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1. Introduction

3GPP rate adaptation signalling as defined in [1] is based on feedback sent from the receiver to the sender in the form of an RTCP APP packet. This packet includes the sequence number (SN) of the oldest packet in the receiver buffer. This SN is referred to as OBSN (oldest buffered sequence number).

The signalling of the OBSN allows the sender to perform the necessary adaptation. However, in the case of AVC codec, the decoding order and the transmission order are different in the interleaved mode [2]. Interleaving is possible through the DON signalling. When the DON is used, the sender may not be able to derive the status of the buffer through the OBSN signalling. 

2.
DON signalling

The problem with OBSN signalling in the case of AVC with DON, is hereafter illustrated assuming that the server transmits a series of packets whose RTP sequence numbers are denoted SN, SN+1, SN+2, SN+3,…..

We assume, for the sake of simplicity, that a single NAL is sent in each of this packet (i.e. no NAL aggregation is used) and that the DON is incremented by one for each new NAL (the DON may increase by a higher value and may thus be sparse).

Below is an example of a list of packets with their sequence numbers and their corresponding DON values:

SN,DON

SN+1, DON+1

SN+2, DON+2

SN+3, DON+3

SN+4, DON+100

SN+5, DON+101

SN+6, DON+4

SN+7, DON+5

|

|

SN+101, DON+99

SN+102, DON+102

From packets SN to packet SN+3, the decoding order matches the sequence number order. However, this is not the case for packets SN+4 and SN+5. Packets SN+4 and SN+5 may for example be two packets of a frame that will be decoded only well in the future.

Let’s now look at the evolution of the receiver buffer. Let's assume that at a given time, the receiver has received packets SN, SN+1, SN+2, SN+3. The OBSN is SN (the oldest sequence number in the buffer) and the highest received sequence number (HSN) signalled in RTCP RR report is SN+3. 

Let’s now suppose that as time progresses, packet of sequence number SN has been decoded and SN+4 has been received, the server will then signal OBSN=SN+1 (the new oldest SN) and HSN=SN+4 (the new most recent SN received).

As time further progresses, let’s assume that SN+1, SN+2 and SN+3 have been played and say SN+5, SN+6, and SN+7 have been received, the state of the buffer is SN+4,SN+5,SN+6,SN+7, i.e.  OBSN=SN+4 and HSN=SN+7.

The problem is that since SN+5 and the following packets have a smaller decoding order number than SN+4, this packet is going to stay in the buffer and tus OBSN is going to remain SN+4. OBSN will be updated only when packet SN+102 is received. The sender will thus lose track of the receiver buffer status as OBSN is not updated with the decoding and removal of packets from the receiver buffer.

We propose to solve this problem by signalling instead of the oldest buffered sequence number (OBSN), the DON of the next NAL to be decoded (call this NDON). Such signalling will allow the sender to derive the correct status of the receiver buffer. Let’s illustrate this through the example presented in the above problem section. 

Going back to the above example, when packets SN+4, SN+5, SN+6 and SN+7 have been received, their respective decoding order will be DON+100, DON+101, DON+4 and DON+5

The next packet to be decoded should thus be SN+6 since it has the smallest DON value. The receiver will thus signal NDON=DON+101. The receiver as always also reports in the RCTP the highest sequence number received HSN=SN+7 since this is the latest received sequence number. 

The sender will thus be able to get an accurate estimation of which packets are in the receiver buffer because it can keep a list of the sent sequence numbers and DONs of the packets it sends. 
The sender can reconstruct the list of NALs in the receiver buffer, by looking up in its list of sent packets all the NALs such that: 1)the decoding order as signalled by the DON is higher than the decoding number that maps to the signalled NDON and 2)the sequence number of their RTP packet is smaller than the highest sequence number received (HSN).

We assumed in this example that a single NAL per packet is sent and that the DON was incremented by one. However, it should be apparent that the proposed receiver signalling and sender rule to derive the receiver buffer status work in any case.

Note: if DON is not used, the OBSN should be signalled as usual. Packets with DON and without DON cannot be mixed, so no ambiguity is possible so as to whether the receiver is reporting the oldest buffered sequence number (OBSN) or the next DON to be decoded (NDON).

4.
Conclusion

This contribution proposes that for the AVC codec used with DON, the OBSN field be set to the next DON value to be decoded and that such usage be specified in [1].
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