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1.0
Introduction

Some problems have previously been reported with the CPB timing specification in Annex C.  In the draft corrigendum output of the Waikoloa meeting, these are addressed in items 77, 78, and 80 of the Waikoloa output document JVT-J050.  Specifically, these include:

· clarity regarding selection of schedules by the HSS (item 77 of JVT-J050; item 17 of JVT‑J010d7)

· clarity regarding CBR operation as a special case of VBR operation (item 77 of JVT‑J050; item 39 of JVT‑J010d7)

· clarity regarding sentences in neighbourhood of Equations C-8 and C-9 (item 78 of JVT‑J050; item 33 of JVT‑J010d7)

· definition of constraints on HRD syntax and operation (item 80 of JVT-J050, item 12 of JVT‑J010d7, and item 2 of JVT-J013)

However:

· The specification in items 77 and 80 of JVT-J050 can accidentally specify two different pictures to be simultaneously arriving into the CPB during the same small interval of time (up to 11 μs) when in CBR operation.  This is clearly an error.

· Equation C‑15 for VBR operation forces a bit rate in-flow "stall" at the beginning of every new buffering period, thus forcing any bitstream that uses frequent new buffering periods to maintain an average bit rate below the specified peak bit rate. The wording in item 77 of JVT-J050 does not fix this, and this destroys the ability of VBR operation to act at all like CBR operation (as the concept of an in-flow stall is inconsistent with the concept of CBR, and as the additional stall at the beginning of every buffering period will reduce the average bit rate of the sequence).

· Equation C-16 for CBR operation, together with the wording in item 77 of JVT-J050, allows a bit rate in-flow "stall" at the beginning of each new buffering period in CBR operation.  Stalling of bit rate flow is obviously a problem when the operation is supposed to have a constant bit rate.

These errors can be fixed by reasonably-minor adjustments in the neighbourhood of Equations C-3 to C-5 and a change to Equation C-15.  Equation C-16 should also be specified in a manner consistent with that of Equation C-15 (a purely editorial change to Equation C-16).  These changes should cause no difficulty for decoders, as they entail no increase in capability – they only affect rounding issues in the neighborhood of the start of new buffering periods.

Some aspects of the changes advocated herein reintroduce a distinction made in the existing text between CBR and VBR operation that JVT-J050 attempted to remove.  The author has concluded that this distinction is necessary to maintain, as otherwise the rounding error in the representation of initial_cpb_removal_delay in CBR operation would compound to destroy the ability of the encoder to limit the magnitude of the difference in buffer fullness that is caused by starting the HRD operation at different buffering periods.

Some additional less significant corrections are also proposed to various places in the text.

Text is provided for the significant proposed corrections (with revision marks, using the twin-text corrigendum template as in JVT‑J050 for the most significant items).

2.0
Additional Less Significant Corrections

Additional less significant corrections proposed herein are as follows:

· The use of the terms "Type I conformance" and "Type II conformance" is unclear, and the changes made in JVT-J050 further exacerbate this problem.  In my view, the correct interpretation is that:

· There are two types of bitstreams that are discussed: Type I and Type II bitstreams.

· A Type I bitstream is tested for conformance at the Type I conformance point shown in Figure C-1.

· A Type II bitstream is tested for conformance at both the Type I and Type II conformance points shown in Figure C-1.

· The terms "Type I conformance" and "Type II conformance" are intended to refer to the conformance points for Type I and Type II bitstreams, not to different types of bitstream conformance.  For example, it is not acceptable for a Type II bitstream to conform only to Type I conformance.  The use of these terms (Type I and Type II conformance, without the use of the word "point") is therefore best avoided.  The terms "Type I conformance point" and "Type II conformance point" seem OK, but the terms "Type I conformance" and "Type II conformance" (found in subclause C.1, just after Equation C-6 in subclause C.1.1, and in subclause C.3) should not be used by themselves.

· The syntax modifications in Annex B need to be reflected in the bullet item at the beginning of Annex C that refers to those syntax elements.

· JVT-J050 includes accidental automatic numbering in the title of Annex B.  We propose fixing that herein.  This aspect is not shown in the text changes below because it is so minor in nature and is found in a different part of the document.

· The word "of" is missing in the last sentence of subclause C.1.2.

· The word "subclause" was misspelled in the title of item 76 of JVT-J050.

· The clarity of the second normative paragraph in subclause C.1.1 needs improvement.

· The note just after Equation C-16 is incorrect, as the buffer fullness will depend on which buffering period is selected for initialization of the HRD even if the clock used in the representation of cpb_removal_delay has exactly the same clock rate as the 90 kHz clock used in the representation of initial_cpb_removal_delay.

