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Summary

Corrigendum 2 of Rec. ITU-T H.222.0 (2014) | ISO/IEC 13818-1:2015 corrects parameter names used in the MPEG-2
Systems specification (ITU-T H.222.0 | ISO/IEC 13818-1), which differ from the corresponding parameter names in the
HEVC specification (ITU-T H.265 | ISO/IEC 23008-2). In addition to this, the conversion needed to assign numbers
measured in bits to variables expressing byte counts is harmonized. Further, table numbering is corrected.
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telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes
the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with 1ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some other
obligatory language such as "must" and the negative equivalents are used to express requirements. The use of
such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may involve
the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, validity or
applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of
the Recommendation development process.

As of the date of approval of this Recommendation, ITU had received notice of intellectual property, protected
by patents, which may be required to implement this Recommendation. However, implementers are cautioned
that this may not represent the latest information and are therefore strongly urged to consult the TSB patent
database at http://www.itu.int/ITU-T/ipr/.
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All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

Information technology — Generic coding of moving pictures and associated audio

information: Systems
Technical Corrigendum 2

STD buffer sizes for HEVC and miscellaneous editorial issues

1) Clause 2.4.2.3, Extensions for single layer HEVC

In clause 2.4.2.3, replace:
NOTE 2 — In the following equations, unit conversion should be implicitly performed as appropriate.

With:

NOTE 2 — In the following equations, unit conversion should be implicitly performed as appropriate. Values expressed in bits
are implicitly converted into values expressed in bytes by: number_of_bytes = (number_of_bits +7) / 8.

2) Clause 2.17.2, Extensions for single layer HEVC

In clause 2.17.2, replace:

With:

There is exactly one multiplexing buffer MB,, for the HEVC video stream or HEVC temporal video
sub-bitstream, where the size MBS, of the multiplexing buffer MB is constrained as follows:

MBS = BSmux + BSon + CpbBrNalFactor x MaxCPBltier, level] — cpb_size
where BSon, packet overhead buffering, is defined as:

BSon = (1/750) seconds x max{ CpbBrNalFactor x MaxBR[tier, level], 2 000 000 bit/s}
and BSmux, additional multiplex buffering, is defined as:

BSmux = 0.004 seconds x max{ CpbBrNalFactor x MaxBR{[tier, level], 2 000 000 bit/s}

MaxCPB}tier, level] and MaxBR{[tier, level] are taken from Annex A of Recommendation. ITU-T H.265 |
ISO/IEC 23008-2 for the tier and level of the HEVC video stream or HEVC temporal video sub-bitstream.
Cpb_size is taken from the HRD parameters, as specified in Annex E of Recommendation. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC video stream or HEVC temporal video sub-bitstream.

There is exactly one elementary stream buffer EB, for all the elementary streams in the set of received
elementary streams associated by hierarchy descriptors, with a total size EBS,

EBS, = cpb_size (measured in bytes)

where cpb_size is taken from the HRD parameters, as specified in Annex E of Recommendation.
ITU-T H.265 | ISO/IEC 23008-2, included in the HEVC video stream or the HEVC temporal video sub-
bitstream.

There is exactly one multiplexing buffer MB,, for the HEVC video stream or HEVC temporal video sub-
bitstream, where the size MBS, of the multiplexing buffer MB is constrained as follows:

MBSh = BSmux + BSoh + CpbNalFactor x MaxCPBItier, level] — cpb_size
where BSqn, packet overhead buffering, is defined as:

BSoh = (1/750) seconds x max{ BrNalFactor x MaxBR[tier, level], 2 000 000 bit/s}
and BSmux, additional multiplex buffering, is defined as:

BSmux = 0.004 seconds x max{ BrNalFactor x MaxBR{tier, level], 2 000 000 bit/s}

MaxCPBitier, level] and MaxBR[tier, level] are taken from Annex A of Rec. ITU-T H.265 |
ISO/IEC 23008-2 for the tier and level of the HEVC video stream or HEVC temporal video sub-bitstream,
where rates are expressed in bit/s. cpb_size is taken from the HRD parameters, as specified in Annex E of
Rec. ITU-T H.265 | ISO/IEC 23008-2, included in the HEVC video stream or HEVC temporal video sub-
bitstream, where the size is expressed in bits. Implicit conversion is carried out according to Note 2 in
2423
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»  There is exactly one elementary stream buffer EB, for all the elementary streams in the set of received
elementary streams associated by hierarchy descriptors, with a total size EBS,

EBS\ = cpb_size

where cpb_size is taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC video stream or the HEVC temporal video sub-bitstream, where
the size is expressed in bits. Implicit conversion is carried out according to Note 2 in 2.4.2.3.

Further, replace:
When there is no data in TB, then Rx, is equal to zero. Otherwise:
Rxn = bit_rate

where bit_rate is CpbBrNalFactor/CpbBrVclFactor x BitRate[ SchedSelldx ] of data flow into the CPB for
the byte stream format and BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T H.265 |
ISO/IEC 23008-2 when NAL hrd_parameters() is present in the VUI parameters of the HEVC video
stream.

With:
When there is no data in TB, then Rx, is equal to zero. Otherwise:
Rxn = bit_rate

where bit_rate is BrNalFactor/BrVclFactor x BitRate[ SchedSelldx ] of data flow into the CPB for the byte
stream format and BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T H.265 |
ISO/IEC 23008-2 when NAL hrd_parameters() is present in the VUI parameters of the HEVC video
stream.

