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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnicy
Commission) form the specialized system for worldwide standardization. National bodies that are members-G
ISO or IEC participate in the development of International Standards through technical committee
established by the respective organization to deal with particular fields of technical activity. 1S@,"and 1E(
technical committees collaborate in fields of mutual interest. Other international organizations, governmentg
and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the fieldwof informatio
technology, 1ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

- — NS U

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of the joint technical committee is to prepare International Standards. Draft Internationg
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication a
an International Standard requires approval by at least 75 % of the national bedies casting a vote.

v)

—t

Attention is drawn to the possibility that some of the elements of this,document may be the subject of pater
rights. ISO and IEC shall not be held responsible for identifying any orall such patent rights.

Amendment 3 to ISO/IEC 13818-1:2015 was prepared by~ Joint Technical Committee ISO/IEC JTC 1
Information technology, Subcommittee SC 29, Coding of\audio, picture, multimedia and hypermedi
information, in collaboration with ITU-T. The identical textds published as ITU-T H.222.0 (12/2015).

-
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

Information technology — Generic coding of moving pictures and associated audio
information: Systems

mendment?
A HHeHGHeH =

Carriage of layered HEVC

1) Clause 1.2.2

Replace:
—  Recommendation ITU-T H.264 (2013), Advanced video coding for generic audiovisual services.
ISO/IEC 14496-10:2013, Information technology — Coding of audio-visual objects — Part 10: Advanced
video coding.
—  Recommendation ITU-T H.265 (2013), High efficiency video coding.
ISO/IEC 23008-2:2013, Information technology — High efficiency, coding and media delivery in
heterogeneous environments — Part 2: High efficiency video coding.
with:

—  Recommendation ITU-T H.264 (2014), Advanced video «oding for generic audiovisual services.

ISO/IEC 14496-10:2014, Information technology —/Coding of audio-visual objects — Part 10: Advanced
video coding.

—  Recommendation ITU-T H.265 (2015), High efficiency video coding.

ISO/IEC 23008-2:2015, Information techuology — High efficiency coding and media delivery in
heterogeneous environments — Part 2: High efficiency video coding.

2) Clauses 2.1.95, 2.1.96, 2.1.106 and 2.1.107

Replace clause 2.1.95 with:

2.1.95 HEVC video stream: Byte'stream as specified in Rec. ITU-T H.265 | ISO/IEC 23008-2 Annex B.

NOTE — This term represents either a byte stream as specified in Annex B of the first version of Rec. ITU-T H.265 |
ISO/IEC 23008-2 or an HEV C\layered video sub-bitstream.

Replace clause 2.1.96 with:

2.1.96 HEVC aceess unit: An access unit as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2 with the
constraints specified’in 2.17.1.

Replace clause’2.1.106 with:

2.1.106°\"HEVC temporal video sub-bitstream: An HEVC video sub-bitstream that contains all VCL NAL units and
assegiated non-VCL NAL units of the temporal sub-layer of the same layer, as specified in Rec. ITU-T H.265 |
ISOAEC 23008-2, associated with Temporalld equal to 0 and which may additionally contain all VCL NAL units and
associated non-VCL NAL units of all temporal sub-layers of the same layer associated with a contiguous range of
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parameter set, as specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.

Replace clause 2.1.107 with:

2.1.107 HEVC temporal video subset: An HEVC video sub-bitstream that contains all VCL NAL units and the
associated non-VCL NAL units of one or more temporal sub-layers of the same layer, as specified in Rec. ITU-T H.265
| ISO/TEC 23008-2, with each temporal sub-layer not being present in the corresponding HEVC temporal video sub-
bitstream and Temporalld associated with each temporal sub-layer forming a contiguous range of values that is equal to

Rec. ITU-T H.222.0 (2014)/Amd.2 (12/2015) 1
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or smaller than sps max sub layers minusl included in the active sequence parameter set, as specified in
Rec. ITU-T H.265 | ISO/IEC 23008-2.

NOTE — According to the constraints for the transport of HEVC specified in 2.17.1, each temporal sub-layer of an HEVC video
stream is present either in the HEVC temporal video sub-bitstream or in exactly one HEVC temporal video subset which is carried
in a set of elementary streams that are associated by hierarchy descriptors or HEVC hierarchy extension descriptors. This prevents
multiple inclusions of the same temporal sub-layer and allows aggregation of the HEVC temporal video sub-bitstream with
associated HEVC temporal video subsets according to the hierarchy descriptors, as specified in 2.17.3 and according to the
hierarchy descriptors or HEVC hierarchy extension descriptors, as specified in 2.17.4.

3) Clauses 2.1.116 to 2.1.127

Add the following definitions after clause 2.1.115:
2.1.116 HEVC base layer: HEVC layer with nuh_layer id equal to 0.

2.1.117 HEVC base sub-partition: HEVC video sub-bitstream that is also a conforming bitstream aSrspecified in
Rec. ITU-T H.265 | ISO/IEC 23008-2, which contains all VCL NAL units and the associated non-VCLNAL units of an
HEVC base layer up to a target highest Temporalld identified by a target HEVC operation point.

2.1.118 HEVC enhancement sub-partition: One HEVC layer with a particular value of nuhinlayer id greater than 0
in the NAL unit header syntax element or an HEVC temporal video sub-bitstream or HEVC temporal video subset thereof,
of which the HEVC layer aggregation with an HEVC base sub-partition and zero or mere other HEVC sub-partitions,
according to HEVC layer list, results in a valid HEVC layered video stream.

2.1.119 HEVC layer: HEVC video sub-bitstream that contains all VCL NAL) units with a particular value of
nuh_layer id in the NAL unit header syntax element and associated non-VCLDINAL units, as defined in Annex F of
Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.120 HEVC layer aggregation: Successive HEVC layer component\aggregation of all HEVC layer components in
an HEVC video sequence.

2.1.121 HEVC layer component: VCL NAL units and the associated non-VCL NAL units of an HEVC access unit
which belong to an HEVC sub-partition.

2.1.122 HEVC layer component aggregation: Concatenation of all HEVC layer components with the same output
time from all HEVC sub-partitions indicated in an HEVC layer list in the order indicated by the HEVC layer list, resulting
in a valid HEVC access unit as defined in Annex F 6f' Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.123 HEVC layer list: Ordered list of HEV.C sub-partitions for a target HEVC operation point of which the HEVC
layer aggregation results in a valid HEVC layered video stream.

NOTE — An HEVC layer list is signalled for-each target HEVC operation point using the HEVC operation point descriptor.

2.1.124 HEVC layered video stream: HEVC video stream that contains all VCL NAL units and associated non-VCL
NAL units conforming to one or rhoge profiles defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.125 HEVC operationpoint: Operation point based on a target highest Temporalld, and a target layer identifier list
as specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.
NOTE - Rec. ITU-T H.265 | ISO/IEC 23008-2 specifies the sub-bitstream extraction process for an operation point according to
which the operation point is a conforming bitstream. An operation point is associated with an HEVC layered video stream or HEVC
base layer.

2.1.126 HEV(C sub-partition: Either an HEVC base sub-partition or an HEVC enhancement sub-partition.

NOTE.—¥An HEVC sub-partition can either be an HEVC temporal video sub-bitstream if it includes VCL NAL units with the
minimum value of Temporalld (i.e., including Temporalld equal to 0), or it can be an HEVC temporal video subset, if it
comiplements an HEVC base sub-partition or HEVC enhancement sub-partition with the same target layer identifier.

