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Abstract:

In current CAT-LB model the Buffering Period SEI message provides two parameters, namely the initial_cpb_removal_delay which represents the delay between the time of arrival in the cbp of the first bit of coded data associated with the picture associated with the buffering period SEI message and the removal time of that data from the cpb, and the initial_cpb_removal_delay_offset which represents the delay between the eariliest arrival time  and the actual arrival time to the CPB of the first bit of the above picture data. The earliest arrival time of the  picture data is defined to be the removal time minus the sum of initial_cpb_removal_delay and initial_cpb_removal_delay_offset. This document provides the clarity how to compute both parameters in the presence of any buffering period SEI message along the bitstream. It also imposes constraints on the values of the two parameters which result with same HRD fullness behavior independent of the random access point in the bitstream.

Another related contribution is a separate initial_buffering_bit_rate for the initial_cpb_removal_delay period,  which provides the means to adjust buffer level in the presence of switching between sequence parameter sets with different HRD parameters.

The proposal

Consider the timing diagram in figure 1 describing the removal time tr(n) of  picture n, the final arrival time taf(n-1) of picture n-1, and the earliest arrival time Tai,earliest(n) of picture n provided by subtraction of the sum of initial_cpb_removal_delay and initial_cpb_removal_delay_offset from tr(n). Assuming a buffering period SEI message following the last bit of the data associate with picture n-1 and which is associated with the picture data of picture n. In-order to provide seamless random access at this point, the initial_cpb_removal_delay in the BufferingPeriodSEIMessage should follow the constraint


Initial_cpb_removal_delay <= tr(n) – max( taf(n-1), Tai,earliest(n) )

and

  
initial_cpb_removal_delay + initial_cpb_removal_delay_offset = constant

The second constraint which provides the delay between Tai,earliest and the removal time of the data associated with the picture is already defined in the current version of the standard.

Based on 1. we have, following a buffering period sei message,





tai(n) = tr(n) – initial_cpb_removal_delay 

The proposed constraints provides the following:

1. The HRD buffer behavior at and following the removal time of a picture data associated with a buffering period SEI message is independent of the random access point along the bitstream.

2. A value of the initial_cpb_removal_delay which is lower than the above constraint would result in  zero bit-rate gaps between max(taf(n-1), Tai,earliest(n) ) and tai(n). This could be used for buffer level control. See the example in Figure 1.

                                                                                         tai(n)


Tai,earliest(n)       taf(n-1)


tr(n)


BufferingPeridSEIMessage                               upper bound on initial_cpb_removal_delay


Figure 1: Example of a timing diagram of a bitstream

Second problem we deal with is to provide HRD compliance in the presence of switching between sequence parameter sets. Here we assume the same problem as defined in Figure 1 with a new active sequence parameter set - set for picture n. The switching between different bit-rates and buffer sizes may cause overflow/underflow problems in the vicinity of the switching point as described in Figure 2.
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      BuffeingPerriodSEIMessage + “New” sequence par. set.




Figure 2: Example of HRD behavior in the presence of a new active 

     sequence parameter set

Assuming the following two options when the new HRD parameters take affect:

1. following tai(n)

2. following tr(n-1)

Assuming 1. and assuming we lowered the value of the new cpb_size, then during tai(n) and tr(n-1) –  the new cpb_size may be violated.

Assuming 2. and assuming a higher new bit_rate, then cpb_size 1 may be violated during tai(n) and tr(n-1).

Inorder to prevent the above problem we propose the following:

1. A separate buffering_bit_rate at the buffering period SEI message to provide the bit-rate for the period between tai(n) and tr(n) (equal to initial_cpb_removal_delay). This feature would apply only at the switching point between two sequence parameter sets.

2. The new HRD parameters takes effect following tr(n-1).

Last thing. We suggest to remove the following restrictions:

1. allow change of the sum of initial_cpb_removal_delay + initial_cpb_removal_delay_offset  when switching to a new sequence parameter set.

2. remove the restriction initial_cpb_removal_delay + initial_cpb_removal_delay_offset < = buffer_size/bit_rate, and set this bound to 10 sec (?)   

Proposed Changes

Change 1

Before (C-11) change the following

….then the initial CPB removal delay for the buffering period sei message associated with the data associated with picture n has the following constraint

Initial_cpb_removal_delay <= tr(n) – max( taf(n-1), Tai,earliest(n) )

(C-11)

and


tai(n) = tr(n) – initial_cpb_removal_delay

Change 2

Make the following change to buffering period sei message

	buffering_period( payloadSize ) {

	
seq_parameter_set_id

	
if( nal_hrd_parameters_present_flag  = =  1 ) {

	

for( k = 0; k <= cpb_cnt_minus1; k++ ) {

	


initial_cpb_removal_delay[ k ]

	


initial_cpb_removal_delay_offset[ k ]

	

}

      if ( new_active_sequence_parameter_set)

          for (k=0; k<= cpb_cnt_minus1; k++)

               buffering_bit_rate_value[k]

	
}

	
if( vcl_hrd_parameters_present_flag  = =  1 ) {

	

for( k = 0; k <= cpb_cnt_minus1; k++ ) {

	


initial_cpb_removal_delay[ k ]

	


initial_cpb_removal_delay_offset[ k ]

	

}

       if ( new_active_sequence_parameter_set)

           for (k=0; k<= cpb_cnt_minus1; k++)

                buffering_bit_rate_value[k]

	
}

	}
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