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1

I nt roducti on

Transporting nmedia content over nulticast is known to be very
effective for saving network resources (bandwi dth). Milticast is used
by Internet service providers for providing |PTV services. |PTV
technol ogy relies essentially on MPEG Transport Stream ( MPEG TS)
format, UDP transport, and IP multicast, whereas the HITP adaptive
bit-rate stream ng (HAS), a unicast "Over The Top" technology relies
on HITP / TCP, new contai ner formats such as MP4/ CMAF, and signaling
protocol s such as Apple HLS and MPEG DASH. Wth the generalization of
HAS streanming there is a need to operate an | PTV service in
association with HAS stream ng technol ogy for unifying the two
ecosystems. MSYNC al |l ows transporting HTTP based ABR fl ows over

mul ticast relying on | P/UDP and optionally RTP that makes it suited
for transitioning IPTV | egacy (MPE&Q TS) to the HAS ecosystem
Various | PTV infrastructures (xDSL, cable, fiber) and broadcast

net wor ks have experinented with, and depl oyed this protocol

MSYNC i s deployable within a controlled environment wherein nulticast
distribution relies on a pre-arranged capacity pl anni ng.

1.1 Term nol ogy

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119].

1.2 Definitions

ABR: Adaptive Bit Rate streaming is a nmethod that consist of changing
the medi a encoding bit-rate function of the network condition

HTTP/ 1.1 CTE: Chunked Transfer Encoding. A nethod for object delivery
over HTTPl.1 of unknown size. See Section 7.1 of [RFC9112]

HTTP Adaptive Stream ng (HAS) protocol: an ABR nethod based on HITP
and signaling procedures described in [ MPEGDASH and in
[ RFC8216] .

HTTP Adaptive Stream ng (HAS) session: Transport one or nore nedi a
streans (e.g., one video, two audios, One subtitle) according to
HTTP. A HAS session is triggered by a player initially
downl oading a manifest file, then an init segnent and/or media
segnments bel onging to possibly different sub-streans according
to the selected representation and possibly nore manifest files
according to the HAS protocol

Bal e et aL. Expi res Novenber 29, 2026 [ Page 4]



I nternet-Draft MBYNC May 28, 2026

init segment: A part of a media sub-streamused to initialize the
decoder as specified in [ MPEGCVAF] .

mani fest: A file containing the configuration for conducting a
stream ng session; corresponds to a play list as defined by HLS
[ RFC8216]. During a HAS stream ng session, a manifest or
playlist can be nodified.

media: A digitalized piece of video, audio, subtitle, inmage, etc.

medi a stream The aggregate of one or nore nedia sub-streans. This
shoul d not be confused with the RTP nedia stream

medi a sub-stream A version of a media encoded in a particular bit-
rate, format and resolution; also called representation or
variant stream A nedia sub-stream corresponds to the RTP nedia
stream

medi a segnent: A part of a media sub-streamof a fixed duration
(e.g., 2s) as specified in [ MPEGCVAF] .

medi a chunk: A part of a nedia segnent of a fixed duration as
specified i n [ MPEGCVAF] .

MSYNC obj ect: An MSYSNC obj ect can be an addressable HAS entity like
an initialization segment, a media segnent or chunk, a manifest
or playlist. An MSYNC obj ect can al so be a non-addressabl e
transport entity as an HTTP2 frane or an HITP/ 1.1 CTE bl ock

MSYNC super object. An object conmposed of parts delivered on the fly
when the size of this object to be transnmitted i s unknown in
advance. A super object may correspond to a streamor a nedia
segnment not yet conpletely generated/received and the size of
whi ch is therefore unknown.

MSYNC packet: The transport unit of MSYNC. Several MSYNC packets MAY
be used to transport an MSYNC obj ect.

MSYNC recei ver. The MSYNC end point that recei ves MSYNC objects over
mul ti cast.

MSYNC sender. The MSYNC end point that sends MSYNC obj ects over
mul ti cast according to MSYNC

representation: A media sub-stream as defined by [ MPEGDASH| ;
corresponds to a variant stream as defined by HLS [ RFC8216].

variant stream A nedia sub-stream as defined by HLS [ RFC8216] ;
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corresponds to a representation as defined by [ MPEGDASH .

IP multicast session: A session consisting of transport multicast
sessions having the sane source | P address and destination
mul ti cast | P address.

transport multicast session: Operating a transport protocol that is
based on UDP over IP multicast. A transport multicast session is
identified by the destination transport (UDP) port number, the
source | P address and the I P nmulticast address.

RTP mul ticast session: A transport nulticast session based on RTP as
defined in [ RFC3550].

2. Overview
2.1. A typical MSYNC depl oynent

MSYNC is a protocol typically used between a multicast server that
hosts the MSYNC sender and a nulticast gateway that hosts the MSYNC
receiver. This is depicted in Figure 1. Arrows represent the HAS
session elenents directional flows. The nulticast server acquires HAS
session elements in unicast conformng to a HAS protocol as e.g.,
MPEG DASH [ MPEGDASH] or HLS [ RFC8216] and sends those HAS session

el ements over a multicast network, supporting possibly RTP and UDP/ I P
multicast, to the multicast gateways. A nulticast gateway |istens the
corresponding nmulticast flows and serves the HAS player(s) in unicast
conform ng to the same HAS protocol. MSYNC pernits a sender to serve
simul taneously multiple receivers conformng to one or several HAS
protocols and formats (e.g., assum ng one shared nulticast network,
one sender could serve sone receivers with MPEG DASH conpl i ant

content and other receivers with HLS conpliant content).

The nulticast server is configured (by e.g., the | SP operating the
mul ticast network) in order to acquire HAS content from a Content
Distribution Network (CDN) via a unicast protocol, typically over the
Internet. Considering one ampobng several possible content ingest

met hods (e.g., HITP GET), for each HAS session, the multicast server
behaves as a HAS pl ayer, reading the mani fest, discovering the
avai |l abl e representati ons and downl oadi ng concurrently nmedi a segnents
of all (or a subset) of the avail able representations. The multicast
server is configured for sending all those HAS session el ements over
possi bly RTP and UDP/ 1P multicast according to a certain UDP/IP flow
arrangenment. For exanple, the objects related to each video
representation are sent over a separate transport multicast session
(multicast | P address + port nunber) whereas all audio
representations are sent over the same transport nulticast session
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The Multicast gateway is configured by the sane | SP having confi gured
the multicast server for being aware of the same UDP/IP flow
arrangenment. Depending on this arrangenent and on the HAS pl ayer
request, the Multicast gateway joins the nmulticast |P group
associated with the HAS representation requested by the HAS pl ayer.
Note that the nmulticast gateway m ght not be capable of receiving al
the concurrent transport mnulticast sessions at the sane tine due to
bandwidth Iimtations (e.g., ADSL).

At any time, the nmulticast gateway can detect corrupted and/or | ost
packets and attenpt to repair using a repair protocol. This is
possible with the HAS server interacting with the HAS content
delivery network (CDN) or thanks to RTP when used as the transport
| ayer over UDP (See Section 3.9).

The nulticast gateway receives the MSYNC objects and is ready to
serve them (e.g., acts as a |l ocal cache). \Whenever a HAS request is
sent by a nmedia player and received by the nulticast gateway, the
latter reads first its local cache. In case of hit, it returns the
object. In case of mss, the multicast gateway can retrieve the
requested object fromthe associated CDN (or a dedi cated server) over
a unicast interface through operating HTTP conventionally and
forwards back to the HAS pl ayer the object once retrieved. If no
uni cast interface exists, the nulticast gateway can wait sone tine
for the |local cache to be updated with the el ement requested by the
medi a pl ayer and/or returns an error.

uni cast server mul ti cast server
S + S +
| HAS | ---- unicast --> | HAS |  MSYNC |
| CDN | I nt er net | ingest | sender
+ oaem - + S +
I I
I I
——————————— uni cast ---------- nmul ti cast
I nt er net | |
I I
\Y \%
S SRR + o e e e e e oo oo +
| HAS | <--- unicast --- | HAS |  MSYNC |
| player | Local | server | receiver |
S ST + S +
end- user mul ti cast gat eway
term nal

Figure 1. exanpl e of MSYNC depl oynent
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Section 3.11 discloses a video stream ng workfl ow exanpl e that

i nvol ve MSYNC and application elenents. It clarifies the roles and
operations attached to the MSYNC sender and receiver and those
attached to the application elenents (i.e. HAS ingest and HAS server
respectively).

Wth MSYNC depl oyed over a nulticast network, the HAS pl ayer receives
HAS content in full transparency (i.e. the player is absolutely
unawar e of getting the content through MSYNC or not).