Further, replace:
Otherwise, the leak method shall be used to transfer data from MB, to EB, as follows:

Rbx, = CpbBrNalFactor x MaxBR[tier, level]

with:
Otherwise, the leak method shall be used to transfer data from MB,, to EB,, as follows:
Rbx, = BrNalFactor x MaxBR{[tier, level]
3) Clause 2.17.3, Extensions for layered transport of HEVC temporal video subsets

In clause 2.17.3, replace:

e There is one multiplex buffer MB, for each received elementary stream ES,k, where the size MBS,k of
the multiplex buffer MBis constrained as follows:

MBSk = BSmux + BSon + CpbBrNalFactor x MaxCPBItier, level] — cpb_size (measured in bytes)

where cpb_size is taken from the HRD parameters, as specified in Annex E of Recommendation. ITU-T
H.265| ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation associated with
ESn'H.

with

»  There is one multiplex buffer MB, for each received elementary stream ES,k, where the size MBS,k of
the multiplex buffer MB,k is constrained as follows:

MBSnk = BSmux + BSoh + CpbNalFactor x MaxCPBitier, level] — cpb_size

where cpb_size is taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation associated with ES, n.
In the HRD parameters, cpb_size is expressed in bits, and its value is implicitly converted into a value
expressed in bytes according to Note 2 in 2.4.2.3.

Further, replace

»  There is exactly one elementary stream buffer EB, for the H + 1 elementary streams in the set of received
elementary streams ES; o to ES, 1, with a total size EBSy,

EBS, = cpb_size (measured in bytes)

where cpb_size is taken from the HRD parameters, as specified in Annex E of Recommendation. ITU-T
H.265 | ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation associated with
ESn’H.

2 Rec. ITU-T H.222.0 (2014)/Cor.2 (03/2017)
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with
»  There is exactly one elementary stream buffer EB, for the H + 1 elementary streams in the set of received
elementary streams ESy o to ESy 1, with a total size EBS,
EBS, = cpb_size

where cpb_size is taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation associated with ES, n.
In the HRD parameters, cpb_size is expressed in bits, and its value is implicitly converted into a value
expressed in bytes according to Note 2 in 2.4.2.3.

Further, replace
Otherwise, the leak method shall be used to transfer data from MB to EB, as follows:

Rbxnk = CpbBrNalFactor x MaxBR[tier, level]

with
Otherwise, the leak method shall be used to transfer data from MB,x to EB,, as follows:
Rbxnk = BrNalFactor x MaxBR{[tier, level]
4) Clause 2.17.4, Extensions for layered transport of HEVC sub-partitions with bitstream-partition-specific

CPB operation

In clause 2.17.4, replace:

*  There is one multiplex buffer MB,x for each received elementary stream ES,k, where the size MBS,k of
the multiplex buffer MB, is constrained as follows:

MBS,k = BSmux + BSon + CpbBrNalFactor x MaxCPBItier, level] — cpb_size (measured in bytes)
where

BSon, packet overhead buffering, and BSmu, additional multiplex buffering, are as specified in
clause 2.17.2;

MaxCPBitier, level] and MaxBR[tier, level] are taken from the tier and level specification of HEVC for
the tier and level of ES, the HEVC operation point associated with ES;;

cpb_size is taken from the sub-layer HRD parameters within the applicable hrd_parameters( ), as specified
in Annex F of Recommendation. ITU-T H.265 | ISO/IEC 23008-2, for the HEVC operation point
associated with ES.

There is one elementary stream buffer EB; for the HI + 1 elementary streams in the set of received
elementary streams ES; o to Eslm i, With a total size EBS,

EBS, = cpb_size (measured in bytes)

where cpb_size is taken from the sub-layer HRD parameters within the applicable hrd_parameters( ), as
specified in Annex F of Recommendation. ITU-T H.265 | ISO/IEC 23008-2, for the HEVC operation point
associated with ES; .

with

«  There is one multiplex buffer MB,« for each received elementary stream ES,k, where the size MBS, of
the multiplex buffer MB, is constrained as follows:

MBSk = BSmux + BSon + CpbNalFactor x MaxCPBl[tier, level] — cpb_size
where
BSon, packet overhead buffering, and BSmux, additional multiplex buffering, are as specified in 2.17.2;

MaxCPBltier, level] and MaxBR[tier, level] are taken from the tier and level specification of HEVC for
the tier and level of ES, the HEVC operation point associated with ES;;

cpb_size is taken from the sub-layer HRD parameters within the applicable hrd_parameters( ), as specified
in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, for the HEVC operation point associated with ES; .
In the HRD parameters, cpb_size is expressed in bits, and its value is implicitly converted into a value
expressed in bytes according to Note 2 in 2.4.2.3.

There is one elementary stream buffer EB, for the HI + 1 elementary streams in the set of received
elementary streams ES o to ESlm i, with a total size EBS;

EBS, = cpb_size

Rec. ITU-T H.222.0 (2014)/Cor.2 (03/2017) 3
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where cpb_size is taken from the sub-layer HRD parameters within the applicable hrd_parameters( ), as
specified in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, for the HEVC operation point associated
with ES; . In the HRD parameters, cpb_size is expressed in bits, and its value is implicitly converted into
a value expressed in bytes according to Note 2 in 2.4.2.3.

Further, replace
«  Otherwise, the leak method shall be used to transfer data from MB,« to EB as follows:
Rbxnx = CpbBrNalFactor x MaxBR[tier, level]
with
«  Otherwise, the leak method shall be used to transfer data from MB,k to EB as follows:

Rbx; x = BrNalFactor x MaxBR{tier, level]

4 Rec. ITU-T H.222.0 (2014)/Cor.2 (03/2017)
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