2.1.127 HEVC temporal enhancement sub-partition: An HEVC temporal video subset of the same HEVC layer as
another HEVC enhancement sub-partition of the same HEVC video stream which contains one or more complementary

temporal sub-layers, as specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.

2 Rec. ITU-T H.222.0 (2014)/Amd.2 (12/2015)
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4) Clause 2.4.2.13
Add the following new clause immediately after 2.4.2.12:

2.4.2.13 T-STD extensions for carriage of MV HEVC and SHVC

T-STD extensions and T-STD parameters for decoding of HEVC layered video streams are defined in 2.17.4. Program
stream support including P-STD extensions and P-STD parameters are not specified for HEVC extension video streams.

5) Clause 2.4.3.7

In the section specifying the PTS (presentation time stamp), replace:

For HEVC video streams, HEVC temporal video sub-bitstreams and HEVC temporal video subsets, if a PTS 45 présent
in the PES packet header, it shall refer to the first HEVC access unit that commences in this PES packet«T0 achieve
consistency between the STD model and the HRD model defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2,
for each HEVC access unit the PTS value in the STD shall, within the accuracy of their respective clo€ks, indicate the
same instant in time as the nominal DPB output time in the HRD, as defined in Annex C of Rec. ITU-T H.265 | ISO/IEC
23008-2.

with:

For HEVC video streams, HEVC temporal video sub-bitstreams and HEVC temporal video subsets, if a PTS is present
in the PES packet header, it shall refer to the first HEVC access unit that commences.in this PES packet. For HEVC video
sub-partitions, if a PTS is present in the PES packet header, it shall refer tosthe/first HEVC layer component that
commences in this PES packet. An HEVC layer component commences in a PES packet if the first byte of the HEVC
layer component is present in the PES packet. To achieve consistency betwdéen the STD model and the HRD model
defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2, for each HEV.C access unit the PTS value in the STD shall,
within the accuracy of their respective clocks, indicate the same instantuin time as the nominal DPB output time in the
HRD, as defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 230082.

In the section specifying the DTS (decoding time stamp), repldce:

For HEVC video streams, HEVC temporal video sub-bitstteams and HEVC temporal video subsets, if a DTS is present
in the PES packet header, it shall refer to the first HE¥C access unit that commences in this PES packet. To achieve
consistency between the STD model and the HRD miedel defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 230082,
for each HEVC access unit the DTS value in the STD shall, within the accuracy of their respective clocks, indicate the
same instant in time as the nominal CPB remeval time in the HRD, as defined in Annex C of Rec. ITU-T H.265 |
ISO/IEC 230082.

with:

For HEVC video streams, HEVC(temporal video sub-bitstreams and HEVC temporal video subsets, if a DTS is present
in the PES packet header, it shall refer to the first HEVC access unit that commences in this PES packet. For HEVC video
sub-partitions, if a DTS is{present in the PES packet header, it shall refer to the first HEVC layer component that
commences in this PESpacket. An HEVC layer component commences in a PES packet if the first byte of the HEVC
layer component is present in the PES packet. To achieve consistency between the STD model and the HRD model
defined in Annex € 0fRec. ITU-T H.265 | ISO/IEC 23008-2, for each HEVC access unit the DTS value in the STD shall,
within the accuracy-0f their respective clocks, indicate the same instant in time as the nominal CPB removal time ¢ in the
HRD, as definted-in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2.

6) Clause 2.4.4.9

In Table 2-34 — Stream type assignments, replace the following lines:

0x1B AVC video stream conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10
or AVC video sub-bitstream of SVC as defined in 2.1.78 or MV C base view sub-bitstream, as defined in 2.1.85, or
AVC video sub-bitstream of MVC, as defined in 2.1.88 or MVCD base view sub-bitstream, as defined in 2.1.97, or
AVC video sub-bitstream of MVCD, as defined in 2.1.100

0x28-0x7E Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Reserved

with:

Rec. ITU-T H.222.0 (2014)/Amd.2 (12/2015) 3
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0x1B AVC video stream conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10
or AVC video sub-bitstream of SVC as defined in 2.1.78 or MV C base view sub-bitstream, as defined in 2.1.85, or
AVC video sub-bitstream of MVC, as defined in 2.1.88 or MVCD base view sub-bitstream, as defined in 2.1.97, or
AVC video sub-bitstream of MVCD, as defined in 2.1.100, or AVC base layer of an HEVC video stream conforming
to one or more profiles defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2

0x28 HEVC enhancement sub-partition which includes Temporalld 0 of an HEVC video stream where all NALs units
contained in the stream conform to one or more profiles defined in Annex G of Rec. ITU-T H.265 |

ISU/IEC Z50U6-2

0x29 HEVC temporal enhancement sub-partition of an HEVC video stream where all NAL units contained in the
stream conform to one or more profiles defined in Annex G of Rec. ITU-T H.265 | ISO/IEC 23008-2
0x2A HEVC enhancement sub-partition which includes Temporalld 0 of an HEVC video stream where all NAL ainits

contained in the stream conform to one or more profiles defined in Annex H of Rec. ITU-T H.265 |
ISO/IEC 23008-2

0x2B HEVC temporal enhancement sub-partition of an HEVC video stream where all NAL units contained in the
stream conform to one or more profiles defined in Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2

0x2C-0x7E Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Reserved

7) Clause 2.6.6

Replace Table 2-49 with:

Table 2-49 — Hierarchy descriptor

Syntax No. of bits | Mnemonic
hierarchy descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
no_view_scalability flag 1 bslbf
no_temporal_scalability flag 1 bslbf
no_spatial_scalability_flag 1 bslbf
no_quality_scalability flag 1 bslbf
hierarchy_type 4 uimsbf
reserved 2 bslbf
hierarchy clayer_index 6 uimsbf
tref present flag 1 bslbf
reserved 1 bslbf
hierarchy_embedded_layer_index 6 uimsbf
reserved 2 bslbf
hierarchy_channel 6 uimsbf
}

8) Clause 2.6.7

Replace:

temporal_scalability_flag — A 1-bit flag, which when set to '0" indicates that the associated program element enhances

the frame rate of the bit-stream resulting from the program element reterenced by the hierarchy _embedded_layer index.
The value of '1" for this flag is reserved.

spatial_scalability_flag — A 1-bit flag, which when set to '0' indicates that the associated program element enhances the
spatial resolution of the bit-stream resulting from the program element referenced by the
hierarchy embedded layer index. The value of '1' for this flag is reserved.

quality _scalability flag — A 1-bit flag, which when set to '0' indicates that the associated program element enhances the
SNR quality or fidelity of the bit-stream resulting from the program element referenced by the
hierarchy embedded layer index. The value of '1' for this flag is reserved.