Not e that nothi ng precludes the MSYNC receiver or even the multicast
gateway frombe co-located with the nedia player and therefore
enbedded in the end-user terninal as shown in Figure 2

mul ticast server

S SRR + o e e e e e oo oo +
| HAS | <--- unicast --> | HAS |  MSYNC |
| CDN | I nt er net | ingest | sender
+ o --em - + S +
I I
| |
uni cast mul ti cast
I nt er net |
EEEREEEEE |
I I I
% % |
e + |
| HAS | HAS | MSYNC | <---------------
| player | server |receiver
F e m e e eie i +

end-user term na

Figure 2: MSYNC receiver in the termna

2.2. Unicast Networks

Figure 1 shows a typical MSYNC depl oyment where a HAS pl ayer
interacts with a HAS server in an unicast way over e.g., Internet and
interacts with a nulticast gateway over e.g., a local network
according to the sane HAS protocol. Note that the nulticast gateway
may reside in the | ocal area network (LAN) or upstream in the ISP s
net wor k premni ses

In theory, all interfaces |abeled "unicast” in Figure 1 could be
depl oyed over an Internet network, although practically, the

interface between the end-user term nal and the multicast gateway
corresponds to a broadband access network or a Local area network
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(LAN) controlled by the ISP
2.3. Multicast Network and congestion avoi dance

In this docurment "nulticast network" means a network supporting IP
mul ticast in addition to supporting |IP unicast.

A multicast network is typically provided and controlled by a

br oadband I nternet service Provider follow ng the design principles
depicted in [BFTR145] and [BFTR178]. A multicast network is conposed
with one or several multicast sub-networks interconnected with

mul ticast routers and/or layer 2 bridge/sw tches perforning | GW
snooping (Multicast Listener Discovery in |Pv6) as discussed in

[ RFC4541] allowing to duplicate/forward multicast |IP packets based on
| GW nessaging. In a broadband nulticast infrastructure the nulticast
network interconnects a service end-point (e.g., an | PTV service)
with a broadband gateway | ocated in the end-user prem ses. The | ast
mul ticast sub-network is typically a point-to point circuit/line

bet ween the end-user broadband gateway and the first access network

i nfrastructure aggregation point (e.g., a DSL access nodul e or
DSLAM. It has a rather limted [bandw dth] capacity conparing with
the other multicast sub-networks being part of the | SP's access,
aggregation and core networKks.

The MSYNC sender is connected to the first multicast sub-network
whereas the MSYNC receiver is connected to the last nmulticast sub-
network. A multicast network provides a certain capacity (i.e.,

bandwi dth) attached to the first sub-network (connected to the MSYNC
sender) that may be different fromthe capacity attached to the | ast
sub- network connected to the MSYNC receiver. The data transported
(i.e., HAS session elenents) by MSYNC is not assuned elastic, i.e.,

it SHOULD be ingested at a fixed rate, sharing the concerns expressed
in [ RFC3550], Section 10.

The nul ticast network MJST support pre-provisioning bandw dth
resources. This assunption permts to have the MSYNC sender able to
transmt one HAS session or concurrently several HAS sessions
operating one or nore transport nulticast session up to a certain
maxi mum bandw dt h, said MAX BW SEND. MAX BW SEND corresponds to the
maxi mum guar ant eed bandwi dth dedi cated to MSYNC allowing to transport
the provisioned HAS session(s) across all nulticast sub-networks up
to the last nmulticast sub-network ingress point (e.g., the |ast
router or bridge) before reaching the MSYNC receiver

The MSYNC sender MUST control the sending rate of each HAS nmedi a sub-
stream (and general |y speaking of all MSYNC object to be transmtted)
in such a way the nmaxi mum bandwi dt h MAX BW SEND corresponds to the
fol |l owi ng:
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1. the sumof all individual media sub-streambit-rate conposing
the set of provisioned HAS session(s) and

2. an additional bandw dth reserve for supporting contro
(initialization segnments, manifest file, configuration
i nformation) transni ssion

In addition, the MSYNC sender MJST be configured in such way that the
m ni mum bandw dt h consuned by a HAS session as advertised by a
mani f est (the | east bandw dth consum ng conbi nati on of nedia sub-
streans as e.g., video, audio, subtitling) remains within the
smal | est provi si oned bandwi dth dedicated to MSYNC over the |ast
mul ti cast sub-network (connected to the N MSYNC receivers), said nin
(MAX_BW RECEI VE_1, MAX BW RECEI VE 2, MAX BW RECEI VE_3, ...,

MAX_BW RECEI VE_N). There is one MAX BWRECEI VE restriction per MSYNC
receiver as there mght be up to one different nulticast sub-network
connected to each MSYNC receiver. Wth this approach, any MSYNC

recei ver (whatever the last nulticast sub-network capacity) fed by
the MSYNC sender is ensured to receive at |east one HAS sub-streans
combi nation for each HAS session. The MSYNC sender MAY send a
mani f est and rel ated medi a sub-streans whose conbi nation could result
in a throughput higher than the MAX BW RECElI VE of some MSYNC
receivers

The MSYNC receiver is instructed to join one or nore |P nulticast
sessions up to its maxi mum bandw dth constrai nt ( MAX_BW RECEI VE) t hat
represents the provisioned capacity dedicated to MSYNC over the | ast
mul ticast sub-network it is connected to. As an exanple, the
capacity of the last multicast sub-network can be limted to a few
Mops with ADSL and up to several hundred of Mips with fiber to the
honme (FTTH). |In the case of a broadcast network (e.g., satellite)
the capacity exposed to the MSYNC sender may be equivalent to the
capacity exposed to the MSYNC receiver if the broadcast network is
conposed with only one sub-network

The MSYNC recei ver MUST support | GW version 2 [ RFC2236] or above
versions in order to "join" and "leave" an IP nulticast session,
When source filtering ( Source-Specific Miulticast or SSM is required
the MSYNC receiver MJST support | GWP version 3 [ RFCI9776].

Sendi ng and receiving MBYNC packets over a transport multicast
session is detailed in 3.7.

2.4. Handling third party content
As introduced above, MSYNC is an enabler for allow ng HAS content to

be distributed over a controlled nulticast network. ldeally any
content provider or content delivery network provider on the Internet
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shoul d be able to benefit from MSYNC. Content Distribution Network

I nterconnection (CDNi) is a framework [RFC7336] for a content

provi der or an upstream CDN provider to del egate streaming to a
downstream CDN. Regarding HAS streaming, CDNi is used to inprove the
user experience, allowing the third party content provider to operate
a downstream CDN owned, shared and exposed by an | SP through the Open
caching interfaces specified by the CONi framework. The del egation is
basi cal | y done through request routing where an upstream request
router on the Internet redirects a request to a cache server |ocated
in the | SP network. Advantages and benefits are disclosed in

[ RFC6770] and in particular in Section 2.3 that di scusses the nutual
benefits for the ISP and the content/CDN provider in the context of

vi deo streani ng.

Let’s now assume that the ISP desires to share and open its nulticast
delivery service and infrastructure powered by MSYNC in a simlar
way. This may be conpletely transparent for the content provider
According to the CDNi framework, HAS session request can be del egated
to (i.e., routed) down to the ISP's HAS server hosted by the

mul ticast gateway in figure 1.

In sunmary with the CONi franmework and MSYNC conbi ned together, HAS
stream ng over Internet can | everage the I1SP's multicast network
delivery (powered by MSYNC) in an open/standard way.

3. MSYNC Pr ot ocol

The MSYNC protocol allows an MSBYNC sender to transmt MSYNC objects
(e.g. a nedia segnent or a manifest) to an MSYNC receiver. An MSYNC
obj ect is conposed with several elenents (Info, HTTP header, data)
where each el enent is conposed with one or multiple MSYNC packets.

For instance, sending a media segnent object requires the sender to
send: one object info element (The object info elenent always fits to
only one MSYNC i nfo packet), one object HITP header (optional) that
is conposed with one or nore object HTTP header packets and finally
the object data el enent that is conposed with one or nore object data
packets. When the object to be sent is known to be part of a bigger
super object of unknown size then the sender uses the data-part

el ement instead of the data elenment. An object data-part elenment is
conposed with one or nore object data-part packets.

Al MSYNC packets carrying elements or parts of elements associ ated
with the sane MSYNC object carries the same MSYNC object identifier.

The MSYNC sender sends an object over one transport rmnulticast session
(possibly a RTP nulticast session). Al objects belonging to the sane
medi a sub-streamare typically sent over the same nulticast transport
session although it is not nandatory. The MSYNC sender is instructed
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to send nedia sub-streams over one or nore mnulticast transport
sessions according to a mapping configuration file that is shared at
the application level (i.e., between the Milticast server and the
Multicast gateway in Figure 1). The m ni num set of required
configuration paraneters related to MSYNC i s summari zed in Section
3.10. The format of this MSYNC configuration docunment as well as
paraneters that are not directly linked to MSYNC are not specified.
This is the subject of standard specification such as [ DVB- MABR] .

The MSYNC receiver behavior is driven by the application as envi saged
in Section 2.1 for exanple. The end user application (e.g. a HAS

pl ayer) may request a nedia object (e.g., a manifest or a segnent)
that makes the MSYNC receiver be instructed by the HAS Server to
listen the corresponding nulticast transport sessions (joining the
corresponding IP nulticast session if not already done); the nmapping
information (request URL to nulticast transport session) is the
responsibility of the Application. The MSYNC receiver delivers to the
application (e.g., the HAS Server in Figure 1) any received object
fromany listening nulticast transport session along with the usefu
met adata such as the object URI, an information of the object info

el ement (see Section 3.2) that nmay be used as a cache key as

envi saged in Section 2. 1.