· The phrase "CPB buffer" should be avoided as it is redundant (it appears in JVT-J050, but I don't think it appears in the original text).

· In subclause D.2.20, the sentence starting with "reserved_sei_message_payload_byte" should be formatted as a separate pargraph, and the syntax element name "reserved_sei_message_payload_byte" should be in boldface font.  This aspect is not shown in the text changes below because it is so minor in nature and is found in a different part of the document.

· In response to an email report from Pierre Marty on January 9, 2004, I add the follwing remark on the use of the phrase "frame number" in subclause 3.31.  There are two things wrong with that phrase, as it is used.  The first is that the phrase is in italics although there is no definition of that phrase in clause 3.  The second is that the phrase "frame number" is not found anywhere else in the document, so the meaning of that phrase in subclause 3.31 is ambiguous.  My suggestion is to change "frame number" to "the frame_num syntax element". This aspect is not shown in the text changes below because it is so minor in nature and is found in a different part of the document.

· In response to an email report from Soren Friis on January 15, 2004, and the questions it brought up, I add the following items.  These aspects are not shown in the text changes below because their locations are scattered in other parts of the document.

· The use of the words "even" and "odd" may be confusing in subclause 6.2 as they appear to relate to the use of the words, "first", "second", "third", etc.

· "P_L0_L0_MxN", as used to explain Table 7-14, does not match the content of Table 7-14.  Indeed, "P_L0_L0" appears only in the neighbourhood of Tables 7-10, 7-14, and 9-27.  It appears that changing all occurrences of "P_L0_L0" to simply "P_L0" will both fix the problem and simplify the specification.

· The phrase "a macroblocks" should be "a macroblock" in subclause 6.4.2 (extremely minor typo).

· The phrase "be not be" should be "not be" in subclause 7.4.1.

· In the description of the sub-macroblock types listed in Table 7-14, the description of the Direct sub-macroblock type should be removed because Direct is not listed in Table 7-14 (since this table is for the sub-macroblock types in P slices).

· In the parent clause of clause 8, we suggest changing "provides the intra prediction samples being the output" to "has intra prediction samples as its output" and inserting a couple of commas to improve the confused grammar.

· In the parent clause of clause 8 there is a reference to subclause 8.5 that uses a mangled approximation of the name of the process specified in subclause 8.5.  We suggest replacing this with the actual name of the process as given in the title of subclause 8.5.

· In subclause 8.2.4.2.2, the phrase "one or more field" should be "one or more fields" in two places (extremely minor typo).

· In subclause 8.2.4.2.2, the phrase "FrameNumWrap of the current field" should be "FrameNumWrap of the first field", because (strictly speaking) the current field does not have a FrameNumWrap (although if it did, it would be the same as the FrameNumWrap of the first field in this case).

· The heading of subclause 8.2.5.4.5 has a strange "hanging indent" formatting (extremely minor).

· In subclause 8.3.1, "For the all" should be "For all" (minor)

· In subclause 8.3.1, "For the each" should be "For each" (minor)

· In subclause 8.7.2.1, "either" should be "either or both" to clarify what happens when both samples fulfill the stated conditios for boundary strength determination (note that in many other places in the specification this phrase "either or both" is used for a similar purpose and note that the text in this area is already being changed in the corrigendum anyway).

· In subclause D.2.2, the phrase "be interpreted the time" should be "be interpreted as the time" (two places).

· In subclause D.2.17, the phrase "one of following" should be "one of the following" (minor).

· In response to an email report from Ping Wu, I add the following item: In Tables 7-8 and 7-9, the entries in the table for CodedBlockPatternChroma and CodedBlockPatternLuma are listed simply as "na" without further explanation for both I_4x4 and I_PCM macroblocks.  In the case of I_PCM macroblocks, the concept of CodedBlockPatternChroma and CodedBlockPatternLuma do not apply at all, so the use of "na" for those is quite appropriate.  However, CodedBlockPatternChroma and CodedBlockPatternLuma are in fact used in the case of I_4x4 macroblocks – in this case the values of CodedBlockPatternChroma and CodedBlockPatternLuma are derived from the syntax element coded_block_pattern using Equation 7-22.  So in the case of I_4x4, the "na" seems a bit confusing and inappropriate – it would be more clear to to insert a reference there to Equation 7-22 or to list CodedBlockPatternChroma as "0..2" and to list CodedBlockPatternLuma as "0..15" in this row of the tables. This aspect is not shown in the text changes below because it is found in a different part of the document.