4 Rec. ITU-T H.222.0 (2014)/Amd.2 (12/2015)
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hierarchy_type — The hierarchical relation between the associated hierarchy layer and its hierarchy embedded layer is
defined in Table 2-50. If scalability applies in more than one dimension, this field shall be set to the value of '8'
("Combined Scalability"), and the flags temporal scalability flag, spatial scalability flag and quality scalability flag
shall be set accordingly. For MVC video sub-bitstreams, this field shall be set to the value of '9' ("MVC video
sub-bitstream") and the flags temporal scalability flag, spatial scalability flag and quality scalability flag shall be set
to'l". For MVC base view sub-bitstreams, this field shall be set to the value of '15' and the flags temporal scalability flag,
spatial scalability flag and quality scalability flag shall be setto 'l'. For MVCD video sub-bitstreams, this field shall be
set to the value of '9' ("M VCD video sub-bitstream") and the flags temporal scalability flag, spatial scalability flag and
quality scalability flag shall be set to 'l'. For MVCD base view sub-bitstreams, this field shall be set to the value of '15'

and the ffags temporat_scarabiiity 11ag, spatial_scalability flag and quality scalability ftag shaii be sertto T+
with:

no_view_scalability_flag — A 1-bit flag, which when set to '0' indicates that the associated program element enhances
the number of views of the bit-stream resulting from the program element referenced( by the
hierarchy embedded layer index. The value of '1' for this flag is reserved.

no_temporal_scalability flag — A 1-bit flag, which when set to '0' indicates that the associated,program element
enhances the frame rate of the bit-stream resulting from the program element referenced by the
hierarchy embedded layer index. The value of '1' for this flag is reserved.

no_spatial_scalability flag — A 1-bit flag, which when set to '0' indicates that the associated’pfogram element enhances
the spatial resolution of the bit-stream resulting from the program eclement referenced by the
hierarchy embedded layer index. The value of '1' for this flag is reserved.

no_quality_scalability flag — A 1-bit flag, which when set to '0' indicates that the @ssociated program element enhances
the SNR quality or fidelity of the bit-stream resulting from the .program eclement referenced by the
hierarchy embedded layer index. The value of '1' for this flag is reserved.

hierarchy_type — The hierarchical relation between the associated hierarchy layer and its hierarchy embedded layer is
defined in Table 2-50. If scalability applies in more than one diménsion, this field shall be set to the value of 'S8’
("Combined Scalability"), and  the flags no view scalability flag, no_temporal scalability flag,
no_spatial scalability flag and no quality scalability flag shall be'set accordingly. For MVC video sub-bitstreams, this
field shall be set to the value of '9' ("MVC video .sub-bitstream") and the flags no view scalability flag,
no_temporal scalability flag, no spatial scalability flag.and no quality scalability flag shall be set to 'l'. For MVC
base view sub-bitstreams, this field shall be set to, the value of 'l5' and the flags no view scalability flag,
no_temporal scalability flag, no_spatial scalabilityx flag and no_quality scalability flag shall be set to 'l'. For MVCD
video sub-bitstreams, this field shall be set to\the value of '9' ("MVCD video sub-bitstream") and the flags
no_view_scalability flag, no temporal scalability flag, no spatial scalability flag and no_quality scalability flag
shall be set to 'l'. For MVCD base view_sub-bitstreams, this field shall be set to the value of '15' and the flags
no view_scalability flag, no temporal scalability flag, no_spatial scalability flag and no quality scalability flag
shall be set to '1".

Replace in Table 2-50 the description for values 8, 10 and 15, and redefine the reserved range as follows:

Table 2-50 — Hierarchy_type field values

Value Description
8 Combined Scalability or MV-HEVC sub-partition.
10. Auxiliary picture layer as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2.
11-14 Reserved
15 Base layer or MVC base view sub-bitstream or AVC video sub-bitstream of MVC or HEVC temporal
video sub-bitstream or HEVC base sub-partition.

Rec. ITU-T H.222.0 (2014)/Amd.2 (12/2015) 5
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9) Clause 2.6.90

Replace Table 2-105 with:

Table 2-105 — Extension descriptor

Syntax No. of Mnemonic
bits
Extension—deseriptor{J—+
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
extension_descriptor_tag 8 uimsbf
if ( extension_descriptor tag == 0x02 ) {
ObjectDescriptorUpdate( )
}
else if ( extension_descriptor_tag == 0x03 ) {
HEVC _timing_and HRD _descriptor()
}
else if ( extension descriptor tag == 0x04 ) {
af_extension_descriptor( )
}
else if ( extension_descriptor tag == 0x05) {
HEVC_operation_point_descriptor( )
}
else if ( extension_descriptor_tag == 0x06 ) {
HEVC_hierarchy_extension_descriptor())
}
else {
for (i=0; i<N; i++){
reserved 8 bslbf
}
}
}
10) Clause 2.6.91

Add the following immediately before Table 2-106:

HEVC_operation_point’ descriptor( ) — This structure is defined in 2.6.100 and 2.6.101.

HEVC_hierarchy~extension_descriptor( ) — This structure is defined in 2.6.102 and 2.6.103.

Replace in Table 2-106 the description for values 5 to 255 as follows:

Table 2-106 — Extension descriptor tag values

Extension_descriptor_tag TS | PS Identification
5 X | n/a | HEVC operation point descriptor()
6 X n/a | HEVC hierarchy extension descriptor( )
7-255 n/a | n/a | Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Reserved

6 Rec. ITU-T H.222.0 (2014)/Amd.2 (12/2015)
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11) Clause 2.6.95

Add the following text immediately before Table 2-109:

This descriptor, when present, shall only be used for elementary streams with a stream_type value of 0x24 or 0x25. When
the program element for which this descriptor is used is part of an HEVC layered video stream, i.e., the program contains
at least one other program element with a stream type value in the range of 0x28-0x2B, the semantics of
HEVC still present flag, HEVC 24hr picture present flag and sub pic _hrd params not present flag shall apply to
the whole HEVC layered video stream, i.e., also to all program elements with a stream_type value in the range of
0x28-0x?2RB

NOTE - For elementary streams with a stream_type value in the range of 0x28-0x2B, the applicable value of level idc can be
ambiguous and depend on the output layer set, i.e. the combination with other elementary streams. This information is signalled
by the HEVC operation point descriptor.

12) Clause 2.6.96

Replace:

HEVC _still_present_flag — This 1-bit field, when set to '1", indicates that the HEVC video stream ot the HEVC highest
temporal sub-layer representation may include HEVC still pictures. When set to '0', then the-associated HEVC video
stream shall not contain HEVC still pictures.

NOTE 2 — According to Rec. ITU-T H.265 | ISO/IEC 23008-2, IDR pictures are always asso¢iated with a Temporalld value equal

to 0, Consequently, if the HEVC video descriptor applies to an HEVC temporal video_subset, HEVC still pictures can only be
present in the associated HEVC temporal video sub-bitstream.

HEVC_24 hour_picture_present_flag — This 1-bit flag, when set to 'l', indicates that the associated HEVC video
stream or the HEVC highest temporal sub-layer representation may contain®HEVC 24-hour pictures. For the definition of
an HEVC 24-hour picture, see clause 2.1.97. If this flag is set to '0', thecassociated HEVC video stream shall not contain
any HEVC 24-hour pictures.

sub_pic_hrd_params_not_present_flag — This 1-bit field, whé€n)set to '0', indicates that the VUI in the HEVC video
stream shall have the syntax element sub pic hfd params present flag set to 'l When the
sub_pic_hrd params not present flag is set to 'l', the™ associated HEVC video stream may not contain
sub_pic_hrd params_present flag in the VUI or the flag may be set to '0'".
NOTE 3 — Decoders that support the sub-picture procgssing mode are expected to manage the T-STD using the appropriate delay
values in the HEVC video stream specified in the relevant SEI messages defined in ISO/IEC 23008-2:2013 and in addition in
Annex C.2.3 (timing of decoding unit removal anddecoding of decoding unit) instead of the time stamp values in the PES header.

with:

HEVC _still present_flag — This 1-bit'field, when set to '1', indicates that the HEVC video stream or the HEVC highest
temporal sub-layer representation may include HEVC still pictures. For the definition of an HEVC still picture, see clause
2.1.103. When the HEVC still present flag is set to '0', the associated HEVC video stream shall not contain HEVC still
pictures.