The details of the MSYNC protocol are disclosed in the follow ng sub-
secti ons.

3. 1. MSYNC Packet For nat

The MSYNC packet has the following format. All bytes are sent
according to the conventional network order: big-endian.

0 1 2 3
01234567890123456789012345678901
e i S T S S T T S i S S S S

| version | packet type | obj ect identifier |
I S i o T s S S S e s s T
| sub- header |

| Ce |
= e e R R = e T e e e e e e e e = e e e e e e R =R = E = h et
| dat a |
| Ce |

Fi gure 3: MSYNC Packet
version: 8 bits

Versi on of the MSYNC protocol = 0x04
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packet type: 8 bits
Defi nes the MSYNC packet type. The sub-header and the associ ated
data (if any) are dependent on the packet type. The foll ow ng
types are defined.
0x01: Object info
0x02: Object info redundancy packet
0x03: Object data
0x04: Reserved
0x05: Object http header
0x06: Object data-part as a piece of an object data for
transporting e.g., an MPEG CMAF chunk, an HTTP/ 1.1 chunk or yet
an HTTP/ 2 frane.

object identifier: 16 bits
This field identifies the object being transferred in a nulticast
transport session. Considering one transport nulticast session,
al | MSYNC packets associated with the sane object carry the sane
object identifier in their MSYNC packet header. Wenever this
obj ect 1D change that neans the sending of the previous object is
fini shed but not necessarily the reception (packets m ght have
been possi bly reordered). Depending on the depl oynent, un-ordered
packet reception is either not possible or acceptable within a
certain tinme limt. Wen transnitting a new object, the MSYNC
sender MJST NOT reuse an object ID that corresponds to an ongoi ng
MSYNC obj ect transnission. The way to deal with packet reordering
is discussed in Section 3.7.

sub- header: series of N x 32 bits
The packet sub-header is linked to the packet type. The details of
each packet type are specified in the next sections.

data: series of Dx 8 bits
The presence and contents of field is optional and is present
depends on the packet type. D is bounded by the naxi mum size of a
transport multicast session protocol packet size and the MIU
(Maxi mum Transfer Unit) otherw se as explained in Section 3.6.

3.2. nject Info Packet

The Object info packet is used to transport neta-data associated with
an object. It is used to describe the object. Object information is
carried over one object info packet only. The object info packet is
typically sent along with the object data it descri bes.

The object identifier corresponds to the object identifier of the

obj ect data packets or the object data-part packets that the object
i nfo packet relates to.

Bal e et aL. Expi res Novenber 29, 2026 [ Page 13]



I nternet-Draft MBYNC May 28, 2026

0
0

1 2 3
1234567890123456789012345678901

I i S T i S S e e I A ST S A S S

version | packet type | obj ect identifier |

e T S

obj ect size |

T S S T i S S S T S S S T 5

nunber of MSYNC packets |
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Figure 4: Object Info packet

packet type: 0x01 or 0x02

obj

—

Redundant obj ect | NFO packets (packet type 02) MAY be sent in
addition to the "main" object info packet according to Section
3.7.

ect size: 32 bits

The nunber of bytes that conpose the object data payl oad
transported with one or nore MSYNC object data packets (Section
3.3) or MSYNC object data-part packets (Section 3.5).

The size may be 0 indicating that there is no correspondi ng

obj ect’s data payl oad transm ssion foreseen (i.e., no expected
MBYNC dat a packet or MSYNC data-part packet). In case of a super
obj ect transnission (Section 3.5), if the object URI of an object
info with an object size set to 0 matches the super object UR
then it MUST be interpreted as the end of the super object
transm ssion (Section 3.8.1.2).

Note that 32 bits is sufficient when transporting HAS el enents. The
maxi mum si ze of an object (4.4 GBytes) authorizes the transfer of
a video segnent of several tens of seconds, 4K encoded.

nunber of MSYNC packets: 32 bits

Nunber of MSYNC packets that conpose the transported object. If
the object size is null (set to 0) then the nunber of MSYNC
packets MJST be null (set to 0).
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object CRC. 32 bits
Wth MSYNC version 4 and greater (Section 3.1), the "object CRC
field MUST be valid only if the "C" flag is set to 1. Wth MYNC
version 3 and lower (Section 3.1), the "object CRC' field MJIST be
valid. A Cyclic Redundancy Check applied to the object data
payl oad or the object data-part payload for corruption detection
according to the CRC-32 algorithmdefined in the 1SQOIEC 3309: 1999
specification revised by the |1 SO | EC 13239: 2002 specification. The
obj ect data payload is conposed with the "data" field of all data
packets associated with the object (see section 3.3). The object
data-part payload is conposed with the "data" field of all data-
part packets associated with the object (see Section 3.5).

c: 1 bit
A flag to indicate whether the CRC field is valid (1) or not (0).
This flag is present only since version 4. Before that version,
the CRC field MJUST al ways be valid (Section 3.1)
obj ect type: 8 bits
Defines the type of object, i.e., the content type transported
with Cbject data (or data-part) packets, associated with this
MBYNC (nhj ect info packet.
0x00: Unknown.
0x01: Media manifest (playlist).
0x02: Reserved.
0x03: Media content. Data plane elenents formatted according to
e.g. MPEG TS [ MPERTS], MP4 or yet fragnmented MP4 [ MPEGCVAF] .
0x04: Reserved.
0x05: control: control plane information (e.g., MSYNC
configuration elenents as di scussed in Section 3.10).
0x06- OXFF: Reserved.

—

mype: 4 bits
Characterizes the media manifest. This field MJST only be used in
association with the object type 0xO01l (nedia manifest). It MJST be
set to Ox0 (not applicable) otherwise. The field can take the
foll owi ng val ues.
0x0: Not Applicable
0x1: MPEG Dash as specified in [ MPEGDASH) .
0x2: Master HLS playlist as specified in [ RFC8216].
0x3: Media HLS playlist as specified in [ RFC8216].
0x4- OxF: Reserved

object URI size: 12 bits
The size in bytes (as an unsigned integer)of the object URl field
(including 0x00 padding bytes). The object URI maxi mum size
depends on the network MIU as di scussed in Section 3.7.

Bal e et aL. Expi res Novenber 29, 2026 [ Page 15]



I nternet-Draft MBYNC May 28, 2026

medi a sequence: 32 bits
A sequence nunber (as an unsigned integer) associated with the
MSYNC obj ects data and data-part (for transporting a segnent or a
mani fest) that depends on the mype value. It is used by the
application operating MSYNC (e.g. the nulticast gateway) to
facilitate/ accel erate the synchroni zati on between uni cast and
MSBYNC reception. The nulticast gateway nay operate jointly
MSBYNC/ mul ti cast and conventi onal HTTP/ uni cast for retrieving HAS
el ements as indicated in Section 2 and illustrated in Figure 1.
The values and rules are detailed in the Section 3.8 dedicated to
the HAS protocol dependencies. If this field is unused, it MJST be
set to 0x00, and MSYNC receivers MJST ignore it.

object URI: object URI size * 8bits
This is the path nane associated with the object as the URI
reference to be resolved according to [ RFC3986]. It MAY
corresponds to a storage/ Cache path. There SHOULD be a direct
relationship between this URI and the URL associated with the
addressabl e object (e.g., HAS segnment or CMAF chunk and/or a
mani fest). The rules for HAS delivery are detailed in Section 3.8
dedi cated to the HAS protocol dependenci es.

The object URI is coded as a series of string characters
conform ng to UTF-8 [ STD63]. Renmi ni ng unused bytes of the last 32
bits word MUST be filled with the 0x00 val ue.

3.3. (hject Data Packet

The Object Data Packet carries part or all of the object’s data
payl oad. The type of data and the way to process the object’s data
packets are determ ned by the associ ated object info packet.

0 1 2 3
01234567890123456789012345678901
i i i T i I S i e s o o i i
| versi on | packet type | obj ect identifier |
R et e s i o e s i i
| obj ect of fset |
B i s T T i i o S o T Ji I
| dat a |

Figure 5: (Object Data packet
packet type: 0x03

obj ect offset: 32 bits
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The i ndex from which the MSYNC object data packet payload (data
field) is to be witten in order to compose the object data

payl oad at the receiver side (i.e., the nmulticast gateway). The
first data packet of an object has an offset equal to 0. The MSYNC
sender MJST NOT send a data packet that exhibit an object offset
that nakes the data range overlapping with a previously
transmtted data packet belonging to the same object. Likew se,the
MSYNC recei ver MIST ignore a data packet that exhibit an object

of fset that makes the data range overlapping with a previously
recei ved data packet belonging to the sane object.

data: N x 8 bits
The data payl oad (or part of data payload) related to the carried
object ( e.g., part or all of a HAS segnment or a manifest). The
maxi mum si ze of the object data packet depends on the network MIU
as discussed in Section 3.7. This data payload represents all or
part of the object data payload. The total size (nunber of bytes)
of the object data payload is indicated in the associ ated object
info packet (field object size). The object CRC in the associated
obj ect info packet applies to the object data payload (i.e.
conmposed with one or nore data payl oads).

