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1. Abstract

In working document on application layer error recovery mechanisms for IPTV (FG IPTV-DOC-0120), Retransmission, FEC (Forward Error Correction), and hybrid are introduced as known mechanisms for error recovery. Every error recovery technique is applicable to special scenario and different layer. In this contribution, application layer is described definitely, and some other application layer error recovery mechanisms are introduced, including interleaved mode, video error resilience techniques, etc. 
2. Discussion
2.1 The description of application layer

All the layers up the bearer network can be called by application layer. For internet network, application layer is divided into multiple layers, as followed:

[image: image1]
Figure 1: Hierarchy of application layer
ARQ is used to RTP layer.

AL-FEC is adaptable to UDP layer and transmitted protocols layer.
2.2 The introduction of other application layer reliability mechanisms:

2.2.1 Interleaved mode:

For some types of media data, such as AVC video and MPEG-4 audio, interleaved mode is used when packing. This scheme can be used to Media encapsulated layer, especially RTP encapsulation and  allows better error resiliency to packet loss just for a modest cost in latency and implementation complexity.
On a LAN with a 1500 octet MTU size, audio frame size is relatively short. To make use of bandwidth effectively, it is frequent to carry multiple audio frames in one RTP packet. On this condition, loss of such a packet can result in a "decoding gap" for the user. To interleave the audio frames into the RTP packets can alleviate this problem. Similarly，loss of a packet including several sequential coded pictures would bring on serious decrease for visual quality. The slices from several pictures, what are not spatially adjacent in the same picture or not spatially overlapping in the different picture, can be interleaved into one packet. If such a packet loses, concealment of the lost slice is likely to be successful.

Correlative information is as followed:
· IETF RFC3984 [RTP Payload Format for H.264 Video]

This mode (6.4 Interleaved Mode) is in use when the value of the OPTIONAL packetization-mode. MIME parameter is equal to 2 or the mode is turned on by external means.  Some receivers MAY support this mode.  STAP-Bs, MTAPs, FU-As, and FU-Bs MAY be used.  STAP-As and single NAL unit packets MUST NOT be used.  The transmission order of packets and NAL units is constrained as specified in section 5.5.

The VCL encoder codes the source picture so that all macroblocks (MBs) of one MB line are assigned to one slice.  All slices with even MB row addresses are combined into one STAP, and all slices with odd MB row addresses into another. Those STAPs are transmitted as RTP packets.
Moreover, example use cases for efficient multi-picture slice interleaving and for robust packet scheduling are given in sections 13.2 and 13.3, respectively. Section 13.4 describes the benefits of the DON concept in error resiliency achieved by redundant coded pictures. 
· IETF RFC3640 [RTP Payload Format for Transport of MPEG-4 Elementary Streams]

When an RTP packet carries a contiguous sequence of Access Units, the loss of such a packet can result in a "decoding gap" for the user. One method of alleviating this problem is to allow for the Access Units to be interleaved in the RTP packets.  For a modest cost in latency and implementation complexity, significant error resiliency to packet loss can be achieved.

To support optional interleaving of Access Units, this payload format allows for index information to be sent for each Access Unit. After informing receivers about buffer resources to allocate for de-interleaving, the RTP sender is free to choose the interleaving pattern without propagating this information a priori to the receiver(s).  Indeed, the sender could dynamically adjust the interleaving pattern based on the Access Unit size, error rates, etc. The RTP receiver does not need to know the interleaving pattern used; it only needs to extract the index information of the Access Unit and insert the Access Unit into the appropriate sequence in the decoding or rendering queue. 
2.2.2 Video Error Resilience Technique

The problem of error resilience in compressed video communication is becoming increasingly important because of the growing requirement of QOE (Quality of Experience) while there being packets loss in delivery over IP. For example, ITU Recommendation H.264 (AVC) applies some error resilience mechanisms, such as FMO, RS, etc [3]. Furthermore, some video coding support long term reference pictures or similar mechanism, that allows the use of an earlier than the last transmitted picture to serve as the reference picture for inter-picture prediction. Based on this mechanism, some error resilience techniques are developed that make compressed video data has more and more anti-error abilities. Among that, Core Reference Picture Selection has lower implementation complexity while better effect.
The principle of the Core Reference Picture Selection technique is that after the first encoded intra picture, some core reference pictures are inserted in the video sequence. The core reference pictures should be encoded by inter-prediction. Being different from common inter-prediction frame, the current core reference picture can choose one picture among I frame and core reference pictures before it as its reference picture. Which specific picture being chosen lies on that what strategy is used. The minimum distortion cost judged by rate-distortion optimized framework or fixed core reference picture intervals is used. If the back channel exits, decoder can feed back received status that is helpful for encoder to judge which I frames and core reference pictures are correctly transmitted, and the reference picture for the core reference picture is selected adaptively.
Compared with inserting I frame, Core Reference Picture Selection provides a more effective error resilient method while produces less bandwidth jitter. Because the core reference pictures can be coded at short intervals, such as several coding per second, core reference picture can reconstruct the right picture quickly and reduce the error propagation caused by packets loss.
3. Proposal
3.1 Part 2.1 could be accepted as the description of application layer and be put into Section 8 of FG IPTV-DOC-0120.

3.2 The mechanisms introduced in Part 2.2 could be added to document as some of error recovery mechanisms of application layer reliability, as well as ARQ and FEC.
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