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1 Introduction

Improvements of MBMS are considered in the agreed Rel-12 work item “Enhanced MBMS Operation” (EMO) [1]. This documented discusses several potential issues of FLUTE, as defined in RFC6726 especially when used in combination with DASH as defined in TS26.247 and ISO/IEC 23009-1, and provides some possible enhancement potentials.
2 Potential Enhancements
The following list provides potential enhancements of FLUTE based on deployment experience:
1. Enhance FLUTE delivery of a sequence of related objects: Generally, if a sequence of objects is delivered, e.g. as a DASH Representation then this object flow contains static and dynamic information. The static information may be delivered ahead of time and the dynamic information may be delivered along with the object directly.
2. Minimize number of objects needed to receive to recover each portion of content: In particular for receiving an object, not only the object but also the FDT needs to be received. In a dynamic object generation environment such as live DASH, the avoidance of delivering FDTs along with each object avoids dependency problems.
3. Provide advance information to FLUTE receivers before objects sent/received: In certain cases some properties of the objects are know prior to the generation of the object. Providing this information to the receivers ahead of time allows more intelligent FLUTE receiver decisions and planning is possible. Specifically sending of known and static metadata of file objects once instead of repeatedly with each file increases the efficiency of file delivery by reducing the amount of overhead transmitted. Furthermore, predictability of time-varying metadata associated with file objects by the download delivery receiver, by using properties of those objects received in advance, enhances file delivery efficiency by not having to transmit that overhead continuously during the download delivery session.

4. An object or an object flow may be directly linked to an application, for example to a DASH Representation.
5. Enable chunk delivery/reception of objects. In case of live service where multimedia data is generated, this enables reduction  of sender latency independent of usage of FEC. In addition, receiver latency reduction may be achieved if FEC is not used at all of if later stall when FEC used is acceptable. Chunked delivery combines the advantages of packet-based streaming with object delivery with or without FEC.
6. Enable variable size source packets: Source packet boundaries can be aligned with underlying media structure boundaries if desired. This may improve chunked delivery and may also provide additional error resilience as error concealment may be simplified if only single access units are lost. 
7. Enable delivery of source content with no FEC semantics: In this case receivers that don’t implement/need/understand FEC can still receive the source stream. In addition, the same source stream can be easily mapped to multiple FEC configurations, e.g. different FEC schemes, different source block sizes, etc. This is in particular possible with systematic FEC codes such as the Raptor code defined TS26.346.
8. Enable FEC object bundling: Provide FEC protection over multiple objects, which can increase the efficiency of FEC protection.
9. Enable that delivered object contains all information of a complete HTTP GET response, i.e. the HTTP header and the HTTP GET response: In many cases the objects delivered through FLUTE are objects that are made available as resources on an http server/proxy/cache. FLUTE can very well be used to feed such HTTP caches, but it is preferable to have all information of a regular HTTP response included in the delivery of the object. Also objects may have certain live/availability times on caches. Signalling for this purpose may be necessary .
10. Add timing information to FLUTE delivery: FLUTE packets are time agnostic. By adding timing to FLUTE packets, this enables temporal measurements, e.g. for jitter or delay measurements.
11. Reuse current standards, especially FLUTE, as much as possible: For example, it should allow delivery of standard FLUTE objects in same session with FDTs if backward compatibility is necessary.
3 High-Level Design

Decomposition

In order to address an advanced object delivery environment addressing the potential enhancements above, Figure 1 provides a simple decomposition of different functions, namely:
· Advanced Object Delivery Protocol: This maps the objects into a sequence of packets of arbitrary size for each flow. This basically provides the equivalent functionalities of ALC/LCT and the generation of FLUTE-like packets and the mapping to objects.
· Advanced Object Delivery Signalling: This provides all information to signal flows, objects and enables the usage of the object flows in applications. This basically provides the functionalities of the FDT and possibly the USD in an MBMS download delivery service.
· Advanced Object Delivery FEC: Provide FEC protection for source flows of objects. This provides the FEC portion, for example a specific scheme. The FEC code itself may be independent.
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Figure 1 Advanced Object Delivery environment

Advanced Object Delivery Protocol

The three main functions that are provided by the advanced object delivery protocol are:
· Flow-association of objects on delivery level
· Proposal 1: split TOI in two sub-fields: Flow ID (FLID) and Object Sequence number (OSN)

· Proposal 2: Source flow declaration provided as part of FLUTE metadata, e.g. in USD of MBMS or other FLUTE related metadata.
· Chunked delivery and arbitrary packetization/fragmentation of object
· Desired properties: No dependency on FEC, Chunk delivery, variable packet size
· Proposal: Source Payload ID providing byte offset of the first source object byte carried in the packet.
· Enables time-stamping of delivery on packet level
· Proposal: Enable to add x byte of 64 bit NTP timestamp with x=0 ... 8. The time stamp expresses the sending time of the packet at the FLUTE sender.

Figure 2 shows a potential header compared to a FLUTE header for the object delivery framework.
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Figure 2 Advanced Object Delivery Protocol Header - Improved FLUTE Header
Advanced Object Delivery Signalling

The three main functions that are provided by the advanced object delivery signalling are:
· HTTP functional replication, enables to feed HTTP caches/proxies.
· HTTP object availability timing
· Provide signaling for flows of objects information
More details are tbd.
Advanced Object Delivery FEC
The three main functions that are provided by the advanced object delivery FEC are:
· Provide FEC protection for source flows of objects
· Provide FEC protection for bundles of objects
· Allow delivery of source objects independent of FEC
More details are tbd.
4 Next steps
Changing FLUTE may be a major step forward and the pros and cons of doing should be considered. However, in order to obtain a better support for the delivery of objects flows as available in DASH and to deliver timed media data, the definition of a new object delivery protocol may be justifiable as long as it is kept as close as possible to what FLUTE provides and possible use a new version of FLUTE to extend as proposed in this document.

In order to progress the work in SA4, a list of potential functional enhancements should be collected and agreed. Based on the list of functional improvements, the decision should be made if and how FLUTE is enhanced and to what extent backward-compatibility is maintained.
5 Proposal

It is proposed to add the section 2 as a list of potential enhancements to a newly created TR26.8xx that documents the EMO WID. In addition, the caveats in section 4 should be added in order to enable collecting ideas and requirements for potential enhancement of FLUTE.
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