3.4. bject HITP Header Packet

Using the object HTTP header is optional (see 3.7). The MSYNC sender
and the MSYNC receiver do not exploit directly the HITP header. HTTP
header fields can be used by the application operating MSYNC. For
exanpl e, considering the Figure 1, the HAS Ingest conponent in the
Mul ticast server may ingest sone HTTP headers useful for the HAS
server in the Milticast gateway and/or the end user application. As
an exanple a security nechani sm based on HTTP may exploit this
possibility (see Section 5).

The HTTP header packet carries part or all of HITP header fields
related to the object to be sent. There is at nobst one object HITP
header per object data (or per object data-part) that nmeans the MSYNC
sender MJST NOT send nore than one object HTTP header element with a
different content (i.e. different set of HITP header fields)
associated with the sane object identifier. The exact sane object
HTTP header el enent can be repeated (sent several tines) according to
the sending rules detailed in Section 3.7.

The transport of the HTTP header fields MJUST be conformed to HTTP/ 1.1
Section 5 of [RFC9112]. Carrying HITP header fields of a version of
HTTP greater than HTTP/ 1.1, the MSYNC sender MJST convert the fornmat
according to HTTP/1.1 Section 5 of [RFC9112].

The obj ect HTTP header MAY al so be used in association with Object
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Dat a-part. The fields (nanme/val ue pairs) MJST be transported
according to HTTP/ 1.1 Section 5 of [RFC9112].

The object identifier is the sanme than the one present in the object
data packets or object data-part packets it relates to.

0 1 2 3
01234567890123456789012345678901
B T S i T s i i e e SEI S
| version | packet type | obj ect identifier |
I S i o T s S S S e s s T
| header size | header of fset |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| dat a |

Figure 6: Object HTTP Header packet
packet type: 0x05

header size: 16 bits
An obj ect HTTP header can be transported over one or severa
under -l aying transport packets. This field indicates the tota
size of the HITP header in bytes and it is indicated in each the
HTTP header’s packet.

header offset: 16 bits
The i ndex fromwhich this HTTP header MSYNC packet payl oad data is
to be witten in order to conpl enent the HTTP header at the
receiver side (i.e the nulticast gateway). The first packet of the
HTTP header has an offset equal to O.

data: N x 8 bits
The payl oad data related to the HTTP header. The maxi num si ze of
the nject HITP header packet depends on the network MIU as
di scussed in Section 3.7.

3.5. (bject Data-part Packet

Thi s MSYNC packet carries part or all of the nedia data-part object
payl oad. The type of data and the way to process the object’s data-
part packets are determ ned by the associ ated object info packet.

hj ect data-part payload is transported through a series of object
dat a- part packets. The data-part is used when the object corresponds
to a "part" (a block) of a super object for which the size is unknown
(a super object may correspond to a streamor a nedia segnent not yet
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conpl ete and for which the size is therefore unknown).

Al'l data-part packets belonging to the same data part object have the
sanme object identifier that is the same one present in the object

i nfo packet and HTTP header (if any) packets the data-part object
relates to.

Al'l data-part objects conposing a super object have a different
object identifier. The object info packet (object URI) |links a data-
part object with a super object as explained in Section 3.8.1.2.

The end of super-object transmission is signaled with an object info
packet having both the object size and the nunber of MSYNC packets
set to 0 and having the object URI nmatching the object UR of the

al ready received parts according to Section 3.8.1.2.

Detecting m ssing data-part packets of a data-part object is based on
detecting the end of an object transm ssion as depicted in Section
3.7.2 possibly assisted with the CRC. The receiver detects nissing
packets through the Object Info packet that indicate the nunber of
MBYNC packets conposing the object. The receiver detects corrupted
packets through processing the CRC. Regardi ng the super object
transm ssion, the MSYNC receiver does not know how many dat a- part
obj ects conposes a super object but knows when the super object
transm ssi on ends and knows the super object offset as well as the
object URI of each of the already received data-part objects (object
info contains the object size set to zero and the object UR
referencing the last block +1) that permts the MSYNC receiver to
avoi d m ssing data-part objects belonging to the same super object.

0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| ver sion | packet type | object identifier |
e s i i T e  h h ok i R S S
| obj ect of fset |
i e e R e s o e e i i ol S N S T
| super object offset |
B i s T T i i o S o T Ji I
| dat a |

Figure 7: Object Data-part packet
packet type: 0x06

obj ect offset: 32 bits
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The index from which the data-part packet payload (data field) is
to be witten in order to conpose the object data-part at the
receiver side (i.e., the nulticast gateway). The first packet of
the data-part has an offset equal to 0. The MSYNC sender MJUST NOT
send a data-part packet that exhibit an object offset that nakes
the data range overlapping with a previously transmtted data-part
packet belonging to the same object. Likew se,the MSYNC recei ver
MJST ignore a data-part packet that exhibit an object offset that
makes the data range overlapping with a previously received dat a-
part packet belonging to the same object.

super object offset: 32 bhits
The index from which the object part-data packet payload is to be
witten in order to compose the super object data at the receiver
side (i.e., the nmulticast gateway). The first data-part object
conposi ng a super object has the super object offset equal to O.
The super object offset is the same for all object data-part
packets conposi ng the sane object data-part. The MSYNC sender MJST
NOT send a data packet that exhibit a super object offset that
makes the data range overlapping with a previously transmtted
dat a- part object belonging to the same super object. Likew se,the
MBYNC recei ver MJST ignore a data-part packet that exhibit a super
obj ect offset that nakes the data range overlapping with a
previously received data-part object belonging to the sane super
object. Al data-part objects belonging to the same super object
share the sane object URI prefix (see Section 3.2)

data: N x 8 bits
The data payload related to the carried object ( e.g., part or al
of a HAS segnent or a nanifest). The maxi mum si ze of the object
dat a- part packet depends on the network MIU as di scussed in
Section 3.7. The total size (nunber of bytes) of the object data-
part payload is indicated in the associ ated object info packet
(field object size). The object CRC in the associated object info
packet applies to the object data-part payload (i.e. conposed wth
one or nore "data" payl oads).

3.6. Maxi mum Si ze of an MSYNC Packet

An MSYNC packet MUST fit within the underlying protocol packet. As
detailed in Section 3, an MSYNC packet is conposed with a header part
and a data part for which the size is limted by the transport

mul ticast protocol. Wth RTP and/or UDP (which authorize up to 65535
bytes), the maximumsize is linked to the path MIU (Maxi mum Transfer
Unit) as the largest transfer unit supported between the source (the
mul ti cast sender) and the destination (the nulticast receiver)

wi t hout fragnentation. The mean to conpute the MIU is out of scope of
thi s docunent.

Bal e et aL. Expi res Novenber 29, 2026 [ Page 20]



I nternet-Draft MBYNC May 28, 2026

3.7. Sending and Receiving MSYNC bj ects

3.

7

The foll owi ng considerations are linked to the MSYNC configuration
(3.10).

1. Mapping over Transport Milticast Sessions

The mappi ng of MSYNC objects onto transport and I P nulticast sessions
is not constrained by the MSYNC protocol but by the multicast network
capacity (i.e., the bandwi dth) provisioned for MSYNC as indicated in
Section 2.3. For exanmple, with ADSL (Asymretric Digital Subscriber
Line), the capacity dedicated to nmulticast is linmted which nay drive
to an IP multicast flow arrangement where one | P multicast session
carries the elements related to only one video sub-stream and anot her
one that carries the elenents related to all audio sub-streans (each
of the audi o sub-stream being associated with a different transport
mul ticast session). In that case, the MSYNC receiver MJST join at
nmost three IP multicast sessions (one for the video representation
packets, another one for the audi o representati ons packets and the

| ast one for the control information).

Anot her arrangenent could dedicate one IP nulticast session per HAS
stream gathering all nedia sub-streans (one transport mnulticast
session per sub-stream.

Considering a satellite network, as all transport mnulticast sessions
are carried sinultaneously, all IP nulticast flow arrangements may
make sense. The MSYNC receiver may be configured to join all IP
mul ti cast sessions in advance (see Section 3.10).

In general, the MSYNC receiver is instructed to join the IP nulticast
session associated with the nmedia sub-strean(s) the application (the
HAS server in figure 1) wants to listen/receive that is itself |inked
with the incom ng requests fromthe end user nedia player.

A transport multicast session is identified with the triplet: source
| P address (MSYNC supports Source Specific Miulticast), destination
mul ticast | P address and destination transport port nunber. It is
RECOMVENDED to carry nedi a sub-streans and the control information
(Section 3.2) in separate transport nulticast sessions; it allows the
depl oynent of different error correction (see Section 3.9) or content
protection procedure (e.g., one |SP may decide to encrypt the
transport multicast session dedicated to the transm ssion of contro

i nformation).

