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1. Introduction

In [1] and [2], we proposed a hybrid-padding approach for efficient source blocking of variable size media RTP packets for RS encoding and decoding. In this document we propose the necessary signaling to support the hybrid-padding approach and simple padding approach. In addition, we discuss some considerations for in-band signaling of FEC parameters (N, K) and PT multiplexing.

2. Hybrid-Padding

The following figure illustrates the hybrid-padding approach. A, B, C, D, E denote source symbols belonging to five different media-RTP packets. P denotes padding symbol. F1, F2, F3 denote parity/FEC symbols belonging to 5 different FEC packets.

A B C C C D D E F1 F2 F3 

A B C C C D D E F1 F2 F3 

A B C C C D D E F1 F2 F3 

A B C C P D D E F1 F2 F3 

A P C C P D P E F1 F2 F3 

P P C C P D P E F1 F2 F3 

P P C C P D P P F1 F2 F3 

3. Signalling to support Hybrid-Padding

The receiver needs to have enough information to form the source/fec block for FEC decoding. 

The FEC payload ID shall include all necessary information to form the decoding block at the receiver. 

The source block number can be used to signal the encoding block to which the media/FEC RTP packet belongs. The source sequence number base (the sequence number of the first media-RTP packet in the encoding block) also might be used as an alternative to source block number. The objective is to identify the encoding block to which the RTP packet belongs.

The starting column number of each media-RTP packet in the encoding block needs to be signalled so that the receiver can arrange the received RTP packet at the right place in the encoding block. This field needs at most one octet because, for practical purposes, the total number of columns shall not exceed 255 for RS codes.

When a missing packet with hybrid padding is recovered by FEC decoding, there is no way of recognizing the end of that packet without additional signalling. This is facilitated by the use of the field “PacketLength” in the media-RTP packets only. This field is not necessary in FEC-RTP packets because they are not required after FEC decoding phase.

The “Number of rows” in the encoding block also needs to be signalled.

The parameters N and K also need to be signalled, because this scheme results in variable N, K for each encoding block, depending on the packet length distribution.

These three parameters are required for attempting an RS-decoding. If no FEC-RTP packets are received, then RS-decoding is impossible. So the three fields “N, K and Number of rows” can be signalled in FEC-RTP packets only.

To summarize,

The FEC Payload ID of media-RTP packets shall include the following three fields:

1. Source block number, 

2. PacketLength, 

3. The starting column number.

The FEC Payload ID of FEC-RTP packets shall include the following five fields:

1. Source block number, 

2. N,

3. K,

4. The starting column number,

5. Number of rows.

Figure 1a and 1b describe the formats of media-RTP packet and FEC-RTP packet that contain essential fields to support hybrid padding.
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4. PT Multiplexing and SDP usage 

The source-RTP packets and FEC-RTP packets may be sent in the same RTP session using PT-multiplexing.This approach avoids the use of an additional port for FEC of each media. 

We do not need to consider backward compatibility issues associated with the use of single RTP session for multiplexing media-RTP packets and FEC-RTP packets. This is because there are no existing implementations of 3GPP MBMS. Any implementation that supports 3GPP MBMS shall support simple PT multiplexing.

Dynamic payload types are used for FEC-RTP packets. The association between the PT of a source-RTP packets and the PT of the associated FEC-RTP packets is signaled in the SDP file as illustrated in the following example:

m=audio
49232
RTP/AVP
96
97

a=rtpmap:96
AMR/8000

a=rtpmap:97
myfec/8000

m=video
49234
RTP/AVP
98
99

a=rtpmap:98
MP4V-ES/90000

a=rtpmap:99
myfec/90000

5. Receiver Behaviour for hybrid padding

FEC Supporting Receiver

The receiver needs to collect the source-RTP packets and associated FEC-RTP packets for each block before their TS expires. If any source-RTP packets are missing, FEC-decoding is used for recovering them. The following gives details of an implementation to do the same:

· Read the RTP stream from the designated port.

· From SDP file, the receiver knows the PT values “sourcePT” and “fecPT” used to signal the PT value of source-RTP packets and the associated FEC-RTP packets of a media.

· Read the PT field and compare it with sourcePT and fecPT.

· If PT = fecPT, store it in the fec-RTP packet buffer.

· If PT = sourcePT, store it in the fec-RTP packet buffer.

· Read the SBN, N, K and ‘Number of Rows’ fields of the first packet in the FEC-RTP packet buffer.

· Set Length of source block column = ‘Number of Rows’

· Form the source block using all available source-RTP packets and FEC-RTP packets that share the same SBN. Use the field “Starting Column Number” to place the RTP packets into the source block columns. Zero-pad the columns if necessary.

· Check for any missing columns in the source block corresponding to the  

media-RTP packets.  

· If there are no missing source columns 

· FEC decoding is not necessary.

· Clear the source-RTP packets from the buffer for consumption.

· Clear the FEC-RTP packets from the buffer.

· If there are missing source columns

· FEC decoding is necessary.

· FEC decode if enough columns (atleast K) are available in the block.

· Clear the source-RTP packets from the buffer for media decoding and playout.

· Clear the FEC-RTP packets from the buffer.

FEC Non-Supporting Receiver

· Read the RTP stream from the designated port.