When the program element to which this descriptor applies is part of an HEVC layered video stream and the
HEVC still present flag-is set to '0', the whole HEVC layered video stream shall not contain HEVC still pictures.

NOTE 2 — According to Rec. ITU-T H.265 | ISO/IEC 23008-2, IDR pictures are always associated with a Temporalld value equal
to 0. Consequently, if the HEVC video descriptor applies to an HEVC temporal video subset, HEVC still pictures can only be
present in‘the associated HEVC temporal video sub-bitstream.

HEVC_24~hour_picture_present_flag — This 1-bit flag, when set to 'l', indicates that the associated HEVC video
streanrot the HEVC highest temporal sub-layer representation may contain HEVC 24-hour pictures. For the definition of
an-HEVC 24-hour picture, see clause 2.1.97. When the HEVC 24 hour picture present flag is set to '0', the associated
HEVC video stream shall not contain any HEVC 24-hour pictures.

AWSa . 1

‘V‘V"llCll t‘llC PlUslalll C‘lClllCllt tU W‘ll;b‘ll t‘llib C‘lcbbl lPtUl a})}}}lcb iD Palt \Jf all IIE \AY2 la_yclcu V;C‘IUU Dtlcalll aud
HEVC 24 hour picture present flag is set to '0', the whole HEVC layered video stream shall not contain any HEVC
24-hour pictures.

sub_pic_hrd_params_not_present_flag — This 1-bit field, when set to '0', indicates that the VUI in the HEVC video
stream shall have the syntax element sub pic_hrd params present flag set to 'l When the
sub_pic_hrd params not present flag is equal to 'l', the associated HEVC video stream may not contain
sub_pic_hrd params present flag in the VUI or the sub_pic_hrd params present flag may be set to '0'.
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When the program element to which this descriptor applies is part of an HEVC layered video stream and
sub_pic_hrd params not present flag is set to '0', the following apply:

*  The HEVC timing and HRD descriptor shall be present in the program map table associated with the program.

NOTE 3 — If sub_picture_hrd params not_present equals '0', HRD parameters can be expected to be present, though the
hrd management valid flag is not mandated to be set to 'l"' in this case.

*  The HRD parameter structures that are applicable for all program elements with stream_type value of 0x24,
0x25, or in the range of 0x28-0x2B, inclusively, shall be present in the HEVC video stream and the value of
sub_pic_hrd params_present flag in those HRD parameter structures shall be set to '1'.

13) Clause 2.6.97

Replace Table 2-110 with the following:

Table 2-110 - HEVC timing and HRD descriptor

Syntax No. of bits Mnemoni¢
HEVC timing and HRD descriptor() {
hrd_management_valid_flag 1 bslbf
target_schedule_idx_not_present_flag 1 bslbf
target_schedule_idx 5 uimsbf
picture_and_timing_info_present_flag 1 bslbf
if (picture_and timing info present flag=="1") {
90kHz_flag 1 bslbf
reserved 7 bslbf
if (90kHz flag=="0") {
N 32 uimsbf
K 32 uimsbf
}
num_units_in_tick 32 uimsbf
}
}

14) Clause 2.6.98

Replace the following paragraphs:

hrd_management_valid_flag — This\I-bit flag is only defined for use in transport streams. When the HEVC timing and
HRD descriptor is associated with~an HEVC video stream or with an HEVC highest temporal sub-layer representation
carried in a transport stream,_then the following apply.

If the hrd_management,valid_flag is set to 'l', then Buffering Period SEI and Picture Timing SEI messages, as defined
in Annex C of Rec. JTU=T H.265 | ISO/IEC 23008-2, shall be present in the associated HEVC video stream or HEVC
highest temporal- . sub-layer representation. These buffering period SEI messages shall carry coded
nal initial cpbsremoval delay and nal initial cpb removal delay offset values and may additionally carry
nal initial alf ‘yemoval delay and nal initial alt cpb removal delay offset values for the NAL HRD. If the
hrd_management valid flag is set to 'l', then the transfer of each byte from MB, to EB, in the T-STD as defined in 2.17.2
or the trausfer from MB,x to EB, in the T-STD as defined in 2.17.3 shall be according to the delivery schedule for that
byte \Ninto the CPB in the NAL HRD, as determined from the coded nal initial cpb removal delay and
nal»nitial cpb removal delay offset or from the coded nal initial alt cpb removal delay and
nal initial alt cpb removal delay offset values for SchedSelldx equal to cpb_cnt minusl, as specified in Annex C of
Rec ITUI-T H 265 | ISO/NEC 23008-2 When the brd management valid flag is set t0'0'_the leak method shall be nsed

for the transfer from MB,, to EB, in the T-STD as defined in 2.17.2 or the transfer from MB,x to EB, in the T-STD as
defined in 2.17.3.

with:

hrd_management_valid_flag — This 1-bit flag is only defined for use in transport streams. When the HEVC timing and
HRD descriptor is associated with an HEVC video stream or with an HEVC highest temporal sub-layer representation
carried in a transport stream, then the following rules apply.
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When the value of hrd management valid flag is equal to '1', Buffering Period SEI and Picture Timing SEI messages,
as defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2, shall be present in the associated HEVC video stream or
HEVC highest temporal sub-layer representation. For HEVC layered video streams, each HEVC operation point signalled
in the HEVC operation point descriptor shall have applicable Buffering Period SEI and Picture Timing SEI messages. All
Buffering Period SEI messages shall carry coded nal initial cpb removal delay and nal initial cpb _removal offset
values and may additionally carry nal initial alt removal delay and nal initial alt cpb_removal offset values for the
NAL HRD. If the hrd management valid flag is set to '1', then the transfer of each byte from MB, to EB,, in the T-STD
as defined in 2.17.2 or the transfer from MB,,x to EB, in the T-STD as defined in 2.17.3 or the transfer of each byte from
MB; to EB, in the T-STD as defined in 2.17.4 shall be according to the delivery schedule for that byte into the CPB in

The NAL HRD; a5 determined from the coded nal_initial_cpo_removal_deiay and nal_nitial_cpo_Temoval_o11Set of 1fom
the coded nal initial alt cpb removal delay and nal initial alt cpb removal offset values for SchedSelldx equal to
target schedule idx as specified in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2. When .fhe
hrd management valid flag is set to '0', the leak method shall be used for the transfer from MB, to EB,, in the T-SFD/as
defined in 2.17.2,2.17.3 and 2.17.4.

target_schedule_idx_not_present_flag — This 1-bit flag when set to '0' indicates that the following 5 bits:tepresent the
value target schedule idx as specified below. When set to 'l', the following 5 bits are unspecified. When
hrd management valid flag is equal to 0, then target schedule idx not present flag shall be set to 1"

target _schedule idx — When target schedule idx not present flag is equal to '0', this 5-bit field indicates the index of
the delivery schedule which is assigned for SchedSelldx. When the value of target schedule,idx not present flag is
equal to '1' and the value of hrd_management valid flag is equal to 'l', the value of target_sehedule idx is inferred to be
equal to '0'.

15) Clauses 2.6.100 to 2.6.103

Add the following new clauses immediately after clause 2.6.99:

2.6.100 HEVC operation point descriptor

The HEVC operation point descriptor provides a method to indieate profile and level for one or more HEVC operation
points. When present, the HEVC operation point descripter shall be included in the group of data elements which
immediately follow the program_info length field in the program map section.

NOTE - For some applications, the TS may not contain allpperation points described in the HEVC operation point descriptor, or

the HEVC operation point descriptor may not describe ‘all operation points available in the TS. However, as far as matching
elementary streams are found in the TS, the information provided in the descriptor should describe the operation points correctly.
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Table 2-111bis — HEVC operation point descriptor

Syntax No. of bits | Mnemonic

HEVC operation_point_descriptor( ) {

reserved 2 bslbf
num_ptl 6 uimsbf
for (1=0; i <num_ptl; i++, i++) {
profile_tier_level infol[i] 96 bslbf
}
operation_points_count 8 uimsbf
for (1= 0; 1 <operation_points_count; i++) {
target_olsJi] 8 uimsbf
ES_count[i] 8 uimsbf
for (j=0;j <ES_count[i]; j++) {
reserved 1 bslbf
prepend_dependencies[i] [j] 1 bslbf
ES_referenceli][j] 6 uimsbf
H
reserved 2 bslbf
numEsInOpli] 6 uimsbf
for (k= 0; k < NumESinOP[i]; k++) {
necessary_layer_flag[i] [k] 1 bslbf
output_layer_flag[i][Kk] 1 bslbf
ptl_ref_idx[i][k] 6 uimsbf
}
reserved 1 bslbf
avg_bit_rate_info_flag]i] 1 bslbf
max_bit_rate_info_flag]i] 1 bslbf
constant_frame_rate_info_idc[i] 2 uimsbf
applicable_temporal_id[i] 3 uimsbf
if (constant_frame rate info_ide[i]>0) {
reserved 4 bslbf
frame_rate_indieator[i] 12 uimsbf
}
if (avg bit rate info lag[i] =="1") {
avg_bit-rateli] 24 uimsbf
}
if ( max bityrate info flag[i] =="1") {
max_bit_rate[i] 24 uimsbf
}

}

2.6.101 Semantic definition of fields in HEVC operation point descriptor
num_ptl — This 6-bit field specifies the number of profile, tier and level structures signalled in this descriptor.

profile_tier levelvinfo[i] — This 96-bit field shall be coded according to the syntax structure of profile_tier level defined
in clause 7.3.3)0f Rec. ITU-T H.265 | ISO/IEC 23008-2 with the value of profilePresentFlag set equal to 'l' and
maxNumSublLayersMinus1 set equal to 6.

If multiple HEVC operation point descriptors are found for the same program, all profile tier level info[x] elements of
allkHEVC operation point descriptors for this program are aggregated in their order of occurrence into a common array,
which is referenced in this specification as profile tier level array[]. If there is only a single HEVC operation point
descriptor, profile tier level array[] contains the elements profile tier level info[x] in the order as found in that single

descriptor.

operation_points_count — This 8-bit field indicates the number of HEVC operation points described by the list included
in the following group of data elements.

target ols[i] — An 8-bit field that specifies the index into the list of output layer sets in the VPS, associated with the i-th
HEVC operation point defined in this descriptor.
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ES_count[i] — This 8-bit field indicates the number of ES reference values included in the following group of data
elements. The aggregation of elementary streams, according to the ordered list indicated in the following group of data
elements, forms an HEVC operation point. The value 0xff is reserved.

Let OperationPointESList[i] be the list of elementary streams that are part of the i-th HEVC operation point.

prepend_dependencies[i][j] — This flag if set to '1' specifies that the elementary stream indicated by ES_reference[i][j],
when not present yet in OperationPointESList[i], shall be added into OperationPointESList[i] and the elementary stream
indicated by the syntax element hierarchy embedded layer index in the hierarchy descriptor, or all of the elementary
streams indicated by the syntax element hierarchy ext embedded layer index in the HEVC hierarchy extension

descriptor, with the hierarchy layer index value specitied by the following syntax element ES reference[1][j]|, when not
present yet in OperationPointESList[i], shall be added into OperationPointLayerList[i] immediately before the elementary
stream signalled by the ES reference[i][j] in ascending order of the value of their associated
hierarchy embedded layer index or hierarchy ext embedded layer index. When the value of
prepend_dependencies[i][j] is equal to '0', only the elementary stream indicated by ES reference[i][j], when nét present
yet in OperationPointESList[i], shall be added into OperationPointESList[i]. The elementary stream indicated by
ES reference[i][m] shall be placed earlier (i.e., with a lower index) into OperationPointESList[i] than the elementary
stream indicated with ES reference[i][n] when m is less than n. The order of elementany’stream in the
OperationPointESList[i] shall be in ascending order of their hierarchy layer index values.

ES_reference[i][j] — This 6-bit field indicates the hierarchy layer index value present in the hierarchy descriptor or HEVC
hierarchy extension descriptor which identifies an elementary stream. The value ,0f)ES reference[i][m] and
ES reference[i][n] for m not equal to n shall not be the same.

numEsInOpli] — This 6-bit field indicates the number of elementary streams in OperationPointESList[i] after all the ESs
that are part of the i-th HEVC operation point have been included into OperationPointESList[i] (i.e., after parsing
prepend_dependencies[i][ES_count[i] — 1]).

necessary_layer_ flag[i][k] — This flag when set to '1' indicates that the k-th'élementary stream in OperationPointESList[1]
is a necessary layer, as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC23008-2, of the i-th operation point. This flag
equal to '0' indicates that the k-th elementary stream in OperationPointESList[i] is not a necessary layer, as defined in
Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, of the i-th operation point.

output_layer_flag[i][k] — This flag when set to 'l' indicates_that the k-th elementary stream in OperationPointESList[i]
is an output layer. Otherwise, when set to '0', it indicates that the k-th elementary stream in OperationPointESList[i] is
not an output layer. When the value of necessary _layer flag[i][k] is equal to '0', the value of output_layer flag[i][k] shall
be ignored.

ptl_ref idx[i][k] — A 6-bit field that indicates the index x to the profile tier level info[x] element of the
profile_tier level array which applies to the k<th elementary stream in OperationPointESList[i]. When the value of
necessary layer flag[i][k] is equal to '0', the, value of ptl_ref idx[i][k] shall be ignored.

avg_bit_rate_info_flag[i] — This flag indicates whether the syntax element avg_bit_rate[i] is present in this descriptor.
max_bit_rate info_flag[i] — This flag indicates whether the syntax element max_bit_rate[i] is present in this descriptor.

constant_frame_rate_info_idc[i] — This 2-bit field, in combination with the syntax element frame rate indicator as
specified below, indicates(how the frame rate for the associated operation point j is determined. The value of '0' indicates
that the frame rate is not specified for the i-th HEVC operation point and that the syntax element frame rate indicator is
not present in this d€scriptor for the i-th HEVC operation point.

applicable_temporal id[i] — This 3-bit field indicates the highest value of Temporalld of the VCL NAL units in the re-
assembled HEV€ video stream for operation point i.

frame_rate indicator[i] — If constant_frame rate info idc[i] is equal to 'l', this 12-bit field indicates a constant number
of ticks, Jas specified in the HEVC timing and HRD descriptor, for the distance in time between two pictures at the i-th
HEV.C operation point. If constant_frame rate info_idc[i] equals '2', this 12-bit field indicates the frame rate for the i-th
operation point measured in frames per second. If constant frame rate info idc[i] equals '3, this 12-bit field indicates
the frame rate for the i-th HEVC operation point measured in frames per 1.001 seconds.

avg_bit_rate[i] — This 24-bit field indicates the average bit rate, in 1000 bits per second, of the HEVC layered video
stream corresponding to the i-th HEVC operation point.

max_bit_rate[i] — This 24-bit field indicates the maximum bit rate, in 1000 bits per second, of the HEVC layered video
stream corresponding to the i-th HEVC operation point.
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2.6.102 HEVC hierarchy extension descriptor

The HEVC hierarchy extension descriptor provides information to identify the program elements containing components
of layered HEVC streams (see Table 2-111ter). When present, this descriptor shall only be used for elementary streams
with the stream_type value 0x28, 0x29, 0x2A or 0x2B.

Table 2-111ter —- HEVC hierarchy extension descriptor

Syntax No. of bits | Mnemonic
HEVC hierarchy extension_descriptor( ) {
extension_dimension_bits 16 bslbf
hierarchy_layer_index 6 uimsbf
temporal_id 3 uimsbf
nuh_layer_id 6 uimsbf
tref_present_flag 1 bslbf
Reserved 2 bslbf
num_embedded_layers 6 uimsbf
Reserved 2 bslbf
hierarchy_channel 6 uimsbf
for (1=0;1i<num_embedded layers ;it+) {
Reserved 2 bslbf
6 uimsbf
hierarchy_ext_embedded_layer_index[i]
}
}

2.6.103 Semantic definition of fields in HEVC hierarchy extension descriptor

When the HEVC hierarchy extension descriptor is present,%it is used to specify the dependency of the associated
elementary stream to other elementary streams in the same program.

extension_dimension_bits — A 16-bit field indicating the possible enhancement of the associated program element from
the base layer resulting from the program element ofithe layer with nuh_layer id equal to '0".

The allocation of the bits to enhancement dimensions is given in Table 2-111quater.

Table 2-111quater — Semantics of extension dimension bits

Index to bits Description
0 Multi-view enhancement
1 Spatial scalability, including SNR quality or fidelity enhancement
2 Depth enhancement
3 Temporal enhancement
4 Auxiliary enhancement
5-15 Reserved

The i-th bit'equal to '1' indicates that the corresponding enhancement dimension is present. When the elementary stream
contdins’auxiliary pictures as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, the value of the 4th bit of
extension_dimension_bits shall be set equal to 'l', otherwise, it shall be set equal to '0'. When the elementary stream
centains auxiliary pictures that are depth pictures, as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, the

value of both the 2nd and the 4th bits of extension dimension bits shall be set equal to '1"

hierarchy layer index — A 6-bit field that defines a unique index of the associated program elements in a table of coding
layer hierarchies. Indices shall be unique within a single program definition. For video sub-bitstreams of HEVC video
streams conforming to one or more profiles defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, this is the
program element index, which is assigned in a way that the bitstream order will be correct if the associated dependency
layers of the video sub-bitstreams of the same HEVC access unit are re-assembled in increasing order of
hierarchy layer index.
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temporal_id — A 3-bit field that specifies the highest Temporalld of the NAL units in the elementary stream associated
with this HEVC hierarchy extension descriptor.

nuh_layer_id — A 6-bit field that specifies the highest nuh_layer id of the NAL units in the elementary stream associated
with this HEVC hierarchy extension descriptor.

tref_present_flag — A 1-bit flag, which when set to '0' indicates that the TREF field may be present in the PES packet
headers in the associated elementary stream. The value of '1' for this flag is reserved.

num_embedded_layers — A 6-bit field that specifies the number of direct dependent program elements that need to be

extension descriptor.

hierarchy channel — A 6-bit field that indicates the intended channel number for the associated program element ifn)an
ordered set of transmission channels. The most robust transmission channel is defined by the lowest value of this field
with respect to the overall transmission hierarchy definition.

NOTE — A given hierarchy channel may at the same time be assigned to several program elements.

hierarchy_ext_embedded_layer_index[i] — A 6-bit field that defines the hierarchy layer index of the program element
that needs to be accessed and be present in decoding order before decoding of the elementary streaniassociated with this
HEVC hierarchy extension descriptor.

16) Clause 2.17.1

Replace the following text:

* An HEVC video stream or HEVC temporal video sub-bitstreamnshall be an element of an Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 program and the stream_type for-this'elementary stream shall be equal to 0x24.

with:

*  An HEVC video stream or HEVC temporal video sib-bitstream of an HEVC video stream conforming to
one or more profiles defined in Annex A of ReenFDU-T H.265 | ISO/IEC 23008-2 shall be an element of
an Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program and the stream_type for this elementary stream shall
be equal to 0x24.

NOTE 1bis — Such a stream can be the HEVC base sub-partition of an HEVC video stream conforming to one or
more profiles defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2.

Replace the following text:

*+ For each HEVC temporal-video subset that is an element of the same Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 program,the stream_type for this elementary stream shall be equal to 0x25.

*  When a Rec. ITU-T-H.222.0 | ISO/IEC 13818-1 program includes more than one HEVC video temporal
subset, or more than)one HEVC temporal video sub-bitstream and at least one HEVC temporal video
subset, a hierarghy-descriptor as defined in 2.6.7 shall be present for all associated elementary streams with
stream type-equal to 0x24 or 0x25. The hierarchy descriptors shall be used to indicate the dependencies of
the HEVE temporal video sub-bitstreams and all HEVC temporal video subsets .

with:

*  Eorreach HEVC temporal video subset of an HEVC video stream conforming to one or more profiles
defined in Annex A of Rec. ITU-T H.265 | ISO/IEC 23008 2 that is an element of the same Rec. ITU-T
H.222.0 | ISO/IEC 13818 1 program, the stream_type for this elementary stream shall be equal to 0x25.

NOTE Iter — Such a stream can be an HEVC sub-partition of an HEVC video stream conforming to one or more
profiles defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2.

* An HEVC enhancement sub-partition of an HEVC video stream conforming to one or more profiles
defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2 shall be an element of an

Rec. ITU-T H.222.0 | ISO/IEC 13818 1 program. The stream_type for this elementary stream shall be set
according to Table 2-34.

*  The video parameter sets, sequence parameter sets, and picture parameter sets, as specified in Rec. ITU-T
H.265 | ISO/IEC 23008-2, necessary for decoding an HEVC video stream, HEVC temporal video
sub-bitstream, or HEVC base sub-partition shall be present within the elementary stream carrying that
HEVC video stream, HEVC temporal video sub-bitstream, or HEVC base sub-partition.
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*  When an Rec. ITU-T H.222.0 | ISO/IEC 13818 1 program includes one or more elementary streams with
stream_type equal to 0x28, 0x29, 0x2A or 0x2B, at least one HEVC operation point descriptor shall be
present in the program map table associated with the program.

*  When an Rec. ITU-T H.222.0 | ISO/IEC 13818 1 program includes more than one elementary stream with
the same stream_type value of 0x24, 0x25 or in the range of 0x28-0x2B and hierarchy cannot be implied
as specified in table 2-121, one hierarchy descriptor as defined in 2.6.7 shall be present for each elementary
stream with a stream_type value of 0x24, 0x25 and one HEVC hierarchy extension descriptor as defined
in 2.6.102 shall be present for each elementary stream with a stream_type value in the range of 0x28-0x2B.
NO guater — Hie hy descriptors or H hie hy extension descriptors are needed ta ion a hierarch

layer index to each elementary stream if hierarchy cannot be implied, as specified in Table 2-121.

Add at the end of the bulleted list:

* The aggregation, as specified in 2.17.4, of an HEVC enhancement sub-partition with all..HEVC
sub-partitions according to the HEVC operation signalled in the HEVC operation point descripter shall
result in a valid layered HEVC video stream.

NOTE 2bis — The resulting HEVC video stream is the HEVC operation point of that HEVC enhancefment sub-partition.

*  Each HEVC picture with nuh_layer id larger than O shall be contained within an elefnentary stream with
a stream_type equal to either 0x28, 0x29, 0x2A or 0x2B.

*  An elementary stream ES;. with stream_type equal to either 0x29 or 0x2B shall-satisfy the following:

— The elementary stream ES. contains an HEVC temporal video‘/subset which is a temporal
enhancement for exactly one reference elementary stream ES i:€., the layer L; present in the
reference elementary stream ES,.r shall also be present in the el€mentary stream ESie.

NOTE 2ter — The reference elementary stream ESier is either an HEVC temporal vided sub-bitstream with a stream_type equal to

either 0x28 or 0x2A or another HEVC temporal video subset with stream_type~equal to either 0x29 or 0x2B, respectively, for
which the same applies.

Replace the following text:

Rec. ITU-T H.265 | ISO/IEC 23008-2 Video is carried in PES packets as PES packet data bytes, using one of the 16
stream_id values assigned to video, while signalling the Rec. I'LTU-T H.265 | ISO/IEC 23008-2 video stream by means of
the assigned stream-type value in the PMT (see Table 2-34)~Fhe highest level that may occur in an HEVC video stream
as well as a profile and tier that the entire stream conformsi\to should be signalled using the HEVC video descriptor. If an
HEVC video descriptor is associated with an HEVC «xideo stream, an HEVC temporal video sub-bitstream, an HEVC
temporal video subset, then this descriptor shall be,coniveyed in the descriptor loop for the respective elementary stream
entry in the Program Map Table. This Recomme¢ndation | International Standard does not specify presentation of Rec.
ITU-T H.265 | ISO/IEC 23008-2 streams in the‘context of a program.

with:

Rec. ITU-T H.265 | ISO/IEC 23008.2"video is carried in PES packets as PES packet data bytes, using one of the 16
stream_id values assigned to videos-while signalling the Rec. ITU-T H.265 | ISO/IEC 23008 2 video stream, by means of
the assigned stream-type valugnin‘'the PMT (see Table 2-34). The highest level that may occur in an HEVC video stream
as well as a profile and tierthat the entire stream conforms to should be signalled using the HEVC video descriptor. If an
HEVC video descriptor is)associated with an HEVC video stream, an HEVC temporal video sub-bitstream, an HEVC
temporal video subsét;yor an HEVC enhancement sub-partition, then this descriptor shall be conveyed in the descriptor
loop for the respeétive elementary stream entry in the program map table. This Recommendation | International Standard
does not specify#the presentation of Rec. ITU-T H.265 | ISO/IEC 23008 2 streams in the context of a program.

Replace thefollowing text:

Carriage’of an HEVC video stream, an HEVC temporal video sub-stream or an HEVC temporal video subset over Rec.
ITU=T H.222.0 | ISO/IEC 13818-1 does not impact the size of buffer DPB. For decoding of an HEVC video stream, an
HEVC temporal video sub-bitstream or an HEVC temporal video sub-bitstream and its associated HEVC temporal video
subsets in the STD, the size of DPB is as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2. The DPB shall be managed as

specified in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2 (clauses C.3 and C.5). A decoded HEVC access unit enters
the DPB instantaneously upon decoding of the HEVC access unit, hence at the CPB removal time of the HEVC access
unit. A decoded HEVC access unit is presented at the DPB output time. If the HEVC video stream, HEVC temporal video
sub-bitstream or HEVC temporal video subset provides insufficient information to determine the CPB removal time and
the DPB output time of HEVC access units, then these time instants shall be determined in the STD model from PTS and
DTS timestamps as follows:
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with:

Carriage of an HEVC video stream, an HEVC temporal video sub-stream, an HEVC temporal video subset or an HEVC
enhancement sub-partition over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 does not impact the size of buffer DPB. For
decoding of an HEVC video stream, an HEVC temporal video sub-bitstream or an HEVC temporal video sub-bitstream
and its associated HEVC temporal video subsets in the STD, the size of DPB is as defined in Rec. ITU-T H.265 |
ISO/IEC 23008-2. The DPB shall be managed as specified in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2
(clauses C.3 and C.5). A decoded HEVC access unit enters the DPB instantaneously upon decoding of the HEVC access
unit, hence at the CPB removal time of the HEVC access unit. A decoded HEVC access unit is presented at the DPB

output time If the HEVC video stream HEVC temporal video sub-hitstream or HEVC temparal video snhset provides
insufficient information to determine the CPB removal time and the DPB output time of HEVC access units, then these
time instants shall be determined in the STD model from PTS and DTS timestamps as follows:

17) Clause 2.17.4

Add the following new clause after clause 2.17.3:

2.17.4 T-STD extensions for layered transport of HEVC sub-partitions with bitstream-partition-specific CPB
operation

When there is at least one elementary stream with stream_type value in the range of 0x28 to 0x2B in a Rec. ITU-T H.222.0
| ISO/IEC 13818-1 program, the T-STD model as described in 2.4.2 is extended for elementapy streams with a stream_type
value in the range of 0x28 to 0x2B as illustrated in Figure 2-20 and as specified below:

________________________________________________

Stream1 MV HEVC or SHVC non-base layer

I
i |
type1 :
i HEVC temporal video subset(s) "
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H.222.0(14)-Amd.2(15)_F2-20

Figure 2-20 — T-STD model extensions for bitstream-partition-specific CPB operation

NOTE - The lower dashed box containing blocks that handle the HEVC base layer represents the T-STD buffer model as specified
in 2.17.2, if there are no HEVC temporal video subsets, or 2.17.3, if the program contains at least one program element with

stream_type equal to 0x25
The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-20 above.
t(i) Indicates the time in seconds at which the i-th byte of the transport stream enters the system target decoder.

1 Is an index into the received HEVC sub-partitions of stream_type 0x28 or 0x2A (which include Temporalld
0). The order of HEVC sub-partitions is indicated by the HEVC operation point descriptor. The same index
also applies to corresponding HEVC temporal enhancement sub-partitions. Here, 1 starts from n, which is
associated with the HEVC base sub-partition, and runs up to (n+m), where m is specified below.
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m Is the number of received HEVC sub-partitions of stream_type 0x28 or 0x2A.

Hl Is the number of received HEVC corresponding temporal enhancement sub-partitions of the 1-th received
HEVC sub-partition of stream_type 0x28 or 0x2A, associated by HEVC hierarchy extension descriptors
with the same HEVC base sub-partition.

ESix Is the received elementary stream which contains the k-th HEVC corresponding temporal enhancement sub-
partition of the 1-th received HEVC sub-partition of stream_type 0x28 or 0x2A, or the 1-th HEVC sub-
partition of stream_type 0x28 or 0x2A if k equals 0.

ESmmrm—s-the-reeetved-elementary-streantwhich-eontainsthe HEV-Csub-partittenot the-highest HEVC-eperation
point in the set of received elementary streams.

PID n+mum Is the packet identifier value which identifies ESy+m tm.

] Is an index to the output HEVC access units.

Ci(j) Is the j-th HEVC layer component of the 1-th received HEVC sub-partition of stream_type 0x280r 0x2A or
HEVC corresponding temporal enhancement sub-partition.

An() Is the j-th HEVC access unit of the HEVC complete temporal representation.

tda(j) Is the decoding time of A.(j) in the system target decoder.

tri(j) Is the value of TREF, if available in the PES header attached to C(j), else the ‘decoding time of Ay(j) in the
system target decoder.

