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1. Introduction

RTP protocols use NTP format tinmestanps to facilitate nmultinmedia
session synchronisation and to provide estimtes of round-trip tinme
(RTT) and other statistical paraneters.

I nformati on about nedia clock timng exchanged in NTP fornmat

ti mestanps may conme froma clock that is synchronised to a gl oba
time reference, but this cannot be assumed, nor is there a

st andardi sed nmechani sm available to indicate that tinmestanps are
derived froma conmon reference clock. Therefore, RTP

i npl enentations typically assune that NTP tinestanps are taken using
unsynchroni sed cl ocks and nust conpensate for absolute tine
differences and rate differences. Wthout a shared reference clock
RTP can time align flows fromthe sane source at a given receiver
using relative timng; however, tight synchronisation between two or
nmore different receivers (possibly with different network paths) or
between two or nore senders is not possible.

Hi gh performance AV systens often use a reference nedia cl ock
distributed to all devices in the system The reference nmedia clock
may be distinct fromthe reference clock used to provide tinestanps.
A reference nmedia clock may be provided along with an audi o or video
signal interface, or via a dedicated clock signal (e.g., genlock

[ SMPTE- 318M 1999] or audi o word cl ock [ AES11-2009]). |If sending and
receiving media clocks are known to be synchronised to a conmon
reference clock, performance can be inproved by nininising buffering
and avoi ding rate conversion

This specification defines SDP signalling of tinestanp reference
cl ock sources and nedia reference cl ock sources.

1.1. Requirements Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [RFC2119].

2. Applications
Ti mestanp reference clock source and nedia clock signalling benefit

applications requiring synchroni sed nedi a capture or playout and | ow
| at ency operation.
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Exanpl es i nclude, but are not limted to:

Social TV: "Inter-Destination Media Synchronization (IDVS) Using the
RTP Control Protocol (RTCP)" [RFC7272] defines social TV as the
conbi nati on of nmedia content consunption by two or nore users at
di fferent devices and |ocations and real -time conmmuni cation
bet ween those users. An exanple of social TV is where two or nore
users are watching the sane tel evision broadcast at different
devi ces and/or locations while comunicating with each other using
text, audio, and/or video. A skewin the nedia playout of the two
or nore users can have adverse effects on their experience. A
wel | -known use case here is one friend experiencing a goal in a
football match well before or after other friends.

Video Walls: A video wall consists of multiple conputer nonitors,
vi deo projectors, or television sets tiled together contiguously
or overlapped in order to formone |arge screen. Each of the
screens reproduces a portion of the larger picture. In sone
i mpl enent ati ons, each screen or projector nmay be individually
connected to the network and receive its portion of the overal
i mge from a network-connected video server or video scaler
Screens are refreshed at 50 or 60 hertz or potentially faster. |If
the refresh is not synchronised, the effect of nultiple screens
acting as one is broken.

Net wor ked Audi o: Networked | oudspeakers, anplifiers, and anal ogue
i nput/output (I/0O devices transnmitting or receiving audi o signals
via RTP can be connected to various parts of a building or canpus
networ k. Such situations can, for exanple, be found in |arge
conference roons, |egislative chanbers, classroons (especially
t hose supporting distance |earning), and other |arge-scale
envi ronnents such as stadiunms. Since humans are nore sensitive to
differences in audi o delay, this use case needs even nore accuracy
than the video wall use case. Depending on the exact application
the need for accuracy can then be in the range of m croseconds
[Asen].

Sensor Arrays: Sensor arrays contain nany synchroni sed neasurenent
el ements producing signals that are then conbined to form an
overal | measurenent. Accurate capture of the phase rel ationships
bet ween the various signals arriving at each el enment of the array
is critically inportant for proper operation. Exanples include
towed or fixed sonar arrays, seisnmic arrays, and phased arrays
used in radar applications, for instance.
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3. Definitions
The followi ng definitions are used in this docunent:

medi a level: Media-level information applies to a single SDP nedia
stream In an SDP description, nedia-level information appears
after each "nf-Iline.

mul ti medi a session: A set of multinedia senders and receivers as
well as the data streanms flowi ng fromsenders to receivers. SDP
[ RFCA566] describes nultinedia sessions.

RTP nedia stream A single stream of RTP packets identified by an
RTP Synchroni sati on Source (SSRC)

RTP sender: The device generating an associ ated RTP nmedi a stream

session level: Session-level infornmation applies to an entire
mul ti medi a session. In an SDP description, session-Ileve
i nformati on appears before the first "n'-1ine.

source level: Source-level information applies to a specific RTP
medi a stream "Source-Specific Media Attributes in the Session
Description Protocol (SDP)" [RFC5576] defines how source-|eve
information is included into an SDP session description

traceable time: A clock is considered to provide traceable tinme if
it can be proven to be synchronised to International Atomc Tine
(TAI'). Coordinated Universal Tinme (UTC) is a tinme standard
synchronised to TAl. UTCis, therefore, also considered traceable
time once | eap seconds have been taken into account. GPS
[1S-GPS-200F] is commonly used to provide a TAl traceable tine
reference. Some network tine synchronisation protocols (e.g.
Precision Tinme Protocol (PTP) [I|EEE1588-2008] and NTP) can
explicitly indicate that the master clock is providing a traceable
time reference over the network.