· Read the PT field of each packet and compare it with sourcePT and fecPT.

· If PT = fecPT, simply discard the packet.

· If PT = sourcePT, pass it on to the next stage for source decoding /presentation.

6. Simple-Padding

When the variance in media-RTP packets is very low, we can also use simple padding for source blocking. We believe that in most of the cases, modern media encoders (that are network aware) can generate rather constant size packets. Therefore, the cost of any possible padding is minimal. When simple padding is used, the signaling is significantly reduced. In particular, the media-RTP packets do not need any additional FEC Payload ID [3] or tagging. In this section, we propose an efficient signaling to support RS codes with simple padding.

The K source-RTP packets to be FEC encoded are arraged in K columns to form the source-block as shown in Figure 2. The smaller source-RTP packets are zero-padded up to the length of the largest source-RTP packet in the source-block. 
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Figure 2: Source Blockingvia simple padding for FEC Encoding of RTP packets for MBMS streaming

The payloads of (N-K) FEC-RTP packets are computed by applying systematic FEC across the columns of the source-block. (N-K) FEC-RTP packets are formed by appending FEC-RTP header and the FEC payload header to each FEC column as shown in Figure 2. The format of the resulting FEC-RTP packet is shown in Figure 3.
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Figure 3: The format of FEC-RTP packet

All FEC-RTP packets that belong to a block have the same SSNB value. 

If one FEC-RTP packet is received, then the associated RTP packets consist of all source-RTP packets that have their SN in the range of [SSNB, SSNB+K] and all FEC-RTP packets that have their SNs in the range of [SSNB+K+1, SSNB+N). This is shown in Figure 4.
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Figure 4: The sequence numbers of source-RTP packets and FEC-RTP packets in a block

Thus all associated RTP packets (both source and FEC) can be identified as soon as a single FEC-RTP packet is received. If any K of the N total RTP packets in a block are available, then decoding will be successful. If no FEC-RTP packet belonging to a certain block is received, then FEC decoding is impossible; hence the knowledge of associated RTP packets for that block is not needed.

7. Receiver Behaviour for simple padding

FEC Supporting Receiver

The receiver needs to collect the source-RTP packets and associated FEC-RTP packets for each block before their TS expires. If any source-RTP packets are missing, FEC-decoding is used for recovering them. The following gives details of an implementation to do the same:

· Read the RTP stream from the designated port.

· From SDP file, the receiver knows the PT values “sourcePT” and “fecPT” used to signal the PT value of source-RTP packets and the associated FEC-RTP packets of a media.

· Read the PT field and compare it with sourcePT and fecPT.

· If PT = fecPT, store it in the fec-RTP packet buffer.

· If PT = sourcePT, store it in the fec-RTP packet buffer.

· Read the SSNB, N and K fields of the first packet in the FEC-RTP packet buffer.

· Check for any break in the source-RTP packet SN series in the range of 

[SSNB, SSNB+K]. 

· If there is no break in SN in the above range, 

· FEC decoding is not necessary.

· Clear the source-RTP packets from the buffer for consumption.

· Clear the FEC-RTP packets from the buffer.

· If there is a break in the SN in the above range, 

· FEC decoding is necessary.

· Form the block for FEC decoding:

· Collect all source-RTP packets with SN in the range [SSNB, SSNB+K] and all FEC-RTP packets with SN in the range [SSNB+K, SSNB+N-K].

· Pad all shorter source-RTP packets to make their length equal to the FEC-RTP packet size.

· FEC decode if enough packets are available in the block.

· Clear the source-RTP packets from the buffer for media decoding and playout.

· Clear the FEC-RTP packets from the buffer.

FEC Non-Supporting Receiver

· Read the RTP stream from the designated port.

· Read the PT field of each packet and compare it with sourcePT and fecPT.

· If PT = fecPT, simply discard the packet.

· If PT = sourcePT, pass it on to the next stage for source decoding /presentation.

8. In-band signaling of N and K 
In both hybrid-padding and simple padding approaches for source blocking, we proposed in-  band signaling of N and K. In addition to supporting efficient source blocking, in-band signaling provides greater flexibility for FEC encoder.

The FEC parameters N and K may be changed from source block to source block. These values   may be included in the FEC Payload ID of the FEC packets:

· N and K need not be fixed for an entire streaming session. The server may decide to change the amount of FEC protection (and hence N and K) based on network conditions. The network conditions may be assessed in real-time either by limited feedback from network elements or from designated sensors.

· The server may decide to apply little/no protection to packets formed from non-reference frames. This in-band signaling provides a simple means for unequal error protection.

· N and K can also be used to align the FEC framing with the media framing, which can reduce the startup delay significantly for streaming.  
9. Conclusions

In this document, we proposed efficient signaling of parameters to support hybrid padding and simple padding for applying RS codes for MBMS streaming services.

When packet-length variation is small, simple padding may be used. When packet length variation is large, hybrid padding may be used.

In both source-blocking algorithms, in-band signaling of N and K is required. It also provides greater flexibility for FEC encoder.

Simple PT multiplexing can be used for sending media-RTP packets and FEC-RTP packets in the same stream, without the necessity for additional ports.

We propose that the signaling mechanism in this document be accepted for the design of the FEC payload format for MBMS streaming.
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