TBix Is the transport buffer for elementary stream ES.

TBSix Is the size of the transport buffer TB;x, measured in bytes.

MBix Is the multiplexing buffer for elementary stream ES.

MBSk  Is the size of the multiplexing buffer MB;x, measured in bytes.

EB; Is the elementary stream buffer for the received HEVC temporal video sub-bitstream ES; o and the received

HEVC temporal video subsets ES;; to ESin.
NOTE 1 — Each buffer EBi contains one partition as specified invAnnex F of Rec. ITU-T H.265 | ISO/IEC 23008-2.

EBS; Is the size of elementary stream buffer EBiimeasured in bytes.
Rxik Is the transfer rate from the k-th transport buffer TBx to the k-th multiplex buffer MBx as specified below.

Rbxj x Is the transfer rate from the k-th miultiplex buffer MBix to the elementary stream buffer EB, as specified
below.

NOTE 2 — The index n, where used, indi¢ates that the received elementary streams and associated buffers belong to a certain HEVC
base sub-partition, distinguishing these’ elementary streams and associated buffers from other elementary streams and buffers,
maintaining consistency with the notation in Figure 2-1 and other T-STD extensions.

TBik, MB.x, EB1 buffer management
The following applies:

*  There.islone transport buffer TBiy for each received elementary stream ES;x, where the size TBS; is fixed
t0\512 bytes.

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

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

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

MaxCPBltier, level]| and MaxBK[tier, level| are taken from the tier and level specitication of the HEVC tor the
tier and level of ES;x 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;.

*  There is one elementary stream buffer EB; for the Hl + 1 elementary streams in the set of received
elementary streams ES; to ESly mi, with a total size EBS;

EBS; = cpb_size (measured in bytes)
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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; u.

*  Transfer from TBix to MBix is applied as follows:
—  When there is no data in TByx then Rx;x is equal to zero.
—  Otherwise, Rx;x = bit_rate

bit rate is taken from the NAL 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 ESjy, if sub-layer HRD
parameters are present in the VPS and nal hrd parameters present flagis setto 'l

Otherwise:

bit rate = BrNalFactor / BrVclFactor x BitRateycr, if 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 operatifon
point associated with ES;x are present in the VPS and vcl hrd parameters present flag is set to '1"; BitRate vcr
is taken from the VCL HRD parameters.

BrNalFactor and BrVclFactor are as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 for the¢rofile, tier, and
level of ESix the HEVC operation point associated with ES .

In both cases, the index of the applicable hrd parameters( ) syntax structure in the active’VPS of the HEVC
video stream is given by: bsp hrd idx[ target ols ][ 0 ][ max temporal id ][ target schedule idx ][1+ 1] as
specified in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, where target ols‘@nd max_temporal id are
signalled in the HEVC operation point descriptor for the HEVC operation point associated with ESiy, and
target schedule idx is signalled in the HEVC timing and HRD descriptor.

*  Transfer from MBjx to EB; is applied as follows:

— Ifthe HEVC timing and HRD_ descriptor is present with. the hrd management valid flag set to 'l
for the HEVC video sub-bitstream, then the transfer ofdata from MBx to EB; shall follow the HRD
defined scheme for data arrival in the CPB of elementary stream ES;y as defined in Annex C of
Rec. ITU-T H.265 | ISO/IEC 23008-2.

—  Otherwise, the leak method shall be used to transfer data from MB;x to EB; as follows:
Rbx,x = CpbBrNalFactor x MaxBR[ti€r, level]

where MaxBR{tier, level] is as defined:for the byte stream format in the tier and level specification of
Rec. ITU T H.265 | ISO/IEC 23008-2«(Table A.2) for the tier and level for ES; signalled in the HEVC
operation point descriptor for ESi:

If there is PES packet payload data in MBiyx, and EB; is not full, the PES packet payload is transferred from MB;
to EB) at a rate equal to Rbx;x. If EB is-full, data are not removed from MBjx. When a byte of data is transferred
from MB,x to EB, all PES packety header bytes that are in MBjx and precede that byte are instantaneously
removed and discarded. When there is no PES packet payload data present in MBy, no data is removed from
MBi. All data that enters:MBix leaves it. All PES packet payload data bytes enter EB; instantaneously upon
leaving MBi .

Aggregation of elementary:streams

The HEVC layer list for an HEVC operation point is the OperationPointESList[] associated with the HEVC operation
point.

When there ism0.hierarchy descriptor or HEVC hierarchy extension descriptor present in the program map table
associated with,ah Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, a value for the hierarchy layer index is implicitly
assigned for-€ach elementary stream with stream type 0x24, 0x25, 0x28, 0x29, 0x2A and 0x2B as described in
Table 2<121.
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Table 2-121 — Implied hierarchy_layer_index if no hierarchy descriptors are used

Implied hierarchy layer_index for program element with stream_type value

Existing stream types
0x24 0x25 0x28 0x29 0x2A 0x2B

0x24

0x24, 0x25
0x24, 0x28

0x24 _0x25 _0x28

0x24, 0x25, 0x28, 0x29
0x24, 0x2A

0x24, 0x2A, 0x2B
0x24, 0x25, 0x2A

0x24, 0x25, 0x2A, 0x2B

1
1
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The HEVC operation point is aggregated from the HEVC layer components at the output of the elementary’stream buffers
EB by determining the value of TREEF, if available in the PES header, or else TREF is set to DT;S,\for the next HEVC
layer component at the output of EBn+m, and gathering all HEVC layer components with a DTS equal to TREF, in the
order given by the HEVC layer list as specified above, and transferring them to the HEVC decoder Dy.

Carriage in PES packets

For correct re-assembling of the HEVC layer components to an HEVC access unit, if there is an HEVC dependency
representation in the same HEVC access unit in more than one elementary streamythe following applies:

+  Each PES packet shall contain exactly one HEVC layer component;

*  The PTS and, if applicable, the DTS value shall be provided in the PES header of each HEVC layer
component;

«  Ifthe DTS value of the HEVC layer component in-afi elementary stream is different from the DTS value
of the HEVC layer component of the same HEV.G ‘access unit in an ES listed in the hierarchy descriptor or
the HEVC hierarchy extension descriptors ofithe first elementary stream, the TREF field as defined in
2.4.3.7 shall be present in the PES headef extension of the HEVC layer component of first elementary
stream and the TREF field value shall bg,equal to the DTS value of the HEVC layer component of the
second elementary stream.

STD delay

The STD delay of any Rec. ITU-T H.265,]dSO/IEC 23008-2 data other than HEVC still picture data through the System
Target Decoders buffers TBix, MBi, and EB; shall be constrained by td(j) — t(i) < 10 seconds for all 1, all k, all j, and all
bytes i in HEVC access unit An(j).

The delay of any HEVC still picture data through the system target decoders TBix, MBix, and EB; shall be constrained by
tdi(j) — t(i) < 60 seconds for alll. all k, all j, and all bytes i in HEVC access unit An(j).

Buffer management conditions

Transport streamsshall be constructed so that the following conditions for buffer management are satisfied:
» _Eagh TBx shall not overflow and shall be empty at least once every second;
) “Each MBy, EB), and DPB shall not overflow;

* EB; shall not underflow, except when VUI parameters are present for the HEVC video sequence with the
low delay hrd flag set to '1'. Underflow of EB; occurs for HEVC access unit An(j) when one or more
bytes of Ay(j) are not present in EB; at the decoding time tda(j).
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