4. Tinestanp Reference O ock Source Signalling

The NTP format tinmestanps used by RTP are taken by reading a | oca
real -tine clock at the sender or receiver. This local clock may be
synchroni sed to another clock (tinme source) by sone neans, or it nay
be unsynchroni sed. A variety of nethods are available to synchronise
local clocks to a reference time source, including network tine
protocols (e.g., NTP [RFC5905] and PTP [| EEE1588-2008]) and radio
clocks (e.g., GPS [IS-GPS-200F]).
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The followi ng sections describe and define SDP signalling, indicating
whet her and how the | ocal tinmestanping clock in an RTP sender or
receiver is synchronised to a reference cl ock

4.1. dock Synchronisation

Two or nore |local clocks that are sufficiently synchronised will
produce tinestanps for a given RTP event that can be used as if they
came fromthe same clock. Tinmestanps produced in one RTP sender or
recei ver can be directly conpared to a local clock in another RTP
sender or receiver.

The accuracy of synchronisation required is application dependent.
See "Applications" (Section 2) for a discussion of applications and
their corresponding requirements. To serve as a reference clock

cl ocks nmust nminimally be "syntoni sed" (exactly frequency matched) to
one anot her.

Sufficient synchronisation can typically be achieved by using a
network time protocol (e.g., NTP, 802.1AS, and | EEE 1588-2008) to
synchroni se all devices to a single nmaster clock

Anot her approach is to use clocks providing a global tine reference
(e.g., GPS, Galileo, and GLONASS). This concept nay be used in
conjunction with network tine protocols as sonme protocols (e.g., PTP
and NTP) allow master clocks to indicate explicitly that they are
providing traceable tine.

4.2. ldentifying NTP Reference d ocks

A single NTP server is identified by a hostnane (or |P address) and
an optional port nunmber. |If the port nunber is not indicated, it is
assunmed to be the standard NTP port (123).

Two or nore NTP servers MAY be listed at the sanme level in the
session description to indicate that all of the listed servers
deliver the sane reference tinme and nmay be used interchangeably. RTP
senders and receivers are assured proper synchroni sation regardl ess
of which server they choose and, in support of fault tol erance, may
switch servers while strean ng

4.3. ldentifying PTP Reference d ocks

The Precision Tine Protocol (PTP) as standardised in | EEE 1588
provides a shared reference clock in a network. |EEE 1588 provides
sub-m crosecond synchroni sati on between devices on a LAN and
typically locks within seconds at startup. Wth support from

Et hernet switches, | EEE 1588 protocols can achi eve nanosecond tini ng
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accuracy in LANs. Network interface chips and cards supporting
hardware tinmestanping of timng-critical protocol nessages are al so
avail abl e.

Three flavours of | EEE 1588 are in use today:

o | EEE 1588-2002 [| EEE1588-2002]: the original "Standard for a
Preci sion C ock Synchronization Protocol for Networked Measurenent
and Control Systens". This is also known as | EEE1588v1 or PTPv1.

o | EEE 1588-2008 [I| EEE1588-2008]: the second version of the
"Standard for a Precision Oock Synchronization Protocol for
Net wor ked Measurenent and Control Systens". This is a revised
version of the original | EEE1588-2002 standard and is al so known
as | EEE1588v2 or PTPv2. | EEE 1588-2008 is not protocol conpatible
with | EEE 1588-2002.

o | EEE 802. 1AS [I| EEE802. 1AS-2011]: "Timi ng and Synchroni zation for
Tinme Sensitive Applications in Bridged Local Area Networks". This
is a profile of | EEE 1588-2008 that is Layer 2 only and is for use
i n Audi o/ Video Bridged LANs as described in | EEE 802. 1BA- 2011
[ 1 EEE802. 1BA-2011] .

Each | EEE 1588 clock is identified by a 64-bit Extended Uni que
Identifier (EU -64) called a "Oockldentity". A slave clock using
one of the | EEE 1588 fam |y of network time protocols acquires the

O ockldentity of the grandmaster clock that is the ultimte source of
timng information for the network. A boundary clock, which is
itself slaved to another boundary cl ock, or the grandnmaster passes
the grandmaster O ockldentity through to its sl aves.

Several instances of the | EEE 1588 protocol nmay operate independently
on a single network, formng distinct PTP domai ns, each of which may
have a different grandmaster clock. As the |EEE 1588 standards have
evol ved, the definition of PTP domains has changed. |EEE 1588-2002
identifies protocol subdomains by a textual nane, but | EEE 1588-2008
i dentifies protocol domains using a nuneric domain nunber. 802.1AS is
a Layer 2 profile of | EEE 1588-2008 supporting a single nuneric clock
domain (0).

When PTP donmmins are signalled via SDP, senders and receivers SHOULD
check that both grandnaster Cl ockldentity and the PTP domain match
when det erm ni ng cl ock equi val ence.

Two or nore | EEE 1588 cl ocks MAY be listed at the sanme level in the
session description to indicate that all of the listed clocks are
candi dat e grandmaster clocks for the dormain or deliver the sane
reference tine and nay be used interchangeably. RTP senders and
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receivers are assured proper synchroni sation regardl ess of which
synchroni sati on source they choose and, in support of fault
tol erance, may switch the reference clock source while streaning

The PTP protocols enploy a distributed election protocol called the
"Best Master Cock Algorithn (BMCA) to determne the active clock
master. The clock master choices available to BMCA can be restricted
or biased by configuration paraneters to influence the election
process. In sone systens, it may be desirable to linit the nunber of
possi bl e PTP cl ock nmasters to avoid the need to re-signal tinmestanp
ref erence cl ock sources when the cl ock master changes.

4.4. ldentifying dobal Reference C ocks

G obal reference clocks provide a source of traceable tinme, typically
via a hardware radio receiver interface. Exanples include GPS,
Galileo, and GLONASS. Apart fromthe nane of the reference clock
system no further identification is required.

4.5. Private Reference d ocks

In other systems, all RTP senders and receivers nmay use a tinestanp
reference clock that is not provided by one of the nmethods |listed
above. Exanples nay include the reference tine information provided
by digital television or cellular services. These sources are
identified as "private" reference clocks. Al RTP senders and
receivers in a session using a private reference clock are assuned to
have a nechani smoutside this specification for detern ning whether
their tinmestanp reference clocks are equival ent.

4.6. Local Reference d ocks

[ RFC3550] allows senders and receivers to either use a |oca
wal I cl ock reference for their NTP tinmestanps or, by setting the
timestanp field to 0, supply no tinmestanps at all. Both are conmobn
practice in enbedded RTP i npl enentations. These cl ocks are
identified as "local" and can, at best, be assunmed to be equival ent
to clocks originating fromthe same device

4.7. Traceable Reference O ocks

A timestanp reference clock source may be | abelled "traceable"” if it
is known to be delivering traceable tinme, provided adjustnents are
made for differing epochs, tinmezones, and | eap seconds. Ti nestanps
taken using clocks synchronised to a traceable tine source can be
directly conpared even if the clocks are synchronised to different
sources or via different nechanisns.
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Marking a clock as traceable allows additional information (e.g., IP
addresses, PTP master identifiers, and the like) to be onitted from
the SDP since any traceable clock avail able at the answerer is
considered to be an appropriate timestanp reference clock. For
exanpl e, an offerer could specify ts-refclk:ntp=/traceable/ and the
answerer could use GPS as a reference clock since GPS is a source of
traceable tine.

4.8. SDP Signalling of Timestanp Reference C ock Source

Specification of the timestanp reference clock source may be at any
or all levels (session, nmedia, or source) of an SDP description (see
level definitions in Section 3 earlier in this docunent for nore

i nformation).

Ti mestanp reference clock source signalling included at the session

| evel provides default paraneters for all RTP sessions and sources in
the session description. Mre specific signalling included at the
medi a | evel overrides session-level signalling. Mre specific
signalling included at the source | evel overrides nedia-leve
signal li ng.

If tinestanp reference clock source signalling is included anywhere
in an SDP description, it nust be properly defined for all levels in
the description. This may sinply be achieved by providi ng default
signalling at the session |evel

Ti mestanp reference clock paraneters may be repeated at a given |l eve
(i.e., for a session or source) to provide information about

addi tional servers or clock sources. |If the attribute is repeated at
a given level, all clocks described at that | evel are assunmed to be
equi valent. Traceable tine sources MJST NOT be m xed w th non-
traceable time sources at any given |evel

Note that clock source parameters may change fromtine to tine, for
exanple, as a result of a PTP grandnmaster election. SIP [RFC3261]
supports the re-signalling of updated SDP i nfornmati on; however, other
protocols nay require additional notification nechanisns.

Ceneral fornms of usage

session |level: a=ts-refclk:<clksrc>
nedia |l evel: a=ts-refclk:<cl ksrc>
source level: a=ssrc:<ssrc-id> ts-refclk: <cl ksrc>
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ABNF [ RFC5234] grammar for the tinmestanp reference clock attribute:

; external references:

POS-DIG T = <See RFC 4566>
t oken = <See RFC 4566>
byte-string = <See RFC 4566>
DAT = <See RFC 5234>
HEXDI G = <See RFC 5234>
CRLF = <See RFC 5234>
host port = <See RFC 3261, with revisions from RFC 5954>

tinmestanp-refclk = "ts-refclk:" clksrc CRLF

clksrc = ntp / ptp/ gps / gal / glonass / local / private /
cl ksrc-ext

cl ksrc-ext
cl ksrc- param nane
cl ksrc-param val ue

cl ksrc-param name cl ksrc-param val ue
t oken
["=" byte-string ]

ntp
nt p- server - addr

"nt p=" ntp-server-addr
hostport / "/traceabl e/"

"pt p=" ptp-version
"| EEE1588- 2002"

"| EEE1588- 2008"

"| EEE802. 1AS- 2011"
pt p- ver si on- ext

t oken

ptp _
pt p- ver si on

pt p- server

=== 1u1nu

pt p- ver si on- ext

pt p- server = ptp-gnid [":" ptp-donmain]
/ "traceabl e"
pt p-gni d = EUI 64
pt p- domai n = pt p- domrai n-nane / ptp-domai n- nbr

; PTP donmain allowed characters: 0x21-0x7E (| EEE 1588-2002)
pt p- donai n- name "domai n- name=" 1*16pt p- donai n- char
pt p- dorai n- char W 21- 7E

; PTP domai n all owed nunber range: 0-127 (1 EEE 1588-2008)
pt p- donai n- nnbr "domai n- nnbr =" pt p- donai n-dgts
pt p- donmi n-dgt s pt p- donai n-nl / ptp-domai n-n2 / ptp-donmai n-n3

pt p- donai n-nl =DAT ; 0-9

pt p- domai n- n2 = POS-DAT DAT ; 10-99

pt p-domai n-n3 = ("10"/"11") DIA T ; 100-119
/ "12" 9%30- 37 ; 120-127

gps = gps

Willianms, et al. St andards Track [ Page 10]



RFC 7273 RTP O ock Source Signalling June 2014

gal = "gal"

glonass = "glonass"

| ocal = "local"

private = "private" [ ":traceable" ]

EU 64 = 7(2HEXDI G "-") 2HEXDI G
Figure 1: Tinmestanp Reference O ock Source Signalling
4.8.1. Exanples

Fi gure 2 shows an exanple SDP description with a tinestanp reference
cl ock source defined at the session |evel

v=0

0=j doe 2890844526 2890842807 IN IP4 192.0.2.1
s=SDP Semi nar

i =A Semi nar on the session description protoco
u=htt p:// ww. exanpl e. coni semi nar s/ sdp. pdf

e=j . doe@xanpl e. com (Jane Doe)

c=IN | P4 233.252.0.1/64

t =2873397496 2873404696

a=recvonly

a=ts-refcl k: ntp=/traceabl e/

mFaudi o 49170 RTP/ AVP 0

mevi deo 51372 RTP/ AVP 99

a=rtpmap: 99 h263- 1998/ 90000

Figure 2: Tinmestanp Reference Cock Definition at the Session Leve
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Fi gure 3 shows an exanpl e SDP description with tinestanp reference
clock definitions at the nedia |l evel overriding the session-Ileve
defaul ts.

v=0

0=j doe 2890844526 2890842807 IN I P4 192.0.2.1
s=SDP Semi nar

i =A Seminar on the session description protoco
u=htt p: // waww. exanpl e. conl seni nar s/ sdp. pdf

e=j . doe@xanpl e. com (Jane Doe)

c=I N | P4 233.252.0.1/64

t =2873397496 2873404696

a=recvonly

a=ts-refclk:loca

mraudi o 49170 RTP/ AVP O

a=t s-refcl k: nt p=203. 0. 113. 10

a=t s-refcl k: nt p=198. 51. 100. 22

nrvi deo 51372 RTP/ AVP 99

a=rtpmap: 99 h263- 1998/ 90000

a=t s-refcl k: pt p=I EEE802. 1AS- 2011: 39- A7- 94- FF- FE- 07- CB- DO

Figure 3: Tinmestanp Reference Cock Definition at the Media Leve

Fi gure 4 shows an exanple SDP description with a tinestanp reference
clock definition at the source |level overriding the session-Ileve
defaul t.

v=0

0=j doe 2890844526 2890842807 IN IP4 192.0.2.1
s=SDP Semi nar

i =A Semi nar on the session description protoco
u=htt p: // ww. exanpl e. conl sem nar s/ sdp. pdf

e=j . doe@xanpl e. com (Jane Doe)

c=IN | P4 233.252.0.1/64

t =2873397496 2873404696

a=recvonly

a=ts-refclk:loca

mFaudi 0 49170 RTP/ AVP 0O

nevi deo 51372 RTP/ AVP 99

a=rtpmap: 99 h263- 1998/ 90000

a=ssrc: 12345 ts-refcl k: pt p=I EEEB02. 1AS-2011: 39- A7- 94- FF- FE- 07- CB- DO

Figure 4: Tinmestanp Reference Cock Signalling at the Source Leve
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5. Media Cock Source Signalling

The media clock source for a streamdeternmines the tinebase used to
advance the RTP tinmestanps included in RTP packets. The nedia clock
may be asynchronously generated by the sender, it may be generated in
fixed relationship to the reference clock, or it nmay be generated
with respect to another streamon the network (which is presunably
bei ng received by the sender).

5.1. Asynchronously Cenerated Media O ock

In the sinplest sender inplenentation, the sender generates nedia by
sanpl i ng audi o or video according to a free-running local clock. The
RTP ti mestanps in nedia packets are advanced according to this nedia
cl ock, and packet transmi ssion is typically tined to regul ar
intervals on this tineline. The sender may or may not include an NTP
timestanp in sender reports to all ow mappi ng of this asynchronous
nmedia clock to a reference cl ock.

The asynchronously generated nedia clock is the assumed node of
operation when there is no signalling of the media clock source.
Alternatively, an asynchronous nedia clock may be explicitly

si gnal | ed.

a=nedi acl k: sender
5.2. Direct-Referenced Medi a d ock

A nmedia clock may be directly derived froma reference clock. For
this case, it is required that a reference clock be specified with an
a=ts-refclk attribute (Section 4.8).

The signalling optionally indicates a nedia clock offset value. The
of fset indicates the RTP tinestanp value at the epoch (time of
origin) of the reference clock. To use the offset, inplenmentations
need to conpute RTP tinmestanps fromreference clocks. To sinplify
these cal cul ations, streans utilizing offset signalling SHOULD use a
TAl tinestanp reference clock to avoid conplications introduced by

| eap seconds. See [RFC7164] for further discussion of |eap-second
issues in tinestanp reference cl ocks.

To conpute the RTP tinestanp against an | EEE 1588 (TAl - based)
reference, the tine el apsed between the 00:00: 00 1 January 1970 | EEE
1588 epoch and the current tinme nust be conputed. Between the epoch
and 1 January 2013, there were 15,706 days (including extra days
during leap years). Since there are no | eap seconds in a TAl
reference, there are exactly 86,400 seconds during each of these days
or a total of 1,356,998,400 seconds fromthe epoch to 00:00:00 1
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January 2013. A 90 kHz RTP clock for a video stream would have
advanced 122, 129, 856, 000, 000 units over this period. Wth a
signall ed offset of 0, the RTP clock val ue nodul o the 32-bit unsigned
RTP timestanp representation in the RTP header woul d have been

2,460, 938, 240 at 00:00: 00 1 January 2013. |If an offset of 23,465 had
been signalled, the clock value would have been 2,460, 961, 705.

In order to use an NTP reference, the actual tine el apsed between the
00: 00: 00 1 January 1900 NTP epoch to the current time nust be
comput ed. 2, 208, 988, 800 seconds el apsed between the NTP epoch and

00: 00: 00 1 January 1970 [ RFC0868]. Between the begi nning of 1970 and
2013, there were 15,706 days el apsed (including extra days during

| eap years) and 25 |l eap seconds inserted. There is, therefore, a
total of 3,565,987,225 seconds fromthe NTP epoch to 00:00:00 1
January 2013. A 90 kHz RTP cl ock for a video stream woul d have
advanced 320, 938, 850, 250, 000 units over this period. Wth a
signalled offset of 0, the RTP cl ock value nodul o the 32-bit unsigned
representati on woul d have been 1, 714,023,696 at 00:00: 00 1 January
2013.

If no offset is signalled, the offset can be inferred at the receiver
by exam ni ng RTCP sender reports that contain NTP and RTP tinestanps,
whi ch conbi ned define a mapping. The NTP/RTP tinmestanp mappi ng

provi ded by RTCP sender reports (SRs) takes precedence over that
signal l ed through SDP; however, the nmedia clock rate inplied by the
SRs MJST be consistent with the rate signall ed.

A rate nodifier my be specified. The nodifier is expressed as the
ratio of two integers and nodifies the rate specified or inplied by
the nmedia description by this ratio. |If omtted, the rate is assuned
to be the exact rate specified or inplied by the nedia fornmat. For
exanple, without a rate specification, the RTP clock for an 8 kHz

G 711 audio streamwi |l advance exactly 8000 units for each second
advance in the reference clock fromwhich it is derived

The rate nodifier is primarily useful for accommodating certain
"oddbal I " audi o sanple rates associated with NTSC video (see

Figure 7). Mdified rates are not advised for video streans that
generally use a 90 kHz RTP cl ock regardl ess of frane rate or sanple
rate used for enbedded audi o.

a=nedi acl k: di rect[ =<of fset>] [rate=<rate nunerator>/<rate
denomi nat or >]
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5.3. Stream Referenced Medi a O ock

A common synchroni sation architecture for audio/visual systens

i nvol ves distributing a reference nmedia clock froma nmaster device to
a nunber of slave devices, typically by neans of a cable. Exanples

i ncl ude audi o word cl ock distribution and video bl ack burst
distribution. 1In this case, the nedia clock is locally generated,
often by a crystal oscillator, and is not |ocked to a timestanp
reference cl ock.

To support this architecture across a network, a master clock
identifier is associated with an RTP nedia streamcarryi ng nedi a
clock timng information froma master device. The nmaster clock
identifier represents a nedia clock source in the master device.
Sl ave devices in turn associate the master nedia clock identifier
with streans they transmt, signalling the synchronisation

rel ati onship between the master and the transmitter’s nedia cl ock

Sl ave devices recover nedia clock timng fromthe clock naster
stream using it to synchronise the slave’'s nedia clock with the
master. |If a common reference clock is available, NTP tinmestanps in
the master clock RTP nedia stream are taken using the shared
reference clock. The NTP tinestanps conmuni cate infornmation about
medi a clock timng (rate and phase) fromthe naster to the slave
devices. NTP tinestanps are communi cated in the usual RTP fashion
via RTCP SRs, or via the [RFC6051] header extension. |f no shared
reference clock is available or signalled, a slave can synchronise to
the master’s media cl ock using RTP tinestanps al one as described in
Section 5.1 of [RFC3550].

Note that the slaving of a device nedia clock to a master device does
not affect RTP inter-media synchronisation. Tine-aligned playout of
two or nore RTP sources still relies upon NTP tinmestanps supplied via
RTCP SRs or by the RFC 6051 tinmestanp header extension

In a given system nmaster clock identifiers nust uniquely identify a
single nedia clock source. Such identifiers MAY be manual ly
configured; however, identifiers SHOULD be generated according to the
"short-term persistent RTCP CNAME" al gorithm as described in

[ RFC7022]. WMaster clock identifiers not already in base64 format
MUST be encoded as base64 strings when used in SDP. Although the
CNAME algorithmis used to generate the master clock identifier, it
is used to tag RTP sources in SDP descriptions and does not appear in
RTCP as a CNAME

A reference stream can be an RTP stream or an Audi o Video Bridgi ng
(AVB) stream based on the [| EEE1722] standard.
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An RTP cl ock master stream SHOULD be identified at the source |eve
by an SSRC [ RFC5576] and master clock identifier. An RTP streamthat
provides nedia clock timng directly froma reference nedia clock

(e.g., internal crystal, audio word clock, or video black burst
signal) SHOULD tag the stream as a naster clock source using the
"src:" prefix. |If master clock identifiers are declared at the nedia

or session level, all RTP sources at or below the |evel of
decl aration MJST provide equivalent timng to a slave receiver

a=ssrc: <ssrc> nedi acl k: i d=src: <nmedi a- cl kt ag> sender
a=nedi acl k: i d=src: <nedi a- cl kt ag> sender

Atransmtted RTP stream slaved to the nedia clock naster is
signalled by including a naster clock identifier:

a=nedi acl k: i d=<nedi a- cl kt ag> sender

An RTP nedi a sender indicates that it is slaved to an | EEE 1722 cl ock
master via a streamidentifier (an EU -64):

a=nedi acl k: | EEE1722=<St r eam D>
An RTP nedi a sender nmay gateway | EEE 1722 nedia clock tinmng to RTP
a=nedi acl k: i d=src: <nedi a- cl kt ag> | EEE1722=<St r eanl D>
5.4. SDP Signalling of Media Cl ock Source

Specification of the nedia clock source may be at any or all |evels
(session, nedia, or source) of an SDP description (see |leve
definitions (Section 3) earlier in this document for nore

i nformation).

Medi a cl ock source signalling included at session |evel provides
default paraneters for all RTP sessions and sources in the session
description. Mre specific signalling included at the nedia | eve
overrides session-level signalling. Further, source-level signalling
overrides media clock source signalling at the enclosing nedia |l eve
and session | evel

Medi a cl ock source signalling nay be present or absent on a per-
stream basis. In the absence of nedia clock source signals,
recei vers assume an asynchronous nedia cl ock generated by the sender

Medi a cl ock source paraneters nmay be repeated at a given level (i.e.

for a session or source) to provide information about additiona
clock sources. |If the attribute is repeated at a given |evel, al

Willianms, et al. St andards Track [ Page 16]



RFC 7273 RTP O ock Source Signalling June 2014

cl ocks described at that |evel are conparable clock sources and nay
be used interchangeably.

CGeneral fornms of usage

session | evel: a=nedi acl k: <nedi acl ock>
nedi a | evel : a=nedi acl k: <nedi acl ock>
source level: a=ssrc:<ssrc-id> nediacl k: <nedi acl ock>

ABNF [ RFC5234] grammar for the nmedia clock reference attribute:

;. external references:

i nt eger = <See RFC 4566>
t oken = <See RFC 4566>
byte-string = <See RFC 4566>
base64 = <See RFC 4566>
SP = <See RFC 5234>
DAT = <See RFC 5234>
HEXDI G = <See RFC 5234>

medi a- cl ksrc "medi acl k: " [medi a-cl kid SP] nedi acl ock

nmedi a- cl ki d
medi a- cl kt ag

"id=" [ "src:" ] nedia-clktag
base64

sender / direct / ieeel722-stream d / nedi acl ock- ext

nmedi acl ock

medi acl ock- ext medi acl ock- par am nane nedi acl ock- param val ue

medi acl ock- param nane = token

nmedi acl ock- paramvalue = [ "=" byte-string ]
sender = "sender"

direct = "direct” [ "=" 1*DIG@ T ] [SP rate]
rate = "rate=" integer "/" integer

i eeel722-strean d "| EEE1722=" avb-streamid
avb-streamid EUI 64
EU 64 = 7(2HEXDI G "-") 2HEXDI G

Figure 5: Media C ock Source Signalling
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5.5. Exanpl es

Fi gure 6 shows an exanpl e SDP description -- 8 channels of 24-bit, 48
kHz audio transnmitted as a nmulticast stream Media clock is derived
directly froman | EEE 1588-2008 reference.

v=0

o=- 1311738121 1311738121 INIP4 192.0.2.1

c=IN | P4 233.252.0.1/64

S=

t=0 0

mraudi o 5004 RTP/ AVP 96

a=rtpnmap: 96 L24/48000/ 8

a=sendonly

a=t s-refcl k: pt p=I EEE1588- 2008: 39- A7- 94- FF- FE- 07- CB-DO: 0
a=nedi acl k: di rect =963214424

Figure 6: Media Clock Directly Referenced to | EEE 1588-2008

Figure 7 shows an exanpl e SDP description -- 2 channels of 24-bit,
44056 kHz NTSC "pul | -down" nmnedia clock derived directly froman | EEE
1588- 2008 reference cl ock.

v=0

o=- 1311738121 1311738121 IN IP4 192.0.2.1

c=IN 1 P4 233.252.0.1/64

S=

t=0 0

mraudi o 5004 RTP/ AVP 96

a=rtpnmap: 96 L24/44100/ 2

a=sendonl y

a=t s-refcl k: pt p=I EEE1588- 2008: 39- A7- 94- FF- FE- 07- CB- D0: 0
a=medi acl k: di rect =963214424 rat e=1000/ 1001

Figure 7: "Oddball" Sanple Rate Directly Referenced to | EEE 1588-2008
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Fi gure 8 shows the sane 48 kHz audio transnission fromFigure 6 with
medi a cl ock derived from another RTP stream

v=0

o=- 1311738121 1311738121 IN IP4 192.0.2.1

c=IN | P4 233.252.0.1/64

S=

t=0 0

mraudi o 5004 RTP/ AVP 96

a=rtpmap: 96 L24/48000/ 2

a=sendonl y

a=t s-refcl k: pt p=I EEE1588- 2008: 39- A7- 94- FF- FE- 07- CB-DO: O
a=nedi acl k: i d=MDA6N A6Mrl 6M A6MTII 6MAY= sender

Figure 8 RTP Streamwith Media O ock Slaved to a Master

Figure 9 shows the sane 48 kHz audio transmission fromFigure 6 with
nmedi a cl ock derived froman | EEE 1722 AVB stream

v=0

o=- 1311738121 1311738121 IN IP4 192.0.2.1

c=I N | P4 233.252.0.1/64

S=

t=0 0

mraudi o 5004 RTP/ AVP 96

a=rtpmap: 96 L24/48000/ 2

a=sendonly

a=t s-refcl k: pt p=I EEE1588- 2008: 39- A7- 94- FF- FE- 07- CB-DO: 0
a=nedi acl k: | EEE1722=38- D6- 6D 8E- D2- 78- 13- 2F

Figure 9: RTP Streamwi th Media Clock Slaved to an
| EEE 1722 Master Device

6. Signalling Considerations

Signalling of timestanp reference clock source (Section 4.8) and
medi a cl ock source (Section 5.4) is defined to be used either by
applications that inplement the SDP O fer/Answer nodel [RFC3264] or
by applications that use SDP to describe nedia and transport
configurations.

A description SHOULD i nclude both reference clock signalling and

medi a clock signalling. |If no reference clock is available, this
SHOULD be signalled as a |l ocal reference (Section 4.6).
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When no nedia clock signalling is present, an asynchronous nedi a
clock (Section 5.1) MJST be assuned. Wen no reference clock
signalling is present, a local reference clock (Section 4.6) MJST be
assuned.

If a reference clock is not signalled or a local reference is
specified, the corresponding nedia clock nay be established as rate
synchroni sed with no assurance of time synchronisation

When the description signals a direct-referenced nedia cl ock
(Section 5.2), reference clock signalling is REQU RED. Asynchronous
and streamreferenced nedia clocks (Section 5.3) MAY be specified
with or without a reference clock signalling.

6.1. Usage in Ofer/Answer

During offer/answer, clock source signalling via SDP uses a

decl arative nodel. Supported nedia and/or reference cl ocks are
specified in the offered SDP description. The answerer nay accept or
reject the offer in an application-specific way depending on the
clocks that are available and the clocks that are offered. For
exanpl e, an answerer may choose to accept an offer that |acks a
common cl ock by falling back to a | ower-performance node of operation
(e.g., by assuming reference or nedia clocks are local rather than
shared). Conversely, the answerer nay choose to reject the offer
when the offered clock specifications indicate that the avail abl e

ref erence and/or nedia clocks are inconpatible.

VWi | e negotiation of reference clock and nmedia clock attributes is
not defined in this docunent, negotiation MAY be acconplished using
the capabilities negotiation procedures defined in [ RFC5939].

6.1.1. Indicating Support for O ock Source Signalling

An offerer or answerer indicates support for nedia clock signalling
by including a reference or nedia clock specification in the SDP
description. An offerer or answerer without specific reference or
medi a cl ocks to signal SHOULD i ndicate support for clock source
signalling by including a | ocal reference clock (Section 4.6)
specification in the SDP description

6.1.2. Timestanp Reference C ock

If one or nore of the reference clocks specified in the offer are
usabl e by the answerer, the answerer SHOULD respond with an answer
contai ni ng the subset of reference clock specifications in the offer
that are usable by the answerer. |[If the answerer rejects the offer
because the avail able reference clocks are inconpatible, the
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rejection MIUST contain at | east one tinestanp reference clock
specification usable by the answerer so that appropriate information
is available for diagnostics. |If no external reference clock is
avail able to the answerer, a local reference clock (Section 4.6)
speci fication SHOULD be included in the rejection.

In both offers and answers, multiple reference clock specifications
i ndi cate equi val ent clocks fromdifferent sources that may be used
i nterchangeably. RTP senders and receivers are assured proper
synchroni sation regardl ess of which of the specified sources is
chosen and, in support of fault tolerance, may switch cl ock sources
whil e streani ng

6.1.3. Media dock

If the media clock node specified in the offer is acceptable to the
answerer, the answerer SHOULD respond with an answer containing the
sanme nedia clock specification as the offer. |If the answerer rejects
the of fer because the avail able reference clocks are inconpati bl e,
the rejection MIUST contain a nedia clock specification supported by
the answerer so that appropriate information is available for

di agnostics. |If no shared nedia clocks are available to the
answerer, an asynchronous media clock (Section 5.1) specification
SHOULD be included in the rejection.

6.2. Usage Qutside of O fer/Answer

SDP can be enpl oyed outside of the offer/answer context, for

instance, for nultinmedi a sessions that are announced through the
Sessi on Announcenent Protocol (SAP) [RFC2974] or streamed through the
Real Tinme Stream ng Protocol (RTSP) [ RFC2326].

Devi ces using published descriptions to join sessions SHOULD assess
their synchronisation conpatibility with the described session based
on the clock source signalling and SHOULD NOT attenpt to join a
session with inconpatible reference or nedia cl ocks.

7. Security Considerations

Entities receiving and acting upon an SDP nessage should note that a
session description cannot be trusted unless it has been obtained by
an authenticated transport protocol froma known and trusted source.
Many different transport protocols nmay be used to distribute a
session description, and the nature of the authentication will differ
fromtransport to transport. For sone transports, security features
are often not deployed. 1In case a session description has not been
obtained in a trusted nanner, the endpoint should exercise care
because, anong other attacks, the nmedi a sessions received nmay not be
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the intended ones, the destination where nedia is sent to may not be
t he expected one, and any of the paraneters of the session nmay be
i ncorrect.

Incorrect reference or nedia clock paraneters nmay cause devices or
streans to synchronise to unintended clock sources. Nornally, this
simply results in failure to establish a session or failure to
synchroni se once connected. Enough devices fraudulently assigned to
a specific clock source (e.g., a particular |IEEE 1588 grandnaster)
may, however, constitute a successful denial-of-service attack on
that source. Devices MAY wish to validate the integrity of the clock
description through sone neans before connecting to unfaniliar clock
sour ces.

The tinestanp reference cl ocks negotiated by this protocol are used
to provide nedia tinming information to RTP. Negotiated tinestanp
ref erence cl ocks should not be relied upon to provide a secure tine
reference for security critical operations (e.g., the expiration of
public key certificates).

8. | ANA Consi derations

Thi s docunent defines two new SDP attributes: "ts-refcl k" and
"medi acl k", within the existing Internet Assigned Nunbers Authority
(I ANA) registry of SDP Paraneters.