· In response to an email report from Eric Pearson and Lowell Winger on January 15, 2004, I add the following remark: in subclauses 9.3.3.2.3 and 9.3.4.4, codIRange is not updated in these subclauses, and it is not an output of these processes.  ie. in 9.3.3.2.3, "Outputs of this process are the updated variables codIRange and codIOffset, and the decoded value binVal" should be changed to "Outputs of this process are the updated variable codIOffset and the decoded value binVal". Similarly, for 9.3.4.4, codIrange should not be listed among the outputs. This aspect is not shown in the text changes below because it is found in a different part of the document.

· After reading subclause 7.4.1.2.1 (as clarified in JVT-J050) in response to email questions about picture and sequence parameter sets on January 23, 2004, I find that it would be helpful to add further clarifying text to that subclause as follows, just prior to the last paragraph of that subclause: "All constraints that are expressed on the relationship between the values of the syntax elements (and the values of variables derived from those syntax elements) in sequence parameter sets and picture parameter sets and other syntax elements are expressions of constraints that apply only to the active sequence parameter set and the active picture parameter set.  If any sequence parameter set RBSP is present that is not activated in the bitstream, its syntax elements shall have values that would conform to the specified constraints if it were activated by reference in an otherwise-conforming bitstream.  If any picture parameter set RBSP is present that is not ever activated in the bitstream, its syntax elements shall have values that would conform to the specified constraints if it were activated by reference in an otherwise-conforming bitstream."

· Finally, I note a few items so minor that they were left out of JVT-J050, although they are corrected in JVT‑J010d7.  This aspect are not shown in the text changes below because they are so minor and are already found in JVT-J050.  These are worth fixing only if they are no bother to fix:

· Change "neighboring" to "neighbouring" in subclause 7.4.2.2.

· A comma should be inserted in the first sentence of subclause 8.3.3.2.

· There are some underscores missing in the note in subclause 9.2.1 in the phrase "Intra 16x16" (two places)

· There is an extra space between words just above Equation 9-6.
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ITU-T  RECOMMENDATION

76)
Parent subclause of Annex C

Replace the sentence in Annex C that states "The CPB size (number of bits) is specified by CpbSize[ SchedSelIdx ] in Annex E. DPB size (number of frame buffers) is specified by max_dec_frame_buffering in Annex E." with "The CPB size (number of bits) is specified by CpbSize[ SchedSelIdx ] in Annex E. DPB size (number of frame buffers) is specified as Max( 1, max_dec_frame_buffering ) in Annex E."

Replace the bullet item in Annex C that states "all start code prefixes and zero_byte syntax elements that form a byte stream from the NAL unit stream (as specified in Annex B)" with "all leading_zero_8bits, zero_byte, start_code_prefix_one_3bytes, and trailing_zero_8bits syntax elements that form a byte stream from the NAL unit stream (as specified in Annex B)"

76.5)
Subclause C.1 [Renumber the corrigendum items to reflect this insertion]
Replace the sentence in subclause C.1 that states "The specifications in this subclause apply independently to each set of CPB parameters that is present and to both Type I and Type II conformance." with "The specifications in this subclause apply independently to each set of CPB parameters that is present and to both the Type I and Type II conformance points shown in Figure C-1."

77)
Subclause C.1.1

Replace subclause C.1.1 with the following:

C.1.1
Timing of bitstream arrival

The HRD may be initialised at any one of the buffering period SEI messages.  Prior to initialisation, the CPB is empty.

NOTE - After initialisation, the HRD is not initialised again by subsequent buffering period SEI messages.

Each access unit is referred to as access unit n, where the number n identifies the particular access unit.  The access unit that is associated with the buffering period SEI message that initializes the CPB is referred to as access unit 0.  The value of n is incremented by 1 for each subsequent access unit in decoding order.

The time at which the first bit of access unit n begins to enter the CPB is referred to as the initial arrival time tai( n ).

The initial arrival time of access units is derived as follows.

· If the access unit is access unit 0, tai( 0 ) = 0,

· Otherwise (the access unit is access unit n with n > 0), the following applies.

· If cbr_flag[ SchedSelIdx ] is equal to 1, the initial arrival time for access unit n, is equal to the final arrival time (which is derived below) of access unit n ‑ 1, i.e.

tai( n ) = taf( n – 1 )

(C-2)

· Otherwise (cbr_flag[ SchedSelIdx ] is equal to 0), the initial arrival time for access unit n is derived by

tai( n ) = Max( taf( n – 1 ), tai,earliest( n ) )

(C-3)

where tai,earliest( n ) is derived as follows

· If access unit n is not the first access unit of a subsequent buffering period, tai,earliest( n ) is derived as
tai,earliest( n ) = tr,n( n ) – 
( initial_cpb_removal_delay[ SchedSelIdx ] + initial_cpb_removal_delay_offset[ SchedSelIdx ] )  90000
(C-4)

with tr,n( n ) being the nominal removal time of access unit n from the CPB as specified in subclause C.1.2 and initial_cpb_removal_delay[ SchedSelIdx ] and initial_cpb_removal_delay_offset[ SchedSelIdx ] being specified in the previous buffering period SEI message.

· Otherwise (the subsequent access unit n is the first access unit of a subsequent buffering period), tai,earliest( n ) is derived as
tai,earliest( n ) = tr,n( n ) – ( initial_cpb_removal_delay[ SchedSelIdx ]  90000 )
(C-5)

with initial_cpb_removal_delay[ SchedSelIdx ] being specified in the buffering period SEI message associated with access unit n.

The final arrival time for access unit n is derived by

taf( n ) = tai( n ) + b( n )  BitRate[ SchedSelIdx ]

(C-6)

where b( n ) is the size in bits of access unit n, counting the bits of the VCL NAL units and the filler data NAL units for the Type I conformance point or all bits of the Type II bitstream for the Type II conformance point, where the Type I and Type II conformance points are as shown in Figure C-1.
The values of SchedSelIdx, BitRate[ SchedSelIdx ], and CpbSize[ SchedSelIdx ] are constrained as follows.

· If access unit n and access unit n - 1 are part of different coded video sequences and the content of the active sequence parameter sets of the two coded video sequences differ, the HSS selects a value SchedSelIdx1 of SchedSelIdx from among the values of SchedSelIdx provided for the coded video sequence containing access unit n that results in a BitRate[ SchedSelIdx1 ] or CpbSize[ SchedSelIdx1 ] for the second of the two coded video sequences (which contains access unit n).  The value of BitRate[ SchedSelIdx1 ] or CpbSize[ SchedSelIdx1 ] may differ from the value of BitRate[ SchedSelIdx0 ] or CpbSize[ SchedSelIdx0 ] for the value SchedSelIdx0 of SchedSelIdx  that was in use for the coded video sequence containing access unit n - 1. 

· Otherwise, the HSS continues to operate with the previous values of SchedSelIdx, BitRate[ SchedSelIdx ] and CpbSize[ SchedSelIdx ].

When the HSS selects values of BitRate[ SchedSelIdx ] or CpbSize[ SchedSelIdx ] that differ from those of the previous access unit, the following applies.

· the variable BitRate[ SchedSelIdx ] comes into effect at time tai( n )

· the variable CpbSize[ SchedSelIdx ] comes into effect as follows.

· If the new value of CpbSize[ SchedSelIdx ] exceeds the old CPB size, it comes into effect at time tai( n ), 

· Otherwise, the new value of CpbSize[ SchedSelIdx ] comes into effect at the time tr( n ).

78)
Subclause C.1.2

Replace subclause C.1.2 with the following:

A.1.1 Timing of coded picture removal

For access unit 0, the nominal removal time of the access unit from the CPB is specified by

tr,n( 0 ) = initial_cpb_removal_delay[ SchedSelIdx ]  90000
(C-7)

For the first access unit of a buffering period that does not initialise the HRD, the nominal removal time of the access unit from the CPB is specified by

tr,n( n ) = tr,n( nb ) + tc * cpb_removal_delay( n )

(C-8)

where tr,n( nb ) is the nominal removal time of the first access unit of the previous buffering period and cpb_removal_delay( n ) is the value of cpb_removal_delay specified in the picture timing SEI message associated with access unit n.

When an access unit n is the first access unit of a buffering period, nb is set equal to n at the removal time of access unit n.

The nominal removal time tr,n(n) of an access unit n that is not the first access unit of a buffering period is given by

tr,n( n ) = tr,n( nb ) + tc * cpb_removal_delay( n )

(C-9)
where tr,n( nb ) is the nominal removal time of the first access unit of the current buffering period and cpb_removal_delay( n ) is the value of cpb_removal_delay specified in the picture timing SEI message associated with access unit n.
The removal time of access unit n is specified as follows.

