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1 Introduction
eMBMS offers a broadcast channel that is, similarly to other broadcast channels, error prone. RTP-based streaming over eMBMS relies on the FEC Framework to combat errors but also ensures that any correctly received packet is delivered to the application and will potentially get used. This is achieved through creating self-contained RTP packets that minimize dependencies on other RTP packets. For instance an RTP packet will contain a single audio frame or a single video data unit (NAL unit). 
The download method is focused on complete and reliable file delivery. Procedures have been devised to achieve this goal. The FEC Building block is used in a long interleaving configuration to attain maximum protection. In addition, file repair procedures have been put in place to recover from any residual loss and reconstruct the complete transport object.

Streaming applications are usually delay critical but loss-tolerant, this is especially true in the context of broadcast and linear TV, as users expect similar delays across different channels (e.g. regular TV broadcast and mobile broadcast). In such cases, the priority becomes to ensure that every single correctly received packet is used by the application instead of ensuring full object recovery. 
In this contribution, we describe how partial error recovery of MP4 files and DASH media segments may be achieved. We introduce a new LCT header extension to support partial recovery at the receiver side. This procedure is applicable for both progressive download and DASH streaming over eMBMS.
2 Partial Object Recovery
In this section, we are only interested in the recovery of ISOBMFF-based files, as used in progressive download and DASH segments. A DASH media segment may contain 1 or more movie fragments. A progressive download file usually contains many movie fragments. 
At the receiver, the following steps are performed:

1.
Receive LCT packet

2.
Check if (TSI, TOI) correspond to transport object that is of interest to the application.

3.
Place packet payload in an object map for the corresponding source block number

4.
Perform FEC decoding 
5.
If the transport object has been recovered correctly, extract the file and pass it to the application
6.
If the transport object has not been recovered correctly

a.
traverse object map to detect movie fragment boundaries. This can be performed by examining the ISOBMFF header extension proposed in section 3. 
b.
For each detected movie header, detect which samples have been affected by packet loss

c.
remove samples that are completely lost and decide based on the media type whether to completely remove a sample or keep it if at least one of its sub-samples are lost. 

d.
adjust the information in every trun box to reflect the removed or reduced size samples.
e.
remove movie fragments for which the “moof” box could not be recovered

For progressive download applications and DASH applications where segments contain more than one movie fragment, the partial error recovery is performed periodically instead of for the whole transport object.

Note that partial object recovery is not possible when Content Encoding is applied.

The error recovery procedure is depicted in the following figure:
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Figure 1 Partial Recovery
3 ISOBMFF Header Extension
LCT forsees a method to extend LCT headers in a backwards compatible manner. To enable partial recovery of ISOBMFF based files, an ISOBMFF header extension EXT_ISO is defined. The header extension is defined as a variable-length header extension with Header Extension Type (HET) equal to 127. 
            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=127   |        HEL      | Type|       Reserved=0        |

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

|                  movie fragment sequence number               |

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

|                         sample number                         |

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|                           offset                              |

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
Table 1 EXT_ISO header extension
The EXT_ISO contains the information that is necessary to partially recover a movie fragment. The type of the data unit that is included in the payload of the LCT packet may take one of the values in the following table;

	Type
	Description

	0
	The payload contains a moov box.

	1
	The payload contains a moof box.

	2
	The payload contains media data and none of the above.


The movie fragment sequence number becomes useful when a set of consecutive movie fragments is lost and the media units cannot be assigned to the correct movie fragment.
The sample number represents the number of the sample in the movie fragment with the movie fragment sequence number. 

The offset field indicates the offset of the current media unit inside the sample with the indicated sample number. This is applicable for samples that contain more than one sub-sample.
4 Conclusion and Proposal
We propose to adopt the new EXT_ISO header extension and the partial recovery procedure to the TR.
