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1 Introduction
3GPP SA4 is investigating a new transport protocol to enable delivery of DASH content over eMBMS. This contribution takes ALC/LCT as a starting point and proposes changes and restrictions to fulfill the requirements of a FLUTE+ protocol.
2 ALC/LCT analysis
ALC/LCT were designed for operation over the best-effort Internet using IP multicast. As a consequence, a set of design decisions were based on this use case and may not be suitable for all usages of the protocol. In the context of delivering DASH over MBMS, a set of restrictions and changes to ALC/LCT are required to optimize the performance of the transport protocol and, hence, optimize the user experience.

ALC enforces the use of a multiple rate congestion control building block and consequently the CCI field has to be present and with a length of at least 32 bits. MBMS specification [1] requires this value to be set to 0 as it has no usage for the congestion control building block. We propose that this field be removed completely to achieve a saving of 32 bits per packet. 

The TSI field is used to identify that a set of channels are associated with the same session. The usage of channels is mainly for the purpose of multiple rate congestion control and is scoped by the sender IP address. ALC requires that a TSI be provided for each session but the MBMS specification [1] limits its size to 16 bits. We propose to either remove this field or define an alternative usage of this field. A session shall be identified by the source IP address and group IP address and port number exclusively. The TSI field may be used for other purposes such as indicating the relationship between data within the same session. A possible usage is the definition of the concept of sub-flows, where data of a sub-flow belong together logically. Examples of sub-flows are objects carrying segments of the same DASH representation or carrying MPD updates or other configuration files. 
The PSI field is used to indicate whether the FEC Payload ID for the source packets is different from the FEC Payload ID for repair packets. A requirement from this work item is to separate source from repair packet flows, where source packets are transmitted unmodified without any FEC Payload ID. Repair packets will carry all the necessary information to identify the source block boundaries and content and to perform the FEC decoding. This would enable the application of multiple FEC schemes separately and simultaneously as well as the bundled protection of multiple transport objects for improved error recovery performance. The PSI field semantics should be changed to convey information for example whether this sub-flow carries source or repair data. 
In ALC/LCT, the A and B flags are used to indicate end of session and end of object transmission. These flags cannot be used reliably for these indications. As FEC protects only the payload of the LCT packet, if the packet is lost, there is no way to recover an indication of end of session and end of object flags. We propose to remove these fields from the protocol.
The CodePoint field is used for different purposes in ALC/LCT. One possible usage is to establish a mapping between the FEC scheme and the sub-flow of transport objects that use the same FEC scheme. Other mappings are not excluded by the ALC/LCT specifications. This association may be provided as part of the sub-flow definition. The presence of the field should anyway be made optional as source packets will not have an application for it.
The TOI field identifies to which transport object the payload of the current LCT packet belongs to. This field remains relevant but its semantics may be different. We propose that the TOI be scoped by the sub-flow identifier, which replaces the TSI. Consequently, this field will provide an identification of the object within a sub flow of objects. An example usage is to provide an identification for segments of a DASH representation. In that case, the TSI will be a mapping of the Representation identifier and the TOI will be a mapping of the segment index.

The FEC building block is responsible for several restrictions that deteriorate the performance of the DASH over MBMS service. The FEC building block requires that the full file is available at the sender side and then imposes a specific procedure to build the source blocks and the encoding symbols even if FEC is not used at all. As a result all encoding symbols are of the same size. Recovering the object also requires that the all source blocks are recovered correctly at the receiver. The usage of the FEC building block results in the following:

· End-to-end delay is increased by the time required to generate the file at the sender and to reconstruct it at the receiver. This is especially relevant for DASH over eMBMS.

· Fixed size media unaware packetization makes partial object recovery more difficult
· A single FEC scheme is allowed as the FEC payload ID is also carried by source packets
We propose that the FEC building block be completely left out from the transport protocol. The packetization of media shall be flexible to enable alignment to media boundaries, partial recovery, quick access to received content, and usage of multiple FEC codes. 

The header length field is mainly used because of the variable length nature of the LCT header. However, variable length fields in the protocol header are usually considered as bad protocol design as it complicates the processing of the protocol packets and the memory requirements to do such processing. We propose that the protocol header be made of fixed size.

DASH over MBMS provides the presentation information of the media in the MPD. The transport protocol should provide timing information related to the delivery of the media. LCT enables the transmission of the sender current time as part of the LCT protocol header. This information can be used to synchronize clocks, calculate jitter, estimate segment availability time, etc. We propose that this timing field be mandated in the transport protocol.

Based on the prior analysis, the following protocol header and the header field semantics result:
 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   |FEC|        Res        |              SFI              |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                   Packet Sequence Number                      |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                     Sender Current Time                       |
|                                                               |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                 Transport Object Identifier                   |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

Version number (V): 4 bits

      Indicates the protocol version number. The version number for this specification is 0.
FEC: 2 bits

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. 
Sub-Flow Identifier (SFI): 16 bits

This field identifies a sub-flow in the protocol session. The mapping between the sub-flow and the actual objects carried by that sub-flow is provided by the session description or by a dedicated transport object.

Packet Sequence Number: 32 bits

This field identifies the packet sequence number of the current packet. The packet sequence number is scoped by the SFI field and shall be incremented by 1 for each new packet of the same sub-flow. The packet sequence number is used to identify lost packets and may be used by the FEC framework to construct the FEC source blocks. 

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.

Sender Current Time (SCT): 

      This timing information represents the current time at the sender at the time this packet was transmitted. The associated 64-bit time value provides an unsigned integer representing the time in seconds and second fractions as an NTP timestamp.
3 Conclusion and Proposal
We propose to accept the proposed changes to the transport protocol as the working assumption and build on that to define the protocol functionality and operation.
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