The foll owi ng arrangenent is typical in ADSL:

- One IP nulticast session per nedia (audio or video or subtitle)
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sub-stream (representation); each transport multicast session
having a different destination nulticast |IP address.

- One transport mnulticast session for the the control information

It is perfectly possible to send the MSYNC packets attached to
different objects in one transport nulticast session only (and
therefore one IP multicast session) as long as the foll ow ng
statement is respected

For each MSYNC object (see object type in 3.2) to be sent over a
transport multicast session, the MSYNC sender MJST send the follow ng
MBYNC packets in the specified order

- One object info packet
- Zero or nore object info redundant packets

- Zero or one object HTTP header, the object HTTP header being
compose with one or nmore packets (sent in a sequential order),

- Zero, one or nore redundant object HITP header elenents (al
identical to the previously sent object HTTP header if any), each
repeat ed obj ect HTTP header bei ng conposed with one or nore
packets (sent in a sequential order),

- Zero, one or nore object data packets (or object data-part
packets) in a sequential order.

The MSYNC recei ver MUST continuously control that it does respect its
MAX_BW RECEI VE constraint (see Section 2.3) and therefore the MSYNC
recei ver MJUST NOT attenpt to join a new |P nulticast group if that
conditi on cannot be respected.

When the MSYNC object is of size null (used to signhal the end of the
transm ssion of a super object) then only one object info packet is
sent (see Section 3.2).

3.7.2. Detecting the End of an (Object Reception

Detecting the end of an MSYNC obj ect (or super object) transnission
is done thanks to the Object Info (see 3.2) infornation. However,
packet | oss is possible and MSYNC packets related to an MSYNC obj ect
may be received out of order. Packet re-ordering may be acceptabl e or
not dependi ng on the depl oyment scenario (it is generally bounded by
the potential |atency introduced by un-ordered MSYNC packets
reception). As a consequence, the detection of the end of the MSYNC
obj ect reception MIUST NOT be based solely on the detection of the end
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of the object transm ssion

An MSYNC receiver inplenmentation MAY rely on a tinmer associated with
the maxi mumtransm ssion tinme of a particular MSYNC object type in
order to detect the end of the MSYNC object transmission. The MSYNC
receiver MAY arma timer when the reception starts (e.g., first

recei ved packet related to a new object) and MAY stop the tinmer
whenever the object is conpletely received. Wen the timer reaches
the time limt, the MSYNC recei ver SHOULD consi der the transm ssion
of that object done while the object being partially received.

Note that the MSYNC sender MAY use the sane nmaxi mumtransm ssion tine
of a particular MSYNC object type for controlling the object
identifier (re-)allocation (see Section 3.1).

Assumi ng receiving unordered packets is not possible, an MSYNC

i npl ementation MAY rely on the detection of a new object transni ssion
and deci de that the previous object transm ssion (and reception) is
done whil e the object being possibly partially received.

After the transm ssion of an object is considered done, The MSYNC
recei ver MJST consi der subsequent packets related to the sane object
identifier as being part of new object transm ssion only if the
previously received object associated with the object identifier has
been conpletely received or partially received but after a maxi mum
transm ssion time. If this condition is not verified the MSYNC

recei ver MJST discard the packets.

When a new object transmission is detected (an object data or data-
part with a new object identifier) and there is no associ ated obj ect
info packet received within a certain time linmt ( Iinked to the
support of packet re-ordering) the object MIST be ignored and rel ated
packets MJST be di scarded.

In the case of a partially received MSYNC object, this is up to the
application (e.g., the HAS server in Figure 2) to react, triggering,
for instance, an object repair procedure.

Not e that packet repair and packet reordering can be performed at the
underlying RTP, based on the RTP sequence nunber (see Section 3.9).

3.7.3. Congestion Control
MSYNC i s applicable and depl oyable in a controlled environnent
according to Section 3.1.9 of [RFC8085]. MSYNC MJST be used in a
single operator network that operates network capacity provisioning.

As indicated in Section 2.3, the MSYNC sender MJST control its
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sending rate according to a pre-provisioned capacity (i.e.,
bandwi dt h) dedicated to MSYNC. The depl oynent SHOULD prevent any
potential "leaks out into unprovisioned Internet paths” in
conformance with Section 3.1.9 of [RFC8085]. This can be achieved
t hrough | ogi cal and physical traffic isolation and filtering as
commonly inplenented in broadband networks foll ow ng the design
principles depicted in [BFTRL45] and [BFTR178]. This may al so be
compl enented with the support of a circuit breaker as disclosed in
[ RFC8084] .

The MSYNC receiver or nore probably the application exploiting the
MSYNC receiver (e.g. the nmulticast gateway in Figure 1) nmay detect
and nitigate potential congestions according to the receiver-driven
congestion control nethod as detailed in Section 4.1 of [ RFC8085].
When congestion occurs, the received objects are subject to a grow ng
nunber of mssing bytes and therefore a growi ng nunber of repair
procedures (the MSYNC receiver repairs the packets possibly based on
RTP - see 3.9). On congestion detection, the MSYNC receiver, under
the control of the application SHOULD | eave one or nore I P multicast
groups and may even term nate the multicast reception. Regardi ng HAS
streamng, one mtigation action would be to switch to a |ess
bandwi dt h consunming I P nulticast session, forcing the end-user
term nal / pl ayer sonehow to request HAS sub-stream el enents related to
that | ess bandwi dth consunming |IP nulticast session.

3.7.4. bject repair

MSYNC MAY be used in association with a unicast Internet link in
order to repair an MSYNC object (corrupted/lost packets) as
overviewed in Section 2.1 and Section 3.11. This is the
responsibility of the Application (the HAS Server in Figure 1) to
performthis reparation. However MSYNC receiver SHALL be able to
deliver the necessary information for allow ng the application to
request the object froma CDN. Such information is the corrupted
object’s URI (see Section 3.2) along with the m ssing byte range
list. The Application MAY use this information along with some
configuration paranmeters to build the object repair request
(operating e.g. HITP). This is out of the scope of MSYNC and
addressed by standard specification such as [ DVB- MABR] .

Not e that MSYNC objects MAY al so be repaired (recover) through the
Transport nulticast session protocol RTP according to Section 3.9. 2.

3.8. HAS Protocol Dependency
A certain nunber of MSYNC packet header fields have a dependency on

the HAS protocol and therefore on the manifest type. Simlarly the
sendi ng rul es may al so depend on the HAS prot ocol
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3.8.1. wject Info Packet
3.8.1.1. Media Sequence

The nedi a sequence (an object Info Packet header field presented in
the Section 3.2) is used by the application operating MSYNC (e.g. the
mul ticast gateway) to facilitate the synchronization of the MSYNC
(i.e., nmulticast) reception with the unicast reception. The multicast
gateway may operate jointly MSYNC/ mul ti cast and conventi onal
HTTP/ uni cast for retrieving HAS el enents as indicated in section 3.2.
For exanple, considering a HAS session, the application (e.g. the
mul ti cast gateway) starts to fetch a manifest fromunicast as the
MBYNC receiver is not ready. When the MSYNC receiver becones ready
and is receiving segnments related to the HAS session, the application
MUST qui ckly determ ne the |l evel of freshness of the |ast segnent
recei ved via MSYNC, neani ng whether this segnent is nore recent than
the |l ast one fetched fromunicast. Wthout the nedia sequence
information field present in the Object info packet, the multicast
gateway woul d need to parse the manifest received from MSYNC t hat
takes tine and consumes CPU. Simlarly, the application may al so need
to understand the |l evel of freshness of a manifest file received via
MSYNC versus the | ast one received over unicast.

If no unicast reception is used jointly with MSYNC in the multicast
gateway (e.g., like in one way delivery only), the default val ue of
0x00 MAY be used.

If unicast reception is used jointly with MSYNC then the nedia
sequence MUST be set depending on the object type and ntype val ues
(I'nfo Packet header fields presented in Section 3.2.) as listed
bel ow.

HLS master playlist: 0x00

HLS variant playlist; MJST contain the Medi a Sequence Number
according to Section 3 of [RFC8216] of either the |ast segnent
transmtted (i.e. the last declared segnment in the playlist) or the

| ast segment under transmi ssion, i.e. the last declared segnent in
the playlist plus one (+1) also called parent segnent in the the case
of partial segnent(s) declared after the | ast declared segnent in the
pl aylist (see Section 3.2 of [|ID HTTPLI VESTREAM ).

HLS segnment: MUST contain the Medi a Sequence Nunber according to
Section 3 of [RFC8216] corresponding to either the decl ared segnent
in the associated playlist or the |ast declared segnent in the

pl aylist plus one (+1) also called parent segnent in the the case of
partial segnent(s) declared after the |ast declared segnent in the
playlist (see Section 3.2 of [|ID HTTPLI VESTREAM ).

Bal e et aL. Expi res Novenber 29, 2026 [ Page 25]



I nternet-Draft MBYNC May 28, 2026

DASH mani fest: MJST contain $tinme$/ (integer division)@inescale or
$Nunber$ corresponding to the | ast segment transmtted or under
transm ssion (and possibly received partially) and declared in the
mani fest. see [ MPEGDASH] for the definition of $tine$, @inescale and
$Nurber $.

