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1 Introduction
We discussed in previous contributions the different aspects relevant to the design of the new transport protocol, starting from ALC/LCT and FLUTE. In this contribution, we provide more details of the new transport protocol building on top of the previous analysis. We argue that the new protocol should be based on the LCT building block to avoid the drawbacks of the ALC and FLUTE protocols. 
2 New Transport Protocol
Based on the analysis in [2], the following protocol header and the header field semantics are derived (Note that further optimizations to the protocol header may still be performed):
 0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|   V   |RES|FEC|  RES  |T|r|A|B|   HDR_LEN     |      Type     |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|      Packet Identifier (Sequence Number or Data Offset)       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|             OFI               |   Transport Object Identifier |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|             Transport Object Identifier (TOI)                 |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                     Sender Current Time                       |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


Note: The changes are made based on the LCT header format as defined in RFC 3451 and used by MBMS in 25.346.

Version number (V): 4 bits

      This field indicates the protocol version number. The version number for this specification is 0010b to differentiate from earlier versions of LCT.
FEC: 2 bits (replaces a reserved field in the LCT header)
This field indicates whether the current packet is a source packet or an FEC repair packet. For source packets, this field shall be set to 00b. For FEC repair packets, the meaning of each value is defined by the FEC framework. This field is mainly used if source and repair packets share the same OFI and where a single repair scheme is applied. This information is derived from the FEC configuration information.
RES: 4 bits and r: 1 bit (replace S, O, H, and R fields)

These fields are reserved for future use. These fields shall be set to 0 by the LCT sender and shall be ignored by the LCT receiver.

Object Flow Identifier (OFI): 16 bits (replaces TSI)
This field identifies an object flow in the protocol session. The mapping between the object flow and the actual objects carried by that flow is provided by the session description or by a dedicated transport object.

Packet Identifier: 32 or 48 bits (replaces Source Payload ID)
This field identifies the current packet either using a sequence number or using the offset of the first data byte of the packet in the transport object. The packet identifier is scoped by the OFI field. The length of this field is determined by the value of the L flag to be 32 bits (L=0) or 48 bits (L=1).
Transport Object Identifier (TOI): 32 bits

This field indicates to which object within this session the payload of the current packet belongs to. The mapping of the TOI field to the object is provided by the session description, out-of-band or by a dedication transport object. In the example of DASH over MBMS, the TOI may be a direct mapping of the segment index. The TOI field is scoped by the SFI field in the session.

Type: 6 bits (replaces Codepoint)
This field indicates the type of the payload that is carried by this packet. Depending on the type of the payload, additional payload header may be added to prefix the payload data. The following types are defined:
	Value
	Type
	Definition of payload type

	0
	File without Metadata
	A generic file that is delivered without its metadata

	1
	File with Metadata
	A generic file that is delivered with its metadata as an entity according to the definition in section 7 of RFC 2616.

	2
	DASH content streaming
	An ISO-BMFF file or a DASH segment that complies with one of the brands defined in TS 26.247. 

	
	
	


2.1 DASH Optimization Extension Header
In order to optimize the streaming of DASH content over the new transport protocol, a dedicated extension header is defined for payload type 2. The extension header provides additional information to enable receiver to identify the content of the payload more specifically and perform appropriate processing such as partial recovery, identification of duplicates, and chunked processing. The LCT extension header is defined as follows:

 0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|      HET      |      HEL      |   FT  |          RES          | 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                movie_fragment_sequence_number                 |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                        sample_number                          |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+                               
|                           offset                              | 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
The HET value 127 is used for this extension.
Fragment Type (FT): 4 bits


This field provides an indication of the exact type of the data unit as a fragment of the ISO-BMFF file or DASH segment. The possible values are indicated in the following table:
	FT
	Description
	Content

	0
	Initialization Segment
	contains the ftyp/styp, moov, and meta boxes as well as any other boxes that appear in between.

	1
	Movie fragment metadata
	contains the moof box and the mdat box, excluding all media data inside the mdat box. 

	2
	Media Sub-sample
	contains a sample or sub-sample of media data

	3 
	Segment Index
	Contains the styp and sidx box or parts thereof 


movie_fragment_sequence_number: 32 bits

This field provides the sequence number of the movie fragment to which the media data of this data unit belongs. The movie_fragment_sequence_number is only present in case FT indicates type 1 or 2. 
sample_number: 32 bits

This field contains the sample number of the sample to which the media data of this data unit belong. The sample number is only present in case the FT indicates type 2. 
offset: 32 bits