Thi s docunent al so defines a new | ANA registry subordinate to the

| ANA SDP Paraneters registry: the Media O ock Source Paraneters
registry. Wthin this new registry, this docunent defines an initial
set of three nedia clock source paraneters. Further, this docunent
defines a second new | ANA regi stry subordinate to the | ANA SDP
Paraneters registry: the Tinmestanp Reference C ock Source Paraneters
registry. Wthin this newregistry, this document defines an initial
si X paraneters.
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8.1. Reference O ock SDP Par aneter

The SDP attribute "ts-refcl k" defined by this docunent is registered
with the 1 ANA registry of SDP Paraneters as foll ows:

SDP Attributes ( "att-field (both session and nedia level)" &
"att-field (source level)" ):

Attribute nane: ts-refclk
Long form Ti mestanp reference cl ock source
Type of nane: att-field

Type of attribute: Session, nedia, and source |eve

Subj ect to charset: No

Pur pose: See Section 4 of this docunent
Ref erence: Thi s docunent
Val ues: See Section 8.3 of this docunent

Fi gure 10: Reference C ock SDP Paraneter | ANA Registration
The attribute has an extensible paraneter field; therefore, a

registry for these paraneters is required. This new registry is
defined in Section 8.3.
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8.2. Media dock SDP Paraneter

The SDP attribute "nediacl k" defined by this docunment is registered
with the 1 ANA registry of SDP Paraneters as foll ows:

SDP Attributes ( "att-field (both session and nedia level)" &
"att-field (source level)" ):

Attribute nane: nmedi acl k
Long form Medi a cl ock source
Type of nane: att-field

Type of attribute: Session, nedia, and source |eve

Subj ect to charset: No

Pur pose: See Section 5 of this docunent
Ref erence: Thi s docunent
Val ues: See Section 8.4 of this docunent

Figure 11: Media O ock SDP Paraneter | ANA Registration
The attribute has an extensible paraneter field; therefore, a
registry for these paraneters is required. The newregistry is
defined in Section 8.4.

8.3. Tinestanp Reference O ock Source Paraneters Registry

Thi s docunent creates a new | ANA subregistry called the Tinestanp
Ref erence O ock Source Parameters registry, subordinate to the | ANA
SDP Paraneters registry. Each entry in the Tinmestanp Reference C ock
Source Paraneters registry contains:
Nane: Token used in the SDP description (clksrc-param nane)
Long name: Descriptive nane for the tinestanp reference clock source
Ref erence: Reference to the docunent describing the

SDP t oken (cl ksrc-param nane) and syntax for the optiona
val ue associated with the token (nedi acl ock-param val ue)
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Initial values for the Tinestanp Reference O ock Source Paraneters
registry are given bel ow.

Future assignnents are to be nade through the Specification Required
policy [ RFC5226]. The Nane field in the table corresponds to a new

val ue corresponding to cl ksrc-param nane. The Reference nust specify
a syntax corresponding to cl ksrc-param val ue.

[ TS o o m e e e e e e +
| Narne | Long Name | Reference |
Fomm e e o o e e e e e e e m e e e e T +
| ntp | Network Tine Protocol | This document, Section 4 |
| | | |
| ptp | Precision Tinme Protocol | This docunent, Section 4 |
| | | |
| gps | dobal Positioning System | This docunent, Section 4 |
| | | |
| gal | Galileo | This document, Section 4 |
| | | |
| glonass | dobal Navigation Satellite | This docunent, Section 4 |
| | System | |
| | | |
| local | Local C ock | This docunent, Section 4 |
| | | |
| private | Private O ock | This docunent, Section 4 |
[ TS T o e e e e e e e +

8.4. Media Cock Source Paraneters Registry

This docunent creates a new | ANA subregistry called the Media O ock
Source Paraneters registry, subordinate to the | ANA SDP Paraneters
registry. Each entry in the Media O ock Source Paraneters registry
cont ai ns:
Nane: Token used in the SDP description (nedi acl ock-param nane)
Long nanme: Descriptive nane for the nmedia cl ock source type
Ref erence: Reference to the docunent describing the SDP token

(medi acl ock- param nane) and syntax for the optional

val ue associated with the token (nedi acl ock-param val ue)

Initial values for the Media C ock Source Paraneters registry are
gi ven bel ow.
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Future assignnents are to be nade through the Specification Required
policy [RFC5226]. The Nanme field in the table corresponds to a new
val ue correspondi ng to mnedi acl ock- param nane. The Reference nust
specify a syntax correspondi ng to nedi acl ock- param val ue.

Fomm e - o e e e e e e e e e e e e o e e e e e e e e e e oo +
| Nare | Long Name | Reference |
[ T o m e e e e e e aaa - o e e e e e e e +
| sender | Asynchronously Cenerated | This docunent, Section 5 |
| | Media dock | |
| | | |
| direct | Direct-Referenced Media | This document, Section 5 |
| | Cdock | |
| | | |
| EEE1722 | | EEE1722 Media Stream | This docunent, Section 5 |
| | Identifier | |
Fom e e - o e e e e e e e e e e - T +

8.5. Source-Level Attributes

[ RFC5576] requires new source-level attributes to be registered with
the 1ANA registry named "att-field (source level)".

8.5.1. Source-Level Tinestanp Reference Clock Attribute
The source-level SDP attribute "ts-refclk" defined by this docunent
is registered with the "att-field (source level)" | ANA registry of
SDP Paraneters, according to Figure 10.

8.5.2. Source-Level Media Clock Attribute
The source-level SDP attribute "nediacl k" defined by this docunent is
registered with the "att-field (source level)" I ANA registry of SDP
Paraneters, according to Figure 11.
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