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2. Introduction
This document contains a specification for H.264 UCConfig Modes for real-time point to point and
conferencing products.

This specification assumes that the reader is familiar with the H.264/AVC standard specification and its
SVC extensions in Annex G.

AR
3. Normative references (
N
%
The H.264/MPEG-4 AVC and SVC standards (referred to hereafter simply as H.264 a‘r(specified in the
following document: < e

1. ITU-T Rec. H.264 | ISO/IEC 14496-10 Advanced video coding for generic audiovisual services. The
standard is available at http://www.itu.int/rec/T-REC-H.264. Unlggthe'r'wise specified, this
document refers to the edition approved by ITU-T in March:2010 (posted at the ITU-T web site link
above). ") \

2. The Scalable Video Coding (SVC) extensions to the H26NMF;EG-4 AVC standard (referred to
hereafter simply as SVC) are specified in Annex G of the above document.

X

4. Terminology N

(\.c

4.1. Abbreviations ) LAY

3

For the purposes of this_specification, the following abbreviations apply:

ASO A)trary Slice Ordering

CABAC & Context-based Adaptive Binary Arithmetic Coding
CAVLC h 8 Context-based Adaptive Variable Length Coding
FMO .V Flexible Macroblock Ordering

IDR N Instantaneous Decoding Refresh

MB Macroblock

NAL Network Abstraction Layer

POC Picture Order Count

PPS Picture Parameter Set

QP Quantization Parameter

SEI Supplemental Enhancement Information
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SPS Sequence Parameter Set
SSPS Subset Sequence Parameter Set
SvC Scalable Video Coding

4.2. Definition

For the purposes of this specification, the following definitions apply: N ( A\

Bitstream A sequence of bits that forms representation of a NAL unit stream.

DID dependency_id defined in Annex G of the H.264 specifigaq'on.

NAL unit an H.264 syntax structure containing a one-byte header and the payload byte
string.

PPSID picture_parameter_set_id defined in the H.3Q4(s:peci'1;ication.

PRID priority_id defined in Annex G of the H.264:-specification.

QlD quality_id defined in Annex G the H\264‘specification.

Reference frame a frame that may be used for inter prediction in the decoding process of
subsequent frame(s) in decodwg order.

SPSID seq_parameter_set_idgefined in the H.264 specification.

SVC base layer designate the layer that does not contain quality or spatial scalability (i.e. if

exists, quality_fd énd;tpendency_id must be zero but temporal_id does not

necessary ha\ve to'be).
%

TID temporal id'defined in Annex G of the H.264 specification.

3

4

The key words "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT", "SHOULD", "SHOULD NOT",
"RECOMMENDED”, "MAY", and "OPTIONAL" in this document are to be interpreted as described in RFC

2119. g

N
5. Oyerview of the UCConfig Modes
.VV

) ]
The purpose of this program is to support a wide range of hardware and software H.264, AVC and SVC,

encoders with different capabilities targeting for various applications and scenarios (such as low-end
mobile phone video chat up to high-end telepresence system). So a tiered approach, or UCConfig
Modes, from low to high capabilities is designed and defined to allow these different encoders to use in
the Unified Communication video systems.
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Five UCConfig Modes are defined in this program, ranging from AVC single layer, SVC temporal
scalability, