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Transport of HEVC video over MPEG-2 systems

Summary

Amendment 3 to Recommendation ITU-T H.222.0 (2012) | ISO/IEC 13818-1:2013 specifies the transport of ITU-T
H.265 | ISO/IEC 23008-2 high efficiency video coding (HEVC) bit-streams over MPEG-2 transport streams as defined
in the Recommendation. This amendment does not include extensions for carriage of HEVC in program streams.

New stream types are specified to allow for the identification of elementary streams containing HEVC as a video codec.
HEVC-specific descriptors are added to signal HEVC-specific properties such as profile and level. The amendment
supports layered transport in case the HEVC bitstream contains more than one temporal sub-layer.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
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 ISO 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 written permission of ITU.
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INTERNATIONAL STANDARD
RECOMMENDATION ITU-T

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

Amendment 3

Transport of HEVC video over MPEG-2 systems

1) Clause 1.2.2

Add the following references:
—  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.

2) Clauses 2.1.95t0 2.1.109

Add the following definitions after clause 2.1.94:
2195 HEVC video stream: A byte stream as specified in Rec. ITU-T H. 265 | ISO/IEC 23008-2 Annex B.

2196 HEVC access unit: An access unit as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 with the constraints
specified in 2.17.1.

2197 HEVC 24-hour picture (system): An HEVC access unit with a presentation time that is more than 24 hours
in the future. For the purpose of this definition, HEVC access unit n has a presentation time that is more than 24 hours
in the future if the difference between the initial arrival time t,(n) and the DPB output time t,4,,(n) is more than
24 hours.

2198 HEVC dlices An HEVC independent slice segment and zero or more subsequent HEVC dependent slice
segments preceding the next HEVC independent slice segment (if any) within the same HEVC access unit.

2199 HEVC dice segment: A byte stream nal unit with nal unit type in the range of 0 to 9 and 16 to 23, as
defined in Rec. ITU-T H.265 | ISO/IEC 23008-2.

21100 HEVC dependent dlice segment: An HEVC dice segment with the syntax element
dependent slice segment flag in the slice header set to a value equal to 1, as defined in Rec. ITU-T H.265 |
ISO/IEC 23008-2.

21101 HEVC independent dice segment: An HEVC dice segment with the syntax element
dependent slice segment flag in the slice header set to a value 0 or inferred to be equal to 0, as defined in Rec. ITU-T
H.265 | ISO/IEC 23008-2.

2.1.102 HEVC tile of dlices: One or more consecutive HEVC slices which form the coded representation of a tile, as
defined in Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.103 HEVC till picture (system): An HEVC still picture consists of an HEVC access unit containing an IDR
picture preceded by VPS, SPS and PPS NAL units, as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, that carry
sufficient information to correctly decode this IDR picture. Preceding an HEVC still picture, there shall be another
HEVC still picture or an end of sequence NAL unit terminating a preceding coded video sequence, as defined in Rec.
ITU-T H.265 | ISO/IEC 23008-2.

21104 HEVC video sequence (system): A coded video sequence as defined in Rec. ITU-T H.265 |
ISO/IEC 23008-2.

2.1.105 HEVC video sub-bitstream: A subset of the NAL units of an HEVC video stream in their original order.

Rec. I TU-T H.222.0 (2012)/Amd.3 (01/2014) 1
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2.1.106 HEVC temporal video sub-bitstream: An HEVC video sub-bitstream that contains all VCL NAL units and
associated non-VCL NAL units of the temporal sub-layer, as specified in Rec. ITU-T H.265 | ISO/IEC 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 associated with a contiguous range of Temporalld from 1 to a value equal to 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.

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, as specified in Rec. ITU-T H.265 |
ISO/IEC 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.

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. This prevents the multiple inclusion 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.

2.1.108 HEVC highest temporal sub-layer representation: The sub-layer representation of the temporal sub-layer
with the highest value of Temporalld, as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, in the associated HEVC
temporal video sub-bitstream or HEVC temporal video subset.

21109 HEVC complete temporal representation: A sub-layer representation as defined in Rec. ITU-T H.265 |
ISO/IEC 23008-2 that contains all temporal sub-layers up to the temporal sub-layer with Temporalld equal to
sps_max_sub_layers minusl+1 as included in the active sequence parameter set, as specified in Rec. ITU-T H.265 |
ISO/IEC 23008-2.

3) Clause2.4.2.6
Replace the following two paragraphs:
Replace:

The delay of any data through the system target decoder buffers shall be less than or equal to one second except for still
picture video data and ISO/IEC 14496 streams. Specifically: td,(j) — t(i) < 1 second for all j, and all bytes i in access
unit A,(j).

with:

The delay of any data through the system target decoder buffers shall be less than or equal to one second except for still
picture video data, ISO/IEC 14496 and ISO/IEC 23008-2 streams. Specifically: td,(j) — t(i) < 1 second for all j, and all
bytes i in access unit A,(j).

Replace:

For ISO/IEC 14496 streams, the delay is constrained by td,(j) — t(i) < 10 seconds for all j, and all bytes i in access
unit A,(j).

with:

For ISO/IEC 14496 and ISO/IEC 23008-2 streams, the delay is constrained by td,(j) — t(i) < 10 seconds for all j, and all
bytes i in access unit A,(j).

4) Clause2.4.2.11
Add the following new clause immediately after clause 2.4.2.10:

24.2.11 T-STD extensionsfor carriage of HEVC

T-STD extensions and T-STD parameters for the decoding of HEVC video streams are defined in 2.17.2 and 2.17.3.
Program stream support including P-STD extensions and P-STD parameters are not specified for HEVC video streams.

2 Rec. ITU-T H.222.0 (2012)/Amd.3 (01/2014)
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5) Clause 2.4.35
In the paragraph specifying the discontinuity_indicator, add at the end of the bulleted list introduced by "For the
purpose of this clause, an elementary stream access point is defined as follows":

*  HEVC video streams or HEVC temporal video sub-bitstreams — The first byte of an HEVC access unit.
The VPS, SPS and PPS parameter sets, as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, referenced in
this and all subsequent HEVC access units in the HEVC video sequence shall be provided after this
access point in the byte stream and prior to their activation.
In the paragraph specifying the elementary_stream priority_indicator, add:

In the case of HEVC video streams or HEVC temporal video sub-bitstreams or HEVC temporal video subsets, this field
may be set to 'l' only if the payload contains one or more bytes from a slice with slice type set to 2. A value of '0'
indicates that the payload has the same priority as all other packets which do not have this bit set to 'l".

6) Clause 2.4.3.7

In Table 2-22, replace the following line:

1110 xxxx | Rec. ITU-T H.262 | ISO/IEC 13818-2, ISO/IEC 11172-2, ISO/IEC 14496-2 or Rec. ITU-T H.264 |
ISO/TIEC 14496-10 video stream number Xxxx

with:

1110 xxxx | Rec. ITU-T H.262 | ISO/IEC 13818-2, ISO/IEC 11172-2, ISO/IEC 14496-2, Rec. ITU-T H.264 |
ISO/TEC 14496-10 or Rec. ITU-T H.265 | ISO/IEC 23008-2 video stream number Xxxx

At the end of the clause specifying the PTS (presentation time stamp), add:

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. To 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 clocks, 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.

At the end of the clause specifying the DTS (decoding time stamp), add:

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. To 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 DTS value in the STD shall, within the accuracy of their respective clocks, indicate the
same instant in time as the nominal CPB removal time in the HRD, as defined in Annex C of Rec. ITU-T H.265 |
ISO/IEC 23008-2.

7) Clause2.4.4.9

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

0x24-0x7E | Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Reserved

with:

0x24 HEVC video stream or an HEVC temporal video sub-bitstream

0x25 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

0x26-0x7E | Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Reserved

Rec. I TU-T H.222.0 (2012)/Amd.3 (01/2014) 3
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8) Clause 2.6.1

Replace Table 2-45 with:
Table 2-45 — Program and program element descriptors
descriptor_tag TS | PS I dentification

0 n/a | n/a | Reserved
1 n/a | X | Forbidden
2 X X | video_stream_descriptor
3 X X | audio_stream_descriptor
4 X X | hierarchy_descriptor
5 X X | registration_descriptor
6 X X | data_stream_alignment descriptor
7 X X | target background grid descriptor
8 X X | video_window_descriptor
9 X X | CA_descriptor
10 X X | ISO_639 language descriptor
11 X X | system_clock_descriptor
12 X X | multiplex_buffer utilization descriptor
13 X X | copyright_descriptor
14 X maximum_bitrate descriptor
15 X X | private_data_indicator descriptor
16 X X | smoothing_buffer descriptor
17 X STD_descriptor
18 X X | IBP_descriptor

19-26 X Defined in ISO/IEC 13818-6
27 X X | MPEG-4_video_descriptor
28 X X | MPEG-4 _audio_descriptor
29 X X | IOD_descriptor
30 X SL_descriptor
31 X X | FMC_descriptor
32 X X | external ES ID_descriptor
33 X X | MuxCode_descriptor
34 X X | FmxBufferSize descriptor
35 X multiplexBuffer_descriptor
36 X X | content_labeling_descriptor
37 X X | metadata_pointer_descriptor
38 X X | metadata_descriptor
39 X X | metadata STD_descriptor
40 X X | AVC video descriptor
41 X X | IPMP_descriptor (defined in ISO/IEC 13818-11, MPEG-2 IPMP)
42 X X | AVC timing and HRD descriptor
43 X X | MPEG-2_AAC audio_descriptor
44 X X | FlexMuxTiming_descriptor
45 X X | MPEG-4_text descriptor
46 X X | MPEG-4 audio_extension_descriptor
47 X X | Auxiliary_video_stream_descriptor
48 X X | SVC extension descriptor
49 X X | MVC extension descriptor
50 X | n/a | J2K video descriptor
51 X X | MVC operation point descriptor
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Table 2-45 — Program and program element descriptors

descriptor_tag TS | PS I dentification

52 X X | MPEG2_stereoscopic_video format_descriptor
53 X X | Stereoscopic_program_info_descriptor
54 X X | Stereoscopic_video_info_descriptor
55 X n/a | Transport profile descriptor
56 X n/a | HEVC video descriptor

57-62 n/a | n/a | Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Reserved
63 X X | Extension_descriptor

64-255 n/a | n/a | User Private

9) Clause 2.6.7

In Table 2-50, replace the description for value 15 as shown below:

Table 2-50 — Hierarchy_typefield values

Value Description

15 Base layer or MVC base view sub-bitstream or AVC video sub-
bitstream of MVC or HEVC temporal video sub-bitstream.

10) Clause 2.6.11

Add the following immediately after Table 2-54:

Table 2-54bis describes the alignment type for HEVC when the data alignment indicator in the PES packet header has
a value of '1".

Table 2-54bis— HEV C video stream alignment values

Alignment type Description
00 Reserved
01 HEVC access unit
02 HEVC slice
03 HEVC access unit or slice
04 HEVC tile of slices
05 HEVC access unit or tile of slices
06 HEVC slice or tile of slices
07 HEVC access unit or slice or tile of slices
08 HEVC slice segment
09 HEVC slice segment or access unit
10 HEVC slice segment or slice
11 HEVC slice segment or access unit or slice
12 HEVC slice segment or tile of slices
13 HEVC slice segment or access unit or tile of slices
14 HEVC slice segment or slice or tile of slices
15 HEVC slice segment or access unit or slice or tile of slices
16-255 Reserved
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11) Clause 2.6.90
Replace Table 2-103bis with:

Table 2-103bis— Extension descriptor

Syntax No. of bits | Mnemonic
Extension_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
extension_descriptor_tag 8 uimsbf

if ( extension_descriptor tag == 0x02) {
ObjectDescriptor Update()
}
else if ( extension_descriptor_tag == 0x03) {
HEVC_timing_and_HRD_descriptor()
}
else {
for (1=0; i<N; i++) {
reserved 8 bdlbf
}

12) Clause 2.6.91

Add the following immediately before Table 2-103ter:
HEVC timing and HRD_descriptor () — This structure is defined in clauses 2.6.95 and 2.6.96.

Replace Table 2-103ter with:

Table 2-103ter — Extension descriptor tag values

Extension_descriptor_tag TS | PS I dentification
0 n/a | n/a | Reserved
1 n/a | X | Forbidden
2 X X | ODUpdate descriptor
3 X | n/a | HEVC timing and HRD descriptor()
3-255 n/a | n/a | Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Reserved

13) Clauses 2.6.95t0 2.6.98
Add the following new clauses immediately after clause 2.6.94:

26.95 HEVC video descriptor

For an HEVC video stream, the HEVC video descriptor provides basic information for identifying coding parameters,
such as profile and level parameters of that HEVC video stream. For an HEVC temporal video sub-bitstream or an
HEVC temporal video subset, the HEVC video descriptor provides information such as the associated HEVC highest
temporal sub-layer representation contained in the elementary stream to which it applies.
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Table 2-103sexiens— HEV C video descriptor

Syntax No. Of bits Mnemonic
HEVC_descnpt'or() { 8 uimsbf
descr!ptor_tag 8 uimsbf
descrmtor_length 2 uimsbf
proflle_space 1 bslbf
tler_.flag 5 uimsbf
prof!le_ldc S 32 bslbf
profile_compatibility_indication 1 bsibf
progrve_source_flag 1 bsbf
|nterlaced_source_ﬂqg 1 bslbf
non J)acked_constrglnt_flag 1 bslbf
frame_only_constrgmt_ﬂag 14 bslbf
reser\{ed_zer 0_44bits 8 uimsbf
level idc 1 bslbf
temporal_.layer_subset_flag 1 bdbf
HEVC_still_present_flag 1 bslbf
HEVC_24hr_picture present_flag 5 bslbf
reserved
if (temporal layer subset flag=="1") { 5 bslbf
reser ved _ _ 3 uimsbf
temporal_id_min 5 bslbf
reserved _ 3 uimsbf
temporal_id_max
}
}
2.6.96 Semantic definition of fieldsin HEVC video descriptor
profile_space, tier_flag, profile_idc, profile_compatibility_indication, progressive_source flag,

interlaced source flag, non_packed consraint flag, frame only constraint flag, reserved zero 44bits,
level_idc — When the HEVC video descriptor applies to an HEVC video stream or to an HEVC complete temporal
representation, these fields shall be coded according to the semantics defined in Rec. ITU-T H.265 | ISO/IEC 23008-2
for  general_profile space,  general_tier_flag,  general_profile idc,  general_profile_compatibility_flag[i],
general_progressive_source flag, general_interlaced source flag, general_non_packed constraint_flag,
general_frame_only_constraint_flag, general_reserved_zero_44bits, general_level_idc, respectively, for the
corresponding HEVC video stream or HEVC complete temporal representation, and the entire HEVC video stream or
HEVC complete temporal representation to which the HEVC video descriptor is associated shall conform to the
information signalled by these fields.

When the HEVC video descriptor applies to an HEVC temporal video sub-bitstream or HEVC temporal video subset of
which the corresponding HEVC highest temporal sub-layer representation is not an HEVC complete temporal
representation, these fields shall be coded according to the semantics defined in Rec. ITU-T H.265 | ISO/IEC 23008-2
for sub_layer profile space, sub layer tier flag, sub layer profile idc, sub_layer profile compatibility flag[i],
sub_layer_progressive source flag,  sub_layer_interlaced source flag,  sub_layer non packed constraint_ flag,
sub_layer_frame only constraint flag, sub_layer reserved zero 44bits sub layer level idc, respectively, for the
corresponding HEVC highest temporal sub-layer representation, and the entire HEVC highest temporal sub-layer
representation to which the HEVC video descriptor is associated shall conform to the information signalled by these
fields.

NOTE 1 — In one or more sequences in the HEVC video stream the level may be lower than the level signalled in the HEVC
video descriptor, while also a profile may occur that is a subset of the profile signalled in the HEVC video descriptor. However,
in the entire HEVC video stream, only subsets of the entire bitstream syntax shall be used that are included in the profile
signalled in the HEVC video descriptor, if present. If the sequence parameter sets in an HEVC video stream signal different
profiles, and no additional constraints are signalled, then the stream may need examination to determine which profile, if any, the
entire stream conforms to. If an HEVC video descriptor is to be associated with an HEVC video stream that does not conform to
a single profile, then the HEVC video stream should be partitioned into two or more sub-streams, so that HEVC video descriptors
can signal a single profile for each such sub-stream.

temporal_layer_subset_flag — This 1-bit flag, when set to '1', indicates that the syntax elements describing a subset of
temporal layers are included in this descriptor. This field shall be set to 1 for HEVC temporal video subsets and for
HEVC temporal video sub-bitstreams. When set to '0', the syntax elements temporal id min and temporal id max are
not included in this descriptor.
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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. 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 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
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', the associated HEVC video stream shall not
contain any HEVC 24-hour pictures.

temporal_id_min — This 3-bit field indicates the minimum value of the Temporalld, as defined in Rec. ITU-T H.265 |
ISO/IEC 23008-2, of all HEVC access units in the associated elementary stream.

temporal_id_max — This 3-bit field indicates the maximum value of the Temporalld, as defined in Rec. ITU-T H.265 |
ISO/IEC 23008-2, of all HEVC access units in the associated elementary stream.

2.6.97 HEVC timing and HRD descriptor

For an HEVC video stream, an HEVC temporal video sub-bitstream or an HEVC temporal video subset, the HEVC
timing and HRD descriptor provides timing and HRD parameters, as defined in Annex C of Rec. ITU-T H.265 |
ISO/IEC 23008-2, for the associated HEVC video stream or the HEVC highest temporal sub-layer representation
thereof, respectively.

Table 2-103septiens— HEVC timing and HRD descriptor

Syntax No. Of bits Mnemonic
HEVC timing and HRD descriptor() {
hrd_management_valid_flag 1 bdbf
reserved 6 bslbf
picture_and_timing_info_present_flag 1 bdlbf
if (picture_and_timing_info present flag =="'1") {
90kHz flag 1 bdlbf
reserved 7 bslbf
if (90kHz_flag=="0") {
N 32 uimsbf
K 32 uimsbf
}
num_units_in_tick 32 uimsbf
}
}

2.6.98 Semantic definition of fieldsin HEVC timing and HRD descriptor

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 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. ITU-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_cpb_removal_delay and nal_initial_cpb_removal_delay offset values and may additionally carry
nal_initial_alt removal_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 transfer 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 into the CPB in the NAL HRD, as determined from the coded nal_initial_cpb_removal_delay and
nal_initial_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. ITU-T H.265 | ISO/IEC 23008-2. When the hrd_management_valid_flag is set to '0', the leak method shall be used
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.

picture_and_timing_info_present_flag — This 1-bit flag when set to '1" indicates that the 90kHz flag and parameters
for accurate mapping to a 90-kHz system clock are included in this descriptor.
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90kHz_flag — This 1-bit flag when set to '1' indicates that the frequency of the HEVC time base is 90 kHz.

N, K — For an HEVC video stream or HEVC highest temporal sub-layer representation , the frequency of the HEVC
time base is defined by the syntax element vui_time_scale in the VUI parameters, as defined in Annex E of Rec. ITU-T
H.265 | ISO/IEC 23008-2. The relationship between the HEVC time_scale and the STC shall be defined by the
parameters N and K in this descriptor as follows.

time_scale= (N x system clock frequency) / K

If the 90kHz flag is set to '1', then N equals 1 and K equals 300. If the 90kHz_flag is set to '0', then the values of N and
K are provided by the coded values of the N and K fields.

NOTE - This allows mapping of time expressed in units of time_scale to 90 kHz units, as needed for the calculation of PTS and
DTS timestamps, for example in decoders for HEVC access units for which no PTS or DTS is encoded in the PES header.

num_units in_tick — This 32-bit field is coded exactly in the same way as the vui_num_units_in_tick field in VUI
parameters in Annex E of Rec. ITU-T H.265 | ISO/IEC 23008-2. The information provided by this field shall apply to
the entire HEVC video stream or HEVC highest temporal sub-layer representation to which the HEVC timing and HRD
descriptor is associated.

14) Clause 2.17

Add the following new clause after clause 2.16:

2.17 Carriageof HEVC

217.1 Constraintsfor thetransport of HEVC

For HEVC video streams, HEVC temporal video sub-bitstreams or HEVC temporal video subsets, the following
constraints additionally apply:

. Each HEVC access unit shall contain an access unit delimiter NAL unit.

NOTE 1 — HEVC requires that an access unit delimiter NAL unit, if present, is the first NAL unit within an HEVC
access unit. Access unit delimiter NAL units simplify the ability to detect the boundary between HEVC access units.

* An HEVC video stream or HEVC temporal video sub-bitstream shall be an element of an
ITU-T H.222.0 | ISO/IEC 13818-1 program and the stream type for this elementary stream shall be
equal to 0x24.

e The video parameter sets, sequence parameter sets and picture parameter sets, as specified in Rec.
ITU-T H.265 | ISO/IEC 23008-2, that are necessary for decoding an HEVC video stream or HEVC
temporal video sub-bitstream shall be present within the elementary stream carrying that HEVC video
stream or HEVC temporal video sub-bitstream.

*+ 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 temporal video
subset, or more than one HEVC temporal video sub-bitstream and at least one HEVC temporal video
subset, a hierarchy 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 all HEVC temporal video sub-bitstreams and all HEVC temporal video subsets.

* In each elementary stream with stream type equal to 0x24 with a hierarchy descriptor, the
hierarchy_typein the hierarchy descriptor shall be equal to 15.

* In each elementary stream with stream type equal to 0x25 with a hierarchy descriptor, the
hierarchy_typein the hierarchy descriptor shall be equal to 3.

* The video parameter sets, sequence parameter sets and picture parameter sets, as specified in Rec.
ITU-T H.265 | ISO/IEC 23008-2, that are necessary for decoding the HEVC highest temporal sub-layer
representation of an HEVC temporal video subset shall be present within the elementary stream carrying
the HEVC temporal video sub-bitstream associated by a hierarchy descriptor.

*  The 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, shall result in a valid HEVC video
stream.

NOTE 2 — The resulting HEVC video stream contains a set of temporal sub-layers, as specified in Rec. ITU-T H.265
| ISO/IEC 23008-2, with Temporalld values forming a contiguous range of integer numbers.
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Carriagein PES packets

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 ITU-T H.265 | ISO/IEC 23008-2 video stream by means of the
assigned stream-type value in the PMT (see Table 2-34). The highest level that may occur in an HEVC video stream, as
well as a profile and tier that 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 subset, then this descriptor shall be conveyed in the descriptor loop for the respective elementary stream
entry in the program map table. This Recommendation | International Standard does not specify the presentation of
ITU-T H.265 | ISO/IEC 23008-2 streams in the context of a program.

For PES packetization, no specific data alignment constraints apply. For synchronization and STD management, PTSs
and, when appropriate, DTSs are encoded in the header of the PES packet that carries the ITU-T H.265 |
ISO/IEC 23008-2 video elementary stream data. For PTS and DTS encoding, the constraints and semantics apply as
defined in 2.4.3.7 and 2.7.

DPB buffer management

Carriage of an HEVC video stream, an HEVC temporal video sub-stream or an HEVC temporal video subset over an
ITU-T H.222.0 | ISO/IEC 13818-1 stream does not impact the size of the buffer DPB. For decoding 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 a 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 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:

1) The CPB removal time of HEVC access unit n is the instant in time indicated by DTS(n) where DTS(n)
is the DTS value of HEVC access unit n.

2) The DPB output time of HEVC access unit n is the instant in time indicated by PTS(n) where PTS(n) is
the PTS value of HEVC access unit n.

NOTE 3 — HEVC video sequences in which the low_delay hrd_flag in the syntax structure hrd_parameters() is set to 1 carry
sufficient information to determine the DPB output time and the CPB removal time of each HEVC access unit. Hence for HEVC
access units for which STD underflow may occur, the CPB removal time and the DPB output time are defined by HRD
parameters, and not by DTS and PTS timestamps.

NOTE 4 — An HEVC video stream may carry information to determine compliance of the HEVC video stream to the HRD, as
specified in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2. The presence of this information can be signalled in a transport
stream using the HEVC timing and HRD descriptor with the hrd_management_valid_flag set to '1'. Irrespective of the presence
of this information, compliance of an HEVC video stream to the T-STD ensures that HRD buffer management requirements for
the CPB are met when each byte in the HEVC video stream is delivered to and removed from the CPB in the HRD at exactly the
same instant in time at which the byte is delivered to and removed from EB,, in the T-STD.

2172 T-STD Extensionsfor single layer HEVC

When there is an HEVC video stream or HEVC temporal video sub-bitstream in an ITU-T H.222.0 | ISO/IEC 13818-1
program and there is no HEVC temporal video subset associated with this elementary stream of stream_type 0x24 in the
same ITU-T H.222.0 | ISO/IEC 13818-1 program, the T-STD model as described in 2.4.2 is extended as illustrated in
Figure 2-18 and as specified below.

