[bookmark: _Toc340113518]11	Other FEC Enhancements Scheme - Graceful Degradation (GD) - FEC
[bookmark: _Toc340113519]11.1	Introduction
During the work item on EMM-EFEC other technologies beyond pure codes were submitted. The technologies are documented in this section.
11.21	Graceful Degradation (GD) - FEC
11.2.1	Introduction
Graceful Degradation (GD)-FEC sub-layer is performed at the first process in Transport layer and directly applied for the received data from the Media layer. GD-FEC mechanism provides unequal error protection (UEP) technique that protects important parts of media bit stream(s) more strongly than others. FEC layer is located in the lower and next toat the RTP/RCTP or SRTP sections to fully protect the packets and headers generated in the upper sub-layers. GD-FEC sub-layer can may also be located in the upper and before to theabove FLUTE protocol layer when it used for DASH-based streaming service over FLUTE..

[bookmark: _Toc340113520]11.2.2	GD-FEC Operations and Requirements
When a system needs to supply a certain level of service quality for radio impaired mobiles that are suffered frequent burst losses in broadcasting, it may adopt GD-FEC and in this case, the system should inform all mobiles about the following information using in-band and/or out-band signalling:

· The kind of media data need that is to be protected by GD-FEC (e.g., audio, text, …) 
· The location of GD-FEC source and repair packets in the  source flows
· The GD-FEC format and encoded method

Among the whole media data, the amountThe portion of target the source data for protected by GD-FEC (referred to as target source) should be relatively small (e.g., audio data can be chosen for the target source, because the size of audio data is only typically below 10% of that of video data) so that the required amount of repair packets can be small. and wWith an enough amount of repair data, GD-FEC can may provide a strong media protection with a low burden in computational complexity.
In GD-FEC, the encoding delay introduced by the GD-FEC encoder may be increase, but may still be good enough for typical media coding systems., howeverHowever, for receivers ignoring the GD-FEC decoder system should not add promise a none or minimum additional decoding delay. Next section describes an example of GD-FEC implementation which fulfils these requirements. 
In fact, GD-FEC can be flexibly adopted as: Good receiving status mobiles can be configured to not use GD-FEC decoding, however, bad receiving status mobiles should may adopt use GD-FEC decoding repair packets when GD-FEC is deployed in media systems at the expense of possibly increased delay..

[bookmark: _Toc340113521]11.2.3	GD-FEC Encoding/Decoding Examples
This section describes an example of GD-FEC implementation which fulfils the requirements described in previous section. In this example, the audio packets are selected as the target source data for GD-FEC protection. 
There are two important terminologies for GD-FEC: Encoded multimedia data group (EMDG) and GD-FEC encoding group (GDEG) as shown in figure 11-1. EMDG is a packet group that contains a group of media data providing a certain amount of information (e.g., all media data in one picture frame unit). GDEG is defined as a group of L EMDGs where L=1, 2, … (ei.g., L=4 in figure 11-1).
[image: ]
Figure 11-1 – Encoded Multimedia Data Group (EMDG) and GD-FEC Encoding Group (GDEG)

It should be noted that, an important requirement for the GD-FEC described in previous section is the decoding delay of GD-FEC. Figure 11-2  shows none or minimum delay requirements for the GD-FEC decoding whereas enough delay is yielded in the GD-FEC encoding (in the case of L=4). 



Figure 11-2 – None or Minimum Delay GD-FEC Decoding Whereas Enough Delay Yielded by GD-FEC Encoding (e.g., L=4)

Another example of the low latency GD-FEC scheme is shown in Figure 11-3. In the figure, the duration of a GD-FEC encoding group is the same as that required to process a FLUTE segment file. With this alignment, an additional processing delay for the GD-FEC encoding is not required because it can be performed in the time slot of the FLUTE segment file process. Using the same reasoning, an additional processing delay for the GD-FEC decoding is also not required. The FLUTE segment packet units are smaller units than FLUTE file segments. Interleaving can be performed with these FLUTE segment packet units (e.g. predetermined random order sending). In the total streaming file for the FLUTE, the source data packets have headers and these headers are more important than others; furthermore, they can be GD-FEC target sources for stronger protection (e.g. UEP for the headers).



Figure 11-3. GD-FEC encoding delay aligned with the FLUTE segment file processing delay (e.g. the duration of the FLUTE file segment equals that of the GD-FEC encoding group).


[bookmark: _Toc340113522]11.2.4	Conclusion
Although the study of GD-FEC during the EMM-EFEC work item produced results that showed positive benefits in some use cases and environments, it was considered that this technology could not be adopted within a normative specification at this time. Further consideration of GD-FEC may be made during release 12 later releases onwards as a solution to various use cases including, but not limited to:

· Small segment delivery overed FLUTE cases
· Covered by the case of greater L  (e.g. L > 4)  cases
· Low latency for good covered mobiles and increased latency for UEs in worse coverage
· Fast start-up
· OTA (over the air) overheads
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