock,
referg

14 DHCP

IPMX Devices sha or configuration of all their network interfaces.

IPMX Devices shall mak
interfaces.

e default configuration method for all their network

IPMX Devices shall support the following list of DHCP provided information: IP address, subnet
mask, default gateway, DNS server, domain name.

IPMX Devices shall provide a method for users to enter all above DHCP configuration
information when a DHCP server is not available.

IPMX Devices shall be able to operate when only the IP address, subnet mask and gateway are
configured.
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15 DNS-SD Browsing
IPMX DEVICES shall support both mDNS and unicast DNS for DNS-SD browse operations,

IPMX DEVICES shall default to using both mDNS and unicast DNS for DNS-SD browse
operations.

IPMX DEVICES shall provide a user mechanism for limiting DSN-SD browse operations to the
unicast DNS method.

IPMX DEVICES shall provide a user mechanism for limiting DS
mDNS method.

owse operations to the

and unicast DNS:

e DNS-SD browse operation using unicas,
e If the DNS-SD browse operation using unica

shall not be used.
e Ifthe DNS-SD browse operatiorn\iisi i t successful, then the mDNS

method shall be used.
Note: A DNS-SD operation is coNs when a
requested service 4 i scovered |

unresponsive.

unresponsive, the [IPMX DeWE shall perform a new DNS-SD browse and start the selection

process again.

Note: The DNS-SD browse selection process described above is
designed to ensure that IPMX Devices exhibit consistent and
predictable behavior when discovering and selecting services. It
also aims to provide predictable behavior when services become
unavailable, especially when more than one provider of a given
service type is available (for example, to provide failover
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capability). When mDNS is used for DNS-SD operations, the above
selection process helps prevent rogue services from taking over
either maliciously or by mistake.

For example, consider the case when two NMOS IS-04 Registration
services are provided: a main one with a priority of 50 and a
backup one with a priority of 80. In this case, the DNS-SD
process described above would result in all IPMX devices

selecting the main server. IF the main NMOS I
subsequently goes offline, all IPMX Devices
backup service. However, when the main s
the IPMX devices will not automaticall the main NMOS
IS-04 server. This behavior allows t istrator to
pick IF and WHEN they want all devj the main

server. To force the devices to
system administrator could simply m
unavailable, thereby forcing all IPMX
DNS-SD browse, find the mai ister with it thereby
restoring normal operation.

Rogue NMOS IS-04
service appears
comes #nline during the
that IPMX Device will

oiding this; in a mDNS

current servewf
time when a rogue
select thg
environg e oL will need to find and

remoy S i is issue. The goal of this
behavio gnt operations from being
disturbed

16 Quality of ser?
To facilitate the implemen Of suitable quality of service (QoS) in a IPMX network, IPMX
Devices shall implement thg#DiffServ method as described in RFC 2474. DiffServ uses the
DSCEP field in each IP packet header to mark packets according to their traffic class so that the
network can easily recognize packets that need to be treated preferentially.

IPMX Devices conforming to TR-10-1 shall mark their PTP packets with a default value of EF
(46) in the DSCP field as defined in RFC 3246 and specified in AES-67 section 6.2.

IPMX Senders conforming to TR-10-2, TR-10-4, TR-10-7 and TR-10-11 shall use a default
value of AF42(36) for the DSCP field as defined in RFC 2597.
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IPMX Senders conforming to TR-10-3 and TR-10-12 shall use a default value of AF41 (34) for
the DSCP field as defined in RFC 2597 and specified in AES-67 section 6.2.

IPMX Senders conforming to TR-10-5, TR-10-6 and TR-10-10 shall mark their packets with the
same DSCP value as the respective RTP stream packets.

IPMX Senders shall mark outgoing RTCP Sender report packets with the same DSCP value as
the respective RTP stream packets.

IPMX Devices should provide a user mechanism for selecting the
generated streams.

17 1Pv4 Multicast Streams addressing
IPMX Devices shall support IPv4 multicast strea

IPMX Senders shall use a default UDP port value o i echanism
for selecting a different value.

IPMX Devices shall support IGMP V3 arigiiic ecific method with the source
address information provided in the SDP of¢

IPMX Devices shall support IGMP V2.

17.1 Default multicast WX4 address
When no user defined value'is provided, IPMX Senders shall use the following method to assign
a default IPv4 multicast address for their media stream.

Given an [IPMX Sender having a media network port with a [Pv4 address of A.B.C.D and
supporting multiple media streams. The default multicast address for a given IPMX media
stream shall be 239.S.C.D where S is the stream number. Where S shall be greater than 0 and
less than 128.
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For example, an IPMX Sender that has both a video and audio stream and whose media port has
the IPv4 address of 192.168.123.45 would be compliant to this specification if it used a default
multicast address of 239.1.123.45 for its video stream and 239.2.123.45 for its audio stream.

A method shall be provided for a user to change this default value.

Once a user defined value is provided, the user value shall be used, including when the IPMX
device restarts.

18 In-Band vs Out-Of-Band Operation

IPMX Devices may have a separate network port for NMQO addition to the network
port used to transmit or receive their media essence and
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