TS o—F—»

!

| Demux ¢ Other ESs

e T H.222.0(12)-Amd.3(14)_F2-1¢

Figure2-18 — T-STD model extensionsfor single layer HEVC
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TB,, MB,, EB,, buffer management

The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-18 above.

t(1) indicates the time in seconds at which the i-th byte of the transport stream enters the system target decoder

TB, is the transport buffer for elementary stream n

TBS is the size of the transport buffer TB,,, measured in bytes

MB, is the multiplexing buffer for elementary stream n

MBS, is the size of the multiplexing buffer MB,, measured in bytes

EB, is the elementary stream buffer for the HEVC video stream

] is an index to the HEVC access unit of the HEVC video stream

An() is the j-th access unit of the HEVC video bitstream

td, j)  is the decoding time of A,(j), measured in seconds, in the system target decoder

Rx, is the transfer rate from the transport buffer TB, to the multiplex buffer MB, as specified below.

Rbx, is the transfer rate from the multiplex buffer MB,, to the elementary stream buffer EB,, as specified below.

The following apply:

There is exactly one transport buffer TB, for the received HEVC video stream or HEVC temporal video
sub-bitstream where the size TBS is fixed to 512 bytes.

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, = BS;ux T BSn + CpbBrNalFactor x MaxCPBJtier, level] — cpb_size

where BS,;, packet overhead buffering, is defined as:

BS,n= (1/750) seconds x max { CpbBrNalFactor x MaxBR{[tier, level], 2 000 000 bit/s}

and BS,,, additional multiplex buffering, is defined as:

BS,ux = 0.004 seconds x max { CpbBrNalFactor 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. 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.

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 Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC video stream or the HEVC temporal video sub-bitstream.
Transfer from TB, to MB, is applied as follows:

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

where bit_rate is CpbBrNalFactor/CpbBrVIcFactor 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/TEC 23008-2 when NAL hrd parameters() is present in the VUI parameters of the HEVC video
stream.

NOTE — Annex E also specifies default values for BitRate[ SchedSelldx] based on profile, tier and level when NAL
HRD parameters are not present in the VUI. .

Transfer from MB,, to EB,, is applied as follows:

If the HEVC_timing_and_HRD_descriptor is present with the hrd_management_valid_flag set to '1' for
the elementary stream, then the transfer of data from MB,, to EB,, shall follow the HRD defined scheme
for data arrival in the CPB of the elementary stream as defined in Annex C of Rec. ITU-T H.265 |
ISO/IEC 23008-2.
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Otherwise, the leak method shall be used to transfer data from MB,, to EB, as follows:

Rbx, = CpbBrNalFactor x MaxBR{[tier, level]

where MaxBR{[tier, level] is 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.

If there is PES packet payload data in MB,, and buffer EB, is not full, the PES packet payload is
transferred from MB, to EB, at a rate equal to Rbx,. If EB, is full, data are not removed from MB,,.
When a byte of data is transferred from MB, to EB,, all PES packet header bytes that are in MB, and
precede that byte are instantaneously removed and discarded. When there is no PES packet payload data
present in MB,,, no data is removed from MB,. All data that enters MB, leaves it. All PES packet
payload data bytes enter EB,, instantaneously upon leaving MB,,.

STD delay

The STD delay of any ITU-T H.265 | ISO/IEC 23008-2 data other than HEVC still picture data through the system
target decoders buffers TB,, MB,, and EB,, shall be constrained by td,(j) — t(i) < 10 seconds for all j, and all bytes i in
access unit A,(j).

The delay of any HEVC still picture data through the system target decoders TB,, MB,,, and EB,, shall be constrained by
td,(j) — t(i) < 60 seconds for all j, and all bytes i in access unit A,(j).

Buffer management conditions

Transport streams shall be constructed so that the following conditions for buffer management are satisfied:
*  Each TB, shall not overflow and shall be empty at least once every second.
*  Each MB,, 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 A,(j) when one or more
bytes of A,(j) are not present in EB,, at the decoding time td,(j).

2173 T-STD extensionsfor layered transport of HEVC temporal video subsets

When there is an HEVC video sub-bitstream and at least one associated elementary stream of type 0x25 in an
ITU-T H.222.0 | ISO/IEC 13818-1 program, the T-STD model as described in 2.4.2 is extended as illustrated in
Figure 2-19 and as specified below.

EB,

PIDV/

| R Rbx,
Packets of ‘Lf+| TB, i X H MB, i E o

A, () with td )

TS H B, , |—>| MB, , |—>

0-----pOther PIDs
H.222.0(12)-Amd.3(14)_F2-1¢

Figure2-19 —T-STD model extensionsfor layered transport of HEVC temporal video subsets

The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-19 above.
t(i) indicates the time in seconds at which the i-th byte of the transport stream enters the system target decoder.

