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1 Introduction

Input contribution S4-040247 proposes that the redundant slices feature of H.264/AVC is disallowed in packet-switched conversation (PSC) service and 3G-324M. S4-040247 made us realize that the information we have given to support our proposal for H.264/AVC features for 3GPP multimedia services (input contribution S4-040048 “Grounds for Nokia’s AVC Proposal”) was incomplete when it comes to the use of the redundant slices feature in conversational services. This contribution gives more information on the use of the redundant slices feature and proposes the feature is allowed in PSC, 3G-324M, PSS, and MBMS.

2 Redundant Slices

2.1 Fundamentals of H.264/AVC Redundant Slices

A redundant coded picture is a redundant coded representation of a primary coded picture. Each primary coded picture may be associated with zero or more redundant coded pictures that are all included in the same H.264/AVC access unit. NAL units of redundant coded pictures included in an access unit, if any, succeed the NAL units of the corresponding primary coded picture in decoding order. A redundant picture may not contain all the macroblocks of the picture area (and it must not contain multiple coded representations of the same macroblock). After decoding, the region represented by a redundant coded picture should be similar as the same region represented by the corresponding primary coded picture. Note that a redundant coded picture is typically a different coded representation of the same picture contents than the corresponding primary coded picture. For example, the reference pictures for inter prediction may be different.
Redundant coded pictures can be applied to control transmission errors in the following way: if a region represented in a primary coded picture is lost or corrupted due to transmission errors, a correctly received redundant picture containing the same region can be used to reconstruct the region. Thus, redundant slices provide a mechanism to protect important pictures or parts of pictures unequally. 

As error concealment is out of the scope of the H.264/AVC standard, no decoding process for redundant slices have been specified in the H.264/AVC standard (but rather only syntax and semantics are specified). Thus, standard-compliant decoders are not required to decode redundant slices. 

There are two fundamental reasons why redundant slices improve error resilience:

1. When a primary coded picture is corrupted, the corresponding redundant coded picture may be used to recover the corrupted content. As slices of a primary coded picture are  not likely to be encapsulated in the same transport packet as slices of the corresponding redundant coded picture, it is not very probable that both of them get corrupted.

2. The inter-prediction reference pictures for redundant coded slices may differ from the ones of the corresponding primary coded picture. Thus, if some of the reference pictures for a primary coded picture are corrupted, there may be a corresponding redundant coded picture whose reference pictures are successfully decoded.

2.2 History

Redundant pictures were introduced in H.263 Reference Picture Selection Mode (Annex N) as a mandatory feature (i.e., semantics and decoding process for redundant pictures is specified) of the mode. Later on, the feature was also included in the H.263 Enhanced Reference Picture Selection Mode (Annex U). As the feature was found useful in H.263, it was also incorporated to H.264/AVC and enhanced with the possibility to have redundant coded pictures that do not cover the entire picture area (see section 2.3.3 for motivation).

2.3 Some Use Cases of Redundant Slices

2.3.1 Video Redundancy Coding

Video redundancy coding, proposed initially in [1], is an arrangement where a sequence of pictures is divided into two or more independently coded threads in an interleaved manner. Figure 1 shows an example of a bitstream with two threads according to the video redundancy coding scheme. The arrows in this and all the subsequent figures indicate the source of inter prediction, boxes indicate coded pictures, abbreviations in the boxes indicate the picture coding type (I = intra, P = inter, RP = redundant coded inter picture), the values in the boxes indicate the value of the frame_num syntax element (i.e., the decoding order), and output order runs from left to right.
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Figure 1. An example of two-thread video redundancy coding.
Video redundancy coding is primarily targeted for real-time services over error-prone networks. If one of the threads is corrupted while the rest of the threads are received correctly, the end-user only notices a drop in the picture rate (rather than corrupted picture contents as in conventional inter-prediction coding schemes). From time to time, the encoder sends multiple encodings of the same original picture (herein, a sync access unit), one primary encoded picture and corresponding redundant coded pictures for the rest of the threads. If a primary coded picture is not received or if any of its reference picture are corrupted, the decoder can decode any corresponding redundant coded picture (whose reference pictures for inter prediction are correct in content). Consequently, it is likely that temporal error propagation stops in sync access unit and full picture rate can be reached.

Video redundancy coding is helpful especially if no feedback from receiver to originator is possible. If feedback is possible, video redundancy coding helps to overcome the fact that it takes at least one round-trip delay to correct picture contents. While a correction request and a response to it are on their way, the receiver can decode and play the correctly received threads.

2.3.2 Other Techniques which Shorten Inter Prediction Chains

In addition to video redundancy coding, it is possible to create other types of “patterns of group-of-pictures (GOP)” where selected pictures are coded multiple times to stop error propagation efficiently. An example of such GOP pattern is given in Figure 2. Simulation results falling into this category of techniques have been presented in [2] (a draft also available as Annex D of input contribution S4-040048). The results show that redundant pictures improve error resilience compared to intra macroblock refresh.
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Figure 2. Example of unequal protection of some pictures.
2.3.3 Protection of Regions of Interest

As a redundant coded picture may contain only a part of the macroblocks of the entire picture area, it is possible to encode only certain areas of selected pictures as redundant slices. Therefore, these regions of interest are protected stronger against transmission errors compared to the rest of the coded picture area.

2.4 Implications on Delay

Having good error resilience requires insertion of redundancy to the transmitted stream. There are many types of redundancy the transmitter can use including insertion of regular intra pictures, intra macroblock refresh, and FEC. Redundant slices provides an complementary alternative to the existing techniques. As all the techniques insert redundancy to the stream, it is not obvious to us why redundant slices would increase delay. It is up to the bitrate control algorithm of video encoders to decide the bitrate budget for individual access units, and access units including redundant coded slices may not be bigger than access units including intra-coded macroblocks for refreshing the picture.

Redundant coded slices follow the NAL units of the corresponding primary coded picture in decoding order. The transmission order of NAL units is required to be the same as their decoding order in PSC and 3G-324M. Therefore, decoders can decode slices of the primary coded picture as soon as they are available and display the primary coded picture immediately before receiving any corresponding redundant coded slices.

3 Conclusions

We propose that the redundant slices feature is allowed in PSC, 3G-324M, PSS, and MBMS, because

· Both encoding and decoding of redundant slices are optional, and therefore the feature does not require any implementation burden.

· The redundant slices feature established a position in video coding standards already in H.263 and was found such useful that it was included in H.264/AVC too.

· It has shown to improve error resilience in these application domains. There are simulations in which redundant slices have proven to outperform intra macroblock refresh in terms of compression efficiency / quality when identical bitrates for both techniques have been used.

· Redundant slices do not imply greater delays compared to streams without them, but rather the required encoding and decoding delay depend on the implementation.
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