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Abstract

This proposal describes modifications to the VCL data partitioning syntax and the corresponding NAL packetization process to enable flexible data partitioning, which is essential to supporting video communication applications over diverse packet-lossy networks. The proposed changes are backward compatible with the current specifications. A simplified partitioning framework that eliminates decoding complexity overhead and reduces bit rate overhead is also proposed.

Introduction

The current data partitioning syntax in the video coding layer provides little flexibility in partitioning ratio. The NAL specification restricts the partitioning ratio even further by always putting fixed partitions into two packets (layers). Fixed partitioning does not fit well with the diverse unequal error protection capability provided by different networks. Fixed partitioning also disallows rate-distortion optimization of base layer video quality. 

An example for which the current data partitioning framework doesn’t work well is video streaming over wireless LAN such as 802.11b or 802.11a, which is becoming increasingly important. Over such a wireless channel, packet loss occurs, especially with interference or other traffic sharing the same channel. However, the MAC layer and the application layer can provide unequal error protection to certain packets to guarantee their timely arrival. Sufficient bits should be allocated to the base layer to guarantee the minimal video quality even under severe channel conditions due to competing traffic or interferences, and the exact amount of bit allocation for base layer should be optimized based on the characteristics of channel degradation (packet loss ratio, throughput drop, burst length, etc). Therefore, a more flexible data partitioning scheme is needed to meet the various design constraints. An overly low fixed partition ratio will result in under-utilization of the UEP capability of the underlying network. 

We propose modifications to the VCL syntax and the NAL packetization process to allow flexible partitioning. We also propose a simplified partitioning framework similar to that of MPEG-2 to eliminate decoding complexity overhead and reduce bit rate overhead.
Modification of VCL

Currently, there are 8 partition types in the VCL:

TYPE_HEADER

TYPE_MBHEADER

TYPE_MVD

TYPE_CBP

TYPE_2x2DC

TYPE_COEFF_Y

TYPE_COEFF_Y

TYPE_EOS

To maintain backward compatibility with the current specification, we propose to keep this mode as is and refer to it as Partition Mode One. 

In partition Mode Two, i.e., flexible DCT partitioning, we break TYPE_COEFF_Y and TYPE_COEFF_C into two partitions, respectively:

TYPE_COEFF_Y_L

TYPE_COEFF_Y_H

TYPE_COEFF_C_L

TYPE_COEFF_C_H

We add a new 8-bit field, packetization boundary indicator (PBI), to the end of TYPE_HEADER. The PBI field is further divided into three sub-fields: packetization break point (PBP) (2 bits), which indicates the partition after which the first packet should break; partition type (PT)  (1 bit), which is set to 0, with 1 being reserved; and DCT break point (DBP) (5 bits), which is the index of the first DCT run-length VLC pair in TYPE_COEFF_Y(C)_H (the boundary between TYPE_COEFF_X_L and TYPE_COEFF_X_H). Table 1 illustrates the composition of the PBI field.

	Sub-field
	Width
	Interpretation

	Packetization break point (PBP)
	2
	0
	Break after TYPE_MVD

	
	
	1
	Break after TYPE_CBP

	
	
	2
	Break after TYPE_2x2DC

	
	
	3
	Reserved

	Partition type (PT)
	1
	0
	Regular

	
	
	1
	Reserved

	DCT break point (DBP)
	5
	Index of first run-length pair in TYPE_COEFF_X_H


Table 1. Sub-fields of packetization breaking indicator (PBI)

The partitions are now arranged as follows:

TYPE_HEADER (ending with PBI field)

TYPE_MBHEADER

TYPE_MVD

TYPE_CBP

TYPE_2x2DC

TYPE_COEFF_Y_L

TYPE_COEFF_C_L

TYPE_COEFF_Y_H

TYPE_COEFF_C_H

TYPE_EOS
Overhead in bit rate is 8 bits per slice.

Modification of NAL Packetization Process
The packetization process has two modes depending on whether the TYPE_HEADER partition ends with a PBI field or not. If not, packetization is unchanged from the current specification. We refer to this as Packetization Mode One. The composition of the resulting two packets is as follows.   

Packet One

TYPE_HEADER (without PBI field)

TYPE_MBHEADER

TYPE_MVD

Packet Two

TYPE_CBP

TYPE_2x2DC

TYPE_COEFF_Y

TYPE_COEFF_Y

TYPE_EOS

If the TYPE_HEADER partition ends with the PBI field, packetization operates under Packetization Mode Two. The following is an example with a PBP value of 2 (break after 2x2 DC), a PT value of 0, and a non-zero DBP value.

Packet One

TYPE_HEADER (with PBI field)

TYPE_MBHEADER

TYPE_MVD

TYPE_CBP

TYPE_2x2DC

TYPE_COEFF_Y_L

TYPE_COEFF_C_L

Packet Two

TYPE_COEFF_Y_H

TYPE_COEFF_C_H

TYPE_EOS 

The only extra parsing the packetizer needs to perform before deciding on which packetization mode to go to is the TYPE_HEADER partition to see if it ends with the PBI field.
Simplified Flexible Partitioning

Prior to decoding, the two packets are depacketized into 8 (Packetization Mode One) or 10 (Packetization Mode Two) partitions for decoding. The decoder fetches data from the right partition depending on which state it is in. This could lead to higher decoding complexity due to increased access time and switching. Further more, the amount of bit rate overhead for partitioning can become non-negligible as the number of slices in a frame increases. 

Further syntactic changes to the VCL can eliminate the decoding complexity overhead and keep the bit rate overhead to a minimum. Instead of 8 partitions, each slice is partitioned into only two partitions corresponding to the two packets in NAL. In this case the partitions are totally aligned with NAL packets. The partitioning and packetization break points are indicated by PBI. Below is an example for a PBP value of 2 and a PT value of 0.

Partition One (Packet One)

HEADER (with PBI field)

MB information

{

MB_HEADER

 MVD

CBP

2x2 DC

COEFF_Y_L

COEFF_C_L

}

EOS

Partition Two (Packet Two)

MB information

{

COEFF_Y_H

COEFF_C_H

}

EOS

After depacketization, the decoder receives the two partitions and can easily merge them back into a single bitstream for decoding, or can alternatively fetch data from the two partitions while decoding, instead of from 8 or 10 partitions.

Conclusions

We propose changes to the VCL and NAL specifications to enable flexible partitioning to fully exploit the advantages provided by data partitioning and unequal error protection. The proposed modifications are backward compatible with the current specifications and low in bit rate overhead. We propose additional modifications to eliminate any decoding complexity overhead due to data partitioning. Adopting the above changes will enhance the standard’s packet loss robustness performance.
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