H is the number of received HEVC temporal video subsets, associated by hierarchy descriptors with the same
HEVC temporal video sub-bitstream.

k is an index identifying the H+1 received elementary streams which contain exactly one HEVC temporal video
sub-bitstream and H HEVC temporal video subsets associated by hierarchy descriptors. The index value k
equal to 0 identifies the elementary stream which contains the HEVC temporal video sub-bitstream and index
values k ranging from 1 up to H identify the associated HEVC temporal video subsets.

12 Rec. ITU-T H.222.0 (2012)/Amd.3 (01/2014)



| SO/IEC 13818-1:2013/Amd.3:2014 (E)

ESqx is the received elementary stream which contains the k-th HEVC temporal video subset or the HEVC
temporal video sub-bitstream if k equals 0.

ESun is the received elementary stream containing the highest HEVC temporal video subset present in the set of
received elementary streams.

PIDy is the packet identifier value which identifies ES, u.

is an index to the output access units.

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

td,(j) is the decoding time of A,(j) in the system target decoder.

TB,x is the transport buffer for elementary stream k.

TBS,x is the size of the transport buffer TB, x, measured in bytes.

MB,x is the multiplexing buffer for elementary stream k.

MBS, is the size of the multiplexing buffer MB,,, 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 ES, i

EBS, is the size of elementary stream buffer EB,, measured in bytes.

Rxyk is the transfer rate from the k-th transport buffer TB,x to the k-th multiplex buffer MB, as specified below.

Rbx,x is the transfer rate from the k-th multiplex buffer MB, to the elementary stream buffer EB, as specified
below.

NOTE - The index n, where used, indicates that the received elementary streams and associated buffers belong to a certain
HEVC temporal video sub-bitstream and its associated HEVC temporal video subsets, distinguishing these elementary streams
and associated buffers from other elementary streams and buffers, maintaining consistency with the notation in Figure 2-18.

TBnx, MByk, EB,, buffer management

The following apply:

There is one transport buffer TB,x for each received elementary stream ES, \, where the size TBS, is
fixed to 512 bytes.

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

MBS, x = BSux + BSo, + CpbBrNalFactor x MaxCPBtier, level] — cpb_size (measured in bytes)
where
BS,1, packet overhead buffering, and BS,,,, 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 the HEVC highest temporal sub-layer representation associated with ES, y;

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, .

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, i, 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 Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation associated with
ES,h.

Transfer from TB, x to MB,\ is applied as follows:
When there is no data in TB,x then Rx, is equal to zero. Otherwise:
Rx,x = bit_rate

where bit_rate is as specified in 2.17.2.
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*  Transfer from MB,  to EB, is applied as follows:

If the HEVC timing_and HRD_descriptor is present with the hrd management valid flag set to 'l1' for
the HEVC video sub-bitstream, then the transfer of data from MB,x 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, = CpbBrNalFactor x MaxBR[tier, level]

where MaxBR{[tier, level] is defined for the byte stream format in Annex A of Rec. ITU-T H.265 |
ISO/IEC 23008-2 for the tier and level of the HEVC video stream or the HEVC highest temporal sub-
layer representation associated with ES, .

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

At the output of the elementary stream buffer EB,, the elementary streams are aggregated by removing all HEVC access
units in ascending DTS order and transferring them to the HEVC decoder Dy, irrespective of which elementary stream
ES, x each HEVC access unit belongs to.

STD delay

The STD delay of any ITU-T H.265 | ISO/IEC 23008-2 data other than HEVC still picture data through the system
target decoders buffers TB,x, MB,x, and EB, shall be constrained by td,(j) — t(i) < 10 seconds for all k, all j, and all
bytes i in access unit A,(j).

The delay of any HEVC still picture data through the system target decoders TB, x, MB,x, and EB, shall be constrained
by td,(j) — t(i) < 60 seconds for all k, all j, and all bytes i in access unit A,(j).

Buffer management conditions

Transport streams shall be constructed so that the following conditions for buffer management are satisfied:
+  Each TB, shall not overflow and shall be empty at least once every second.
*  Each MB,, 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 A,(j) when one or more
bytes of A,(j) are not present in EB,, at the decoding time td,(j).
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