· If low_delay_hrd_flag is equal to 0 or tr,n( n ) >= taf( n ), the removal time of access unit n is specified by 

tr( n ) = tr,n( n )

(C-10)

· Otherwise (low_delay_hrd_flag is equal to 1 and tr,n( n ) < taf( n )), the removal time of access unit n is specified by

tr( n ) = tr,n( n ) + tc * Ceil( ( taf( n ) - tr,n( n ) ) tc ) 

(C-11)

NOTE – The latter case indicates that the size of access unit n, b(n), is so large that it prevents removal at the nominal removal time.
80)
Subclause C.3

Replace subclause C.3 with the following:

C.3
Bitstream conformance

A bitstream of coded data conforming to this Recommendation | International Standard fulfils the following requirements.

The bitstream is constructed according to the syntax, semantics, and constraints specified in this Recommendation | International Standard outside of this Annex.

The bitstream is tested by the HRD as specified below:

For Type I bitstreams, the number of tests carried out is equal to cpb_cnt_minus1 + 1 where cpb_cnt_minus1 is the either the syntax element of hrd_parameters( ) following the vcl_hrd_parameters_present_flag or is determined by the application by other means not specified in this Recommendation | International Standard. One test is carried out for each bit rate and CPB size combination specified by hrd_parameters( ) following the vcl_hrd_parameters_present_flag.  Each of these tests is conducted at the Type I conformance point shown in Figure C-1.
For Type II bitstreams there are two sets of tests. The number of tests of the first set is equal to cpb_cnt_minus1 + 1 where cpb_cnt_minus1 is either the syntax element of hrd_parameters( ) following the vcl_hrd_parameters_present_flag or is determined by the application by other means not specified in this Recommendation | International Standard. One test is carried out for each bit rate and CPB size combination. Each of these tests is conducted at the Type I conformance point shown in Figure C-1.  For these tests, only VCL and filler data NAL units are counted for the input bit rate and CPB storage.

The number of tests of the second set, for Type II bitstreams, is equal to cpb_cnt_minus1 + 1 where cpb_cnt_minus1 is either the syntax element of hrd_parameters( ) following the nal_hrd_parameters_present_flag or is determined by the application by other means not specified in this Recommendation | International Standard. One test is carried out for each bit rate and CPB size combination specified by hrd_parameters( ) following the nal_hrd_parameters_present_flag. Each of these tests is conducted at the Type II conformance point shown in Figure C-1.  For these tests, all NAL units (of a Type II NAL unit stream) or all bytes (of a byte stream) are counted for the input bit rate and CPB storage.

For conforming bitstreams, all of the following conditions shall be fulfilled for each of the tests.

-
For each access unit n, with n>0, associated with a buffering period SEI message, with (tg,90( n ) specified by

(tg,90( n ) = 90000 * ( tr,n( n ) - taf( n - 1 ) )

(C-14)

The value of initial_cpb_removal_delay[ SchedSelIdx ] shall be constrained as follows.

-
If cbr_flag[ SchedSelIdx ] is equal to 0,

initial_cpb_removal_delay[ SchedSelIdx ] <= Ceil( (tg,90( n ) )
(C-15)

-
Otherwise (cbr_flag[ SchedSelIdx ] is equal to 1),

Floor( (tg,90( n ) ) <= 
initial_cpb_removal_delay[ SchedSelIdx ] <= Ceil( (tg,90( n ) )
(C-16)

NOTE – The exact number of bits in the CPB at the removal time of each picture may depend on which buffering period SEI message is selected to initialize the HRD.  Encoders must take this into account to ensure that all specified constraints must be obeyed regardless of which buffering period SEI message is selected to initialize the HRD, as the HRD may be initialised at any one of the buffering period SEI messages.

· A CPB overflow is specified as the condition in which the total number of bits in the CPB is larger than the CPB size. The CPB shall never overflow.   
· 
· 
· 
· 
· A CPB underflow is specified as the condition in which tr,n(n) is less then taf(n). When low_delay_hrd_flag is equal to 0, the CPB shall never underflow. 

· The nominal removal times of pictures from the CPB (starting from the second picture in decoding order), shall satisfy the constraints on tr,n(n) and tr(n) expressed in subclauses A.3.1 and A.3.2 for the profile and level specified in the bitstream.

· Immediately after any decoded picture is added to the DPB, the fullness of the DPB shall be less than or equal to the DPB size as constrained by Annexes A, D, and E for the profile and level specified in the bitstream.

· All reference pictures shall be present in the DPB when needed for prediction. Each picture shall be present in the DPB at its DPB output time unless it is not stored in the DPB at all, or is removed from the DPB before its output time by one of the processes specified in subclause C.2.

· The value of (to,dpb(n) as given by Equation C-13, which is the difference between the output time of a picture and that of the picture immediately following it in output order, shall satisfy the constraint expressed in subclause A.3.1 for the profile and level specified in the bitstream.

[– End – ]
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