DASH segnent: MJST contain the $tine$/(integer division)@inescale or
$Nunber $ val ue corresponding to the segnment declared in the nmanifest.

3.8.1.2. hject UR

In the context of HITTP adaptive stream ng, the object URI is a URI
ref erence.

If the object is a HAS addressable entity (e.g., a segnent or a CVAF
chunk), the object URI MJUST match (be a substring) with the URL
announced in the correspondi ng nmani fest/playlist.

Exanpl es:

- The object URI: /tvChannel 1/Ql/S 2 matches with the segment’s
URL that is conputed fromthe associ ated manifest/playlist:
".../tvChannel 1/ QL/ S 2. mp4"

- The object URI /tvChannel 11/Ql/S 2 3 matches with the CVAF
chunk URL that is conputed fromthe associ ated
mani fest/playlist: ".../tvChannel 11/QLl/S_2_3. np4".

If the object is a non-addressable HAS entity (e.g., a HITP/1.1 CTE
bl ock), the object URI is conposed with a sub-string (that MJUST match
with the URL announced in the corresponding mani fest) and a suffix
composed with the hash sign/character (#) and the bl ock nunber).

Exanpl e:

- The object URI of the 3rd HTTP/ 1.1 CTE bl ock of the segnent
S 2: tvChannel 11/ QL/ S 2. mp4#2 matches with the segment’s request
URL that terminates with ".../tvChannel 1/ Ql/ S 2. mp4"

The bl ock nunber of an object URI attached to a nedia data-part
obj ect MJST be incremented for each subsequent transm ssion.

When all the MSYNC data-part packets for all the nmedia data-part
objects (e.g., HITP/1.1 CTE bl ocks) conposing a super object (e.g., a
medi a segnent) have been sent, the MSYNC sender MJST signal the end
of the MSYNC super object transm ssion through sending an MSYNC

obj ect info packet with the object size set to zero (0). In addition,
the object URI MJUST contain the URI reference of the next block
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(never transmtted). see Section 3.2.
Exanpl e:

- The object URI of the object info packet associated with the
1st HTTP/ 1.1 CTE bl ock of the segment S_2:
tvChannel 11/ Ql/ S_2. np4#0

- The object URI of the object info packet associated with the
2nd HTTP/ 1.1 CTE bl ock of the segnent S 2:
tvChannel 11/ Ql/ S_2. np4#1

- The object URI of the object info packet associated with the
3rd HTTP/ 1.1 CTE bl ock of the segment S 2:
tvChannel 11/ Ql/ S_2. np4#2

- The object URI of the object info packet associated with the
4st HTTP/ 1.1 CTE bl ock of the segment S 2:
tvChannel 11/ Ql/ S_2. np4#3

- The object URI of the object info packet associated with the
5st HTTP/ 1.1 CTE bl ock (of size null) signaling the end of the
super object (i.e., segnent) transm ssion:

tvChannel 11/ Ql/ S_2. mis#4

3.9. RTP Multicast Session

RTP [ RFC3550] being popular in the I PTV ecosystemis a notivation to
consider RTP as an MBYNC transport nulticast session protocol. The
RTP support would allow an MSYNC depl oynent to benefit fromthe RTP
infrastructure already in place such as RTP based nonitoring tools.

3.9.1. RTP as the MSYNC packet container format

Wth MBYNC, RTP is used as a container format wappi ng MSYNC packets.
As such, There is no need to use RTP for nedia nultiplexing or

sour ce/receiver synchronization. The following lines list the
restrictions in using RTP based on [ RFC3550] and Section 2 of

[ RFC3551] .

- One RTP nulticast session corresponds to one Transport multicast
session as indicated in Section 1.2.- RTCP usage is not required

i f packet retransm ssion (see Section 3.9.2.) is not used. - There
is no support, no need to announce/ describe the RTP multicast
session using SDP or any other equival ent announcenent protocol. -
MBYNC does not support RTP translators and m xers. Accordingly,
the MSYNC sender (the RTP sender) MJUST NOT |ist contributing
source (CSRC) identifiers in the RTP header (see bel ow).
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The RTP packet header used to wrap a MSYNC packet is represented in
Fi gure 8.

0 1 2 3

01234567890123456789012345678901
I S i o T s S S S e s s T
|V=2|P| X] CC |M PT | sequence number |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| ti mestanmp |
B T S i T s i i e e SEI S
| synchroni zati on source (SSRC) identifier |
I S i o T s S S S e s s T

Figure 8. RTP Header for MSYNC

P: Paddi ng.
Not used. MJST be set to O.

X: Extension.
Not used. MJST be set to O.

CC. CSRC Count. .
MBYNC does not support contributing sources. The RTP header
contains O (zero) contributing source identifier (CSRC) fields.
MUST be set to O.

M Marker.
Not used. MJST be set to O.

PT: Marker.
The RTP header payl oad type (PT) field SHOULD correspond to one of
the dynam c val ue specified in [RFC3551]. Its val ue shoul d be
conmmuni cated to the MSYNC receiver as part of the MSYNC receiver
configuration (Section 3.10). This payl oad type MJUST be the sane
what ever the nulticast transport session.

sequence nunber: see [RFC3550].

ti mest anp:
The RTP header tinestanp field is computed as indicated in
[ RFC3550]; it corresponds to the instant the MSYNC sender starts
the MSBYNC packet transm ssion.

SSRC.
Each RTP mul ticast session MJST operate a unique different SSRC
nunber [ RFC3550]. This allows packet retransmission (if used) on
the RTP nulticast session basis.

3.9.2. RTP packet retransni ssion

Packet retransmi ssion (see Figure 9 below) MAY be used in association
with the RTP nulticast session for packet |oss recovery. If this is
the case then the RTP Repair client and RTP repair server MJST be
compliant with [ RFC4585], [RFC4588] and [ RFC5506] according to the
fol | owi ngs.
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- Reduced sized RTCP (Section 4 of [RFC5506]) MJST be used with
sendi ng feedback NACK nessages operating the i mredi ate Feedback
mode [ RFC4585]. The RTP Repair client does not send Receiver
Report (RR). There is no regular RTCP transm ssion but only

f eedback nmessages when appropriate (RTP packet | oss detected).

- The RTP Repair client (coupled to the MSYNC receiver) subnits
transport |ayer feedback (FB) messages in NACK node (Generic
NACK) to the RTP Repair Server according to [RFC4585] and

[ RFC5506] . The format of the feedback nessage is based on
Section 6.1 and Section 6.2 of [RFC4585] with the foll ow ng
setting: padding bit cleared (0), payload type set to "RTPFB"
(205), FMI set to "CGeneric NACK" (1). The SSRC of packet sender
MUST be unique. It is attached to the MSYNC receiver. It MAY be
based on the I Pv4 or 1 Pv6 address of the MSYNC receiver unicast
interface. The SSRC of nedia source MJST correspond to the SSRC
of the RTP nulticast session to be repaired (see Section 3.9.1).
The Feedback Control Information (FCl) format is detailed in
Section 6.2.1 of [RFC4585].

- The RTP Repair server receives, processes and responds to the
f eedback NACK messages (FB) according to [RFC4588]. It nmatches
the SSRC nedi a source present in the feedback (FB) nessage with
the SSRC or the original RTP nulticast session. The RTP Repair
server MAY be located within the nulticast server or it MAY be
hosted by any intermediate entity acting as a nulticast RTP
receiver (i.e., capable of receiving the nulticast RTP packets
gat hering MSYNC packets). In any case, the RTP Repair server and
the RTP Repair client MJST operate a unicast interface. The
format of the retransm ssion packets is based on Section 4 of

[ RFC4588] with the followi ng setting: when sending a
retransm ssi on packet (an RTP packet indeed), the RTP Repair
Server MJUST use the sane payload type (PT) as the one used in
the original RTP header transporting the MSYNC packets (see
Section 3.9.1). The SSRC val ue MJST be identical to the SSRC of
medi a source val ue, present in the correspondi ng feedback
nmessage

- The Session-nultiplexing scheme [ RFC5761] MJST be applied. The
RTP retransm ssion (repair) stream MJST be sent over a unicast
interface to the Repair client and therefore MJUST NOT be part of
the RTP multicast session used to transnit the origina
(rmulticast) RTP stream

- The RTP Repair client and the RTP repair server SHOULD use the
same UDP port nunbers arrangenment in order to facilitate the
firewall traversal. The source port nunmber of a RTCP packet
(feedback NACK nessage) SHOULD correspond to the destination
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port nunber of the RTP retransm ssion packet.

Mul ti cast server

U +
| HAS | MSYNC |
| Ingest | Sender |
SRR +
I
| + oo - +
mul ti cast | RTP |
| ------- > Repair |
| | Server |
| + oo +
V N
e e e e o oo + |
| HAS MSYNC | RTP | <---

| Repair | unicast
Receiver |dient |

| Server
Mul ticast gateway
Figure 9: RTP repair

The Figure 10 represents a typical repair workflow. The interface
bet ween the MSYNC Recei ver and the RTP Repair Cient is
i mpl ement ati on dependent.