This field provides the offset of the media data of this data unit inside the referenced sample. The offset is only present in case the FT indicates type 2.
The information provided by the payload header enables chunked delivery of the DASH segments or of the ISOBMFF file. Operation at the sender and receiver can be performed at movie fragment level. It also enables operation at lower delay by allowing the delayed generation of the “moof” box after transmission of the related media data. 
3 Session and Session Description
The session concept in FLUTE+ is different from that in FLUTE and ALC/LCT due to the concept of object flows and the lack of channel support. 
A FLUTE+ session consists of one FLUTE+ transport flow. FLUTE+ transport flow is defined as all packet flows that are delivered to the same destination IP address and port number. 
A single MBMS User Service may be delivered over one or multiple FLUTE+ transport flows. A single FLUTE+ transport flow may deliver data from multiple MBMS User Services. 
A FLUTE+ transport flow may carry multiple object flows. Each object flow is associated with a unique Object Flow Identifier within the scope of the FLUTE+ session. FLUTE+ supports DASH optimized delivery as well as the delivery of regular file download.
The object flow is delivered as a set of related objects denoted. Objects of an object flow may for example be the DASH segments of a particular DASH Representation. 

Each object flow shall either be carried as regular files or as DASH optimized content. However, the delivery of data of a User Service may be performed using a mix of the two modes, i.e. some objects may be delivered in the DASH optimized mode and others delivered as regular files.
The FLUTE+ packet sub-flow is the subset of the packets of a FLUTE+ packet flow that share the same Object Flow Identifier. The object flow is transported as a FLUTE+ packet sub-flow.

Before joining the FLUTE+ session, the FLUTE+ receiver should obtain sufficient information to enable reception of the delivered data. This minimum required information is specified in sub-section 3.1 and the SDP format is defined in sub-section 3.2. 

FLUTE+ requires FLUTE+ receivers to be able to uniquely identify and de-multiplex FLUTE+ packets that belong to a specific object flow. 
In addition, FLUTE+ receivers are required to be able to receive FLUTE sessions. 

FLUTE+ receivers shall be able to simultaneously receive, de-multiplex, and reconstruct the data delivered by FLUTE+ packets of different types and from different object flows. 
3.1 Session Description
The FLUTE+ session description information may be delivered to receivers in different ways to accommodate different deployment environments. Before a receiver is able to join an FLUTE+ session, the receiver needs to obtain the following information:

· The destination information containing the destination IP address and port number
· The source IP addresses to support SSM
· An indication that the session is an FLUTE+ session

· The version number of the FLUTE+ protocol used in the FLUTE+ session

Additionally, the FLUTE+ session description information should contain the following information:

· The start and end time of the FLUTE+ session. 
3.2 SDP Descriptors for FLUTE+
The semantics of a Session Description information of an MBMS download session are expressed in SDP syntax according to the following clauses.

3.2.1 Sender IP addresses
There may be one IP or more sender addresses per MBMS download session. The IP source address shall be defined according to the source-filter attribute ("a=source-filter:") for both IPv4 and IPv6 sources.
3.2.2 
Destination IP address and port number

The FLUTE+ session shall be described by the session-level and media-level session descriptors. These session parameters shall be:

· IP destination address.

· Destination port number.

The IP destination address shall be defined according to the "connection data" field ("c=") of SDP. The destination port number shall be defined according to the <port> sub-field of the media announcement field ("m=") of SDP.

3.2.3 Session Timing Parameters

A MBMS download session start and end times shall be defined according to the SDP timing field ("t=").
4 FEC Framework

As a requirement of the FLUTE+ protocol, source packets should not carry any FEC specific information that might limit the instantiation of multiple FEC protection flows for the source data. In addition, several optimizations such as support for variable size packets and object bundling should be supported.
The FEC configuration information should be delivered out-of-band or as part of a dedicated transport object, such as a File Delivery Description (FDD).
No FEC source Payload ID should be required; instead, the FEC framework should use the Packet identifier together with the TOI to identify the source packets. 
The following figure describes the FEC encoding procedure:

[image: image1]
The FEC framework should be flexible enough to support statistical multiplexing of packets into the source blocks (as depicted in the figure above). This is necessary to support chunked delivery, without requiring the full transport object to be available a-priori. For this purpose, we propose the re-usage of principles from the FECFRAME, e.g. as used in the FEC mechanism for RTP and RFC6681.  
5 File Delivery Description

The file delivery description (FDD) carries information about the mapping of the transport objects to their actual application semantics. The FDD is meant to replace the FDT and maybe carried out of band in most of the cases. In-band delivery of the FDD shall also be possible to cater for cases where dynamic changes to the session occur.
The following fields are expected to be delivered as part of the FDD.

· Common characteristics of the object or object flow: delivery mode, transfer encoding, …
· URL of the objects of an object flow to TOI mapping

· Representation ID and Segment number to OFI and TOI

· URL template to OFI and TOI

· URL list to OFI and TOI

· FEC Encoding configuration

· Bundle of object flow to OFI of the repair flow

· FEC code and configuration
6 Conclusion and Proposal
We propose to accept the proposals in sections 2-5 as the working assumptions and build on them to define the protocol functionality and operation.
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