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1 Introduction
At the SA4 video ad-hoc meeting in Lund, April 2004, the question of buffering handling for H.264 was raised. It was also clear that several possible solutions exist to solve this. This contribution discusses possible solutions and proposes a way forward.
2 Background

For the usage in PSS, the H.264 codec and its payload format will have access to three different H.264-specific buffers prior to decoding. These buffers are:

· The de-interleaving buffer of the RTP payload format, specified in functionality by [1].

· The Annex G buffer, as specified by TS 26.234 [2]

· The H.264 Hypothetical Reference Decoder (HRD) pre-decoder buffer.
A PSS receiver will also have buffer space dedicated to de-jitter operations. A PSS client supporting bit-rate adaptation will also have further buffer space for this. However these two last-mentioned buffers have no impact on the H.264 related buffers. 

The de-interleaving buffer is needed when H.264 data is received using the interleaved packetization mode of the RTP payload format. It is used to reorder packets from transmission order to the correct decoding order. The size of the required buffer space is explicitly signaled in SDP, prior to setup of the session. In addition in order to guarantee that the correct order is recovered, it is also necessary to provide the "interleaving-depth" parameter, which specifies the number of H.264 NALUs that will be needed to buffer. In addition either or both of the parameters "init-buf-time" and "max-don-diff" can also be specified to optimize the de-interleaving operation. 

"init-buf-time" presents the receiver with the minimal time necessary to buffer initially when starting to receive a stream, to be certain that the order can be recovered. This parameter has very similar properties to the Annex G "initpredecbufperiod". It assumes constant delay and transmission bit-rate. Thus when combined with bit-rate adaptation, it will only provide a rough hint, as the actual delay necessary can be both longer and shorter depending on available transport bit-rate and content. Then the "max-don-diff" is a more interesting parameter as this provides a receiver with a clear indication when it can release a packet although the full possible interleaving depth is not utilized by the sender. It specifies the largest difference in decoding order number (DON) that ever will be used. The DON space is possible to be used in a sparse fashion, leaving some DON numbers unutilized. Thus one can define the max-don-diff to be 200, when a receiver gets a new packet with a DON, he can compare this against the lowest DON in the buffer. If that DON is more than 200 less than the latest, that packet shall be release for decoding. Therefore a variable need of interleaving can still be meet, while ensuring that even random seeks work, avoiding the need to for updating any parameters a seek point. 

The Annex G and HRD pre-decoder buffers are for the same purpose: allowing for bit-rate smoothing. Thus allowing temporarily higher bit-rates to be consumed by the decoder. Therefore, it will suffice with either of these buffers, and it becomes a matter of choosing between them.

Annex G has the advantage of being allowed for all video codecs in PSS. The necessary reliable signaling attributes (in SDP and RTSP) are already in place for PSS. The disadvantage is that it is only optional to support. 

The HRD pre-decoder buffer, has the advantage of being part of the codec. A disadvantage is that no reliable signaling of initial buffering delay is defined, only transfer with the buffering SEI NALU is available. 

3 Proposal

Ericsson proposes that for H.264 the following buffering principles shall be used:

· The RTP de-interleaving buffer shall not use "init-buf-time", but instead rely on "max-don-diff" and "interleaving-depth". 

· Annex G is used by H.264 for the purpose of bit-rate smoothing and is mandatory to implement for any receiver supporting H.264 decoding in PSS.

· The HRD pre-decoder buffer is assigned a fixed initial buffering delay of 0 seconds.
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