Whenever the MBYNC receiver detects one or nore packet |osses
attached to a RTP nulticast session, it generates a Repair request
(step 1 in Figure 10). One possible inplenentation of this interface
consi sts into comuni cating the paranmeters SSRC (of the nedia source,
i.e. the RTP multicast session), PID and BLP as defined in Section
6.2.1 of [RFC4585]. PID is the RTP sequence number of the first |ost
RTP packet of a potential series of |ost RTP packets to be retrieved.
BLP is a 16 bits field reporting loss of any of the 16 RTP packets
following the first RTP packet represented by the PID paraneter. Note
that inplenmentation dependent interface could allow a request with
several PID/BLP parameters pairs as this is possible with [ RFC4585].

The RTP Repair Client subnits a RTCP packet to the RTP Repair Server
(step 2 of Figure 10) that contains the Feedback NACK nessage with

t he Feedback Control Information (FCl) gathering the PID and BLP
paraneters as specified in [ RFC4585].

The RTP Repair Server processes the request and retrieves inits

cache the set of requested RTP packets and send them back to the RTP
Repair Cient conforming to [ RFC4588] and the restrictions specified
above (step 3 of Figure 10). The size of the RTP Repair server cache
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is application dependent.

Finally, the RTP Repair Cient comunicates the retransmtted packets
to the MSYNC receiver.

MSYNC RTP Repair RTP Repair
Recei ver dient Server
| Repair(SSRC, PID, BLP) |
[ = mmm >| | (1)
| | RTCP FB NACK |
I [ =mmm e >I (2)
| | RTP Retrans. packets | (3)
| | <o |
| RTP Retrans. Packets | |
I< ———————————————————————— | I (4)

Fi gure 10: RTP Repair workfl ow

Note that instead of relying on MSYNC "RTP retransni ssion”, the
Application (i.e. the HAS server in Figure 1) could take care on
recovering an MSYNC damaged recei ved object (e.g. an HAS el enent |ike
a segnment or a manifest) through e.g. HITP (see Section 3.7.4). This
met hod requires a CDN, relies on HITP Byte-range request for which
the support is not harmoni zed and is | ess reactive than operating
RTCP (UDP transactions over a dedicated path are typically much

qui cker than HTTP/ TCP transacti ons over the unicast broadband data
pat h).

3.10. Configuration
3.10.1 MSYNC Confi guration

This section lists the essential configuration paraneters related to
the MSYNC sender and the MSYNC receiver. The goal is neither to
specify the paraneters list attached to the whole application
expl oi ti ng MSYNC such as the Miulticast Server or the Milticast
Gateway (see Figure 1) nor the format of such configuration Iist that
are both the subject of external specifications as [ DVB- MABR].

Congesti on avoi dance: parameters for avoi di ng congestion as
di scussed in Section 2.3.

- Maxi num Sender bandw dth ( MAX_BW SEND): corresponds to the
maxi mum guar ant eed bandwi dth dedi cated to MSYNC allowing to
transport the provisioned HAS session(s) across all multicast
sub-networks up to the last nulticast sub-network ingress point
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(e.g., the last router or bridge) before reaching the MSYNC
receiver.

- Maxi mum Recei ver bandw dth ( MAX BW RECEI VE): Represents the
provi sioned capacity dedi cated to MSYNC over the last nulticast
sub-network the MSYNC receiver is connected to.

RTP Encapsul ation: This is optional but required for relying on
RTP retransm ssion as discussed in Section 3.09.

- RTP Repair Server: If RTP retransm ssion is available, IP
address (or fully qualified domain name) and UDP port nunber of
the RTP Repair Server.

- RTP Payl oad type: One paraneter that cannot be fixed whatever
the deploynment is the RTP Payl oad type. This paraneter concerns
the MSYNC Sender when operating RTP.

3.11. MSYNC wor kfl ow exanpl e

In this section we depict a sequence diagramthat illustrate a ful
MBYNC sequence as part of a nedia stream ng application exanpl e that
involves a multicast server and a nulticast gateway (Figure 1). The
wor kfl ow al l ows to better understand and separate the operations
attached to MSYNC fromthose attached to the application el ements.
An application programmable interface (APlI) exposed by the MSYNC
sender and MBYNC receiver is assunmed for the sake of clarity but is
purely informative.

In the following Figure 11, the '*’ character indicates a repetition

of the transaction. The nunber in parenthesis refers to an
expl anation of the transaction given below the figure.
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HAS MSYNC MSYNC HAS term nal
i ngest sender receiver server pl ayer
| | | | |
|<--(1) (2)-->] | <--(3) | |
| <----(4)---->] | | |
|----- (5%)--->| | <----(7)---->] |
| |----- (6%)--->| | |
| | | ----- (8)---->| |
| | | <----(10) -] < ---(9) -~~~
| | |- (119 --->] - -- (12) -- - >]
| | | | <---(18%)----]
| | | | ----(14%)--->]
| | | <----(16)----| <----(15)----|
| | | --- - (17%) -] - - (18)--->|
| | | | <---(19%)----]
| | | | ----(20%) --->|
Figure 11: MSYNC interactions exanple
(1): The nulticast server is configured for delivering a new HAS

live service over multicast that neans configuring the HAS ingest
and the MSYNC sender. The HAS ingest gets configured to fetch al
the el ements announced in the manifest file associated with the
new servi ce. We assune a DASH [ MPEGDASH] nanifest file that
describes a service with 2 adaptation sets (audio, video) and 2
representations for each of those adaptation sets. The HAS i ngest
is configured for delivering the new elenments related to that |ive
service. A transport multicast session arrangenent (said HAS
configuration) is provided targeting ADSL access, according to the
followi ng (the bandwidth and relative URL paraneters are extracted
fromthe manifest file).

- Service Livel: manifest url:
https://provider.cdn.conilivel/channel 2/ dash/ mani f est . npd.

- Videol:
relative

transport multicast session = 233.252.0.1:17000;
URL= "vi deol/ $nunber $. np4"; bandwi dt h="1000000"

- Video2:
relative

transport multicast session = 233.252.0.2:17000;
URL= "vi deo2/ $nunber $. np4"; bandwi dt h="2500000"

- Audi ol:
relative

transport multicast session = 233.252.0.3:17000;
URL= "audi 01/ $nunber $. np4"; bandwi dt h="192000"

- Audi 02:
relative

transport multicast session = 233.252.0.3:17001;
URL= "audi 02/ $nunber $. np4"; bandwi dt h="384000"

In addition ,
Control channe

The HAS ingest is configured to operate a dedi cated
according to the follow ng.
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- Control: transport multicast session = 233.252.0.4:17002. Note
that the Control session is used by the application to

comruni cate to the HAS Server the transport mnulticast session
arrangenent .

(2): The MBYNC sender is configured with the follow ng

i nformati on. RTP encapsul ation with RTP retransmni ssion (see 3.10).
The Maxi mum MSYNC Sender bandwi dth is configured: MAX BW SEND =
4500000 bps.

(3): The MBYNC receivers are configured for supporting RTP
reception as well as RTP retransm ssion conformng to Section
3.10. The maxi mum MSYNC receiver bandwi dth is configured:
MAX_BW RECEI VE = 3500000 bps that is the same configuration for
all MSYNC receivers assum ng they are all connected to the sane
access network that guaranties this mninmum avail abl e bandwi dt h.

(4): The HAS ingest and the MSYNC sender establish a connection
wherein the MSYNC sender conmunicates its limtation (MAX_BW SEND)
and in return gets the new provisioned service "Livel" and the
provi sioned Control channel that is accepted.

(5): The HAS ingest sends continuously (carousel) the transport
mul ti cast session arrangenent for all configured services (here
only one service: Livel) to the MSYNC sender along with the
transm ssion parameters (Control transport multicast session,
object type = "Control", Object URI="HAS/config"). In parallel,
the HAS Ingest fetches the representation el enents concurrently
and according to the mani fest. Those el enents and the manifest
itself are sent to MSYNC sender with, for each, the indication of
the channel (i.e. the transport nulticast session) to be used for
the transm ssion, the object type, the nmedia sequence and the
mani fest type (only for the manifest) and the object URI. The

obj ects are sent of the transport mnulticast session according to
the follow ng arrangenent.

- initialization segnents: sent over the corresponding video
transport multicast session and repeated after every segnent.
Note that the HAS ingest could al so decide to send the
initialization segnment over the Control mnulticast session or
even decide not to rely on MSYNC but on the CDN (i.e. the HAS
server, in the multicast gateway when the initialization segnent
is requested would fetch it fromthe unicast path). Object UR =
"provider.cdn.com |ive/channel 2/ dash/vi deo[ x] /i nit.np4"

- video segnents: sent over the correspondi ng video transport

mul ticast session. Object URI =
"provider.cdn.com |ive/channel 2/ dash/ vi deo[ x] / [ segment nane] "
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- audi o segnent: sent over the correspondi ng video transport
mul ticast session. Cbject UR =
"provider.cdn.com |ive/channel 2/ dash/ audi o[ x]/ [ segment name] "

- manifest file: sent (duplicated) over each of the 2 video
transport multicast sessions, after a video segnent is sent.
Note that the HAS ingest could also decide to send the nanifest
file over the Control multicast session. Cbject URI =
"provider.cdn.com |ive/channel 2/ dash/ mani f est . npd"

(6): The MBYNC sender transmits the objects on denand (fromthe
HAS ingest) and according to Section 3.8 in each of the indicated
Transport nulticast session. The MSYNC sender MUST conti nuously
adapt the transm ssion rate to its maxi mum pernitted MAX _BW SEND.

(7): The HAS server and MSYNC receiver establish a connection
wherein the MSYNC receiver communicates its bandwi dth restriction
(MAX BWRECEIVE) and in return, the HAS server instructs the MSYNC
Receiver to join the control multicast session

(8): The MSYNC receiver joins the control mnulticast session,
receives the transport nulticast session arrangenment ("HAS/ config"
) and communi cates that HAS configuration file to the HAS server

(9): The player requests the manifest:
https://provider.cdn.conllive/channel 2/ dash/ manifest.mpd. In this
exanpl e, the application indicates the original CDN FQDN (ful

qual ified domain nane) in the URL per convention

(10): The HAS server matches the requested URL with the manifest
URL attached to the configured service and instructs the MSYNC
receiver to join one of the representations conbination (i.e. one
of the video transport multicast session and the audio transport
mul ti cast session) by default. Note that the HAS server can decide
to hold the player’s request until the requested nmanifest is

recei ved through MSYNC or it can fetch the manifest fromthe CDN
over the unicast path to accelerate the work fl ow

- Videol: transport multicast session = 233.252.0.2:17000;
relative URL= "video2/ $nunber $. np4"; bandw dt h="2500000"

- Audi ol: transport multicast session = 233.252.0.3:17001;
relative URL= "audi 02/ $nunber $. np4"; bandw dt h="384000"

(11) The MSYNC receiver joins the Videol and Audio IP nulticast
groups, receives MSYNC packets and delivers the objects (nedia
mani f ests and segnents) to the HAS Server along with their Object
URI. The HAS Server stores the elenent in its cache along with its
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cache key (built with the Object URI). As overviewed in Section
3.7.4, it is possible that the object delivered by the MSYNC
receiver is corrupted (i.e. inconplete) ; in that case the MSYNC
receiver delivers the partial object along with m ssing bytes
ranges to the HAS server. The latter attenpts to repair the object
through e.g. HTTP (not represented in the figure).

(12) The HAS server detects the presence of the requested manifest
inits cache and returns it to the player. Note that the manifest
obj ect should be conplete; potential transm ssion errors have been
managed by the MSYNC receiver through RTP retransm ssion (Section
3.9.2). Note that without RTP retransm ssion, the MSYNC receiver
woul d have commruni cated the received object to the HAS server with
possibly the list of mssing byte ranges.

(13) The player parses the mani fest and requests the segnments from
vi deol/ Audi 01 representations as well as the nmanifest (possibly
updat ed) .

(14) The HAS server either find the requested elenent in its cache
or fetch it fromthe CDN and return themto the Player. Note that
the el enment should be conplete. Potential transm ssion errors
woul d have been nanaged by the MSYNC receiver through RTP
retransm ssion (Section 3.9.2). Note that wthout RTP

retransm ssion, the MSYNC recei ver woul d have communi cat ed each
received object to the HAS server with the list of any m ssing
byt e ranges.

(15) The player wi shes to switch to an hi gher sub-stream
representation and requests an elenment fromthe Video2
representation.

(16) The HAS server gets a cache m ss, detects that the MSYNC
receiver is not tuned to the right channel. It instructs the MSYNC
receiver to first |eave Videol and then join Video2. The HAS
server does that as it knows the bandwi dth restricti on announced
by the MSYNC receiver. Note that the MSYNC recei ver woul d have
refused to Join Video2 while being still attached to Videol. Note
al so that the HAS server can decide to hold the player’s request
until the requested object is received through MSYNC or it can
fetch the object fromthe CDN over the unicast path to accelerate
the work fl ow.

(17) The MSYNC receiver |leaves the current IP nulticast group
corresponding to Videol and joins the IP nmulticast group
correspondi ng to Video2, receives MSYNC packets and sends nedi a
mani f est s/ segments to the HAS Server along with their Object URI
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(18) The HAS server receives the objects, store themin its |oca
cache and returns the requested el enent to the player.

(19) The player requests the segrment from vi deo2/ Audi 02
representations or the nanifest (possibly updated).

(20) The HAS server either find the requested elenent in its cache
or fetch it fromthe CDN and return it to the Player.
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4.

6

6

| ANA Consi derati ons
Thi s docunment has no actions for | ANA
Security Considerations

MBYNC i s exposed to the risks linked to the underlying transport
protocol s: UDP and RTP. An attacker can spoof the source and
destination addresses, nmodify any MSYNC headers and, because MSYNC
applies to P nmulticast, the MSYNC sender has no control about the
MSYNC r ecei vers which nmay represent a non-authorized party.

The nul ticast conmunication between the MSYNC sender and the MSYNC
recei ver SHOULD be protected against confidentiality |eaks, message
tanpering and replay attacks. The MSYNC protocol does not specify any
security nechanism. MSYNC relies on possibly content protection
(Digital Ri ght Managenent) and on the underlying transport |ayer and
security extensions for providing nmessage integrity, authentication
and encryption. Secure RTP (SRTP) [RFC3711] and | Psec applied to

mul ticast [ RFC5374] are potential candidates for providing such

ext ensi ons.

As MSYNC supports transporting HTTP headers, it MAY al so supports
HTTP based mechani sns for integrity protection and authentication as
speci fied by [ RFC9530] and [ RFC9421] respectively and profiled for
mul ticast by [DVB- MABR]. Based on asymmetric cryptography, the

aut henti cation method specifies a digital signature [RFC9421]
protecting a content digest [ RFC9530] and a certain nunber of HITP
headers conpl enented with derived conponents such as the MSYNC Obj ect
URI. The signature itself is conmputed with a well

identified/ permitted algorithmand a private key attached to a X 509
certificate [ RFC5280] . A dedicated HTTP header transports the
algorithmidentifier and the public key identifier that corresponds
to the subject key identifier of the sane X 509 certificate

[ RFC5280]. The content digest [RFC9530] is transported as a dedicated
HTTP header field and is applied to the payl oad data of an MSYNC

obj ect transported with MSYNC (bj ect data packets or MSYNC Obj ect
dat a- part packets.
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8. Change Log

- 20: MBYNC is now version 4 (nodified Section 3.1). Mdified
Section 3.2: the "object CRC' field MAY not be valid.

- 19: Various editorial fixes.

- 18: Updated the Ohject URI and Object URI size descriptions
(Section 3.2) in order to clarify the usage of paddi ng bytes.

- 17: darify the role and operations strictly attached to the
MBYNC sender and receiver (sections 2.1 and 3.11). Harnoni ze sone
editorial choices.

- 16: "Digest Fields" and "HTTP Messages signatures" Internet

drafts becane RFC 9530 and RFC 9421 respectively. Authors address
updat ed.
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- 15: Section 3.9 detailed including a figure about the RTP repair
wor kfl ow. Two new sections dedicated to MSYNC configuration (3.10)
and a conplete MSYNC transport session workflow (3.11). Various
editorial updates including sone nore details in the Security
section .

- 14: A set of editorial changes after a review from Markus
- 13: Amnor edit in Section 3.7.3.

- 12: An extensive review of grammatical and orthographical bugs.
Adding clarification regarding congestion control

- 11: Another round of grammatical/orthographical errors
correction. Clarified the Figures 1 and 2 regarding the
directional nmedia flows, adding a statenent in the introduction
about nulticast and capacity planning

- 10: Introduced sub-sections in Section 2 allow ng to describe
the multicast network assunptions and in particular related to
congesti on avoi dance (pre-provisioning the bandw dth resources)
Simlarly introduced new sub-sections in Section 3.7 for
descri bi ng congestion control. Performed several mnor editorial
corrections. Corrected the new ntype val ue associated with the
medi a HAS pl ayli st.

- 09: New set of editorial/clarification changes. Added a new
mype value (Section 3.2) for differentiating master and nedia HLS
pl ayl i st backward conpati bl e.

- 08: Another round of editorial changes

07: Lots of editorial changes

- 06: Exanple in Section 3.8.1.2. update the exanple for using the
"#" character as the bloc nunber prefix instead of the
character.

- 05: Updated Section 3.9 adding reference (RFC4588) and details
for RTP retransm ssion. Updated/ normalized references in Section
5.1 and Section 5. 2.

- 04: Added detection of super object transnission (Section 3.2
and Section 3.8.1.2); several adjustments regarding RFC style;
Section nunbering correction.(Sections 3.9 and 3.10 are now
Sections 3.8 and 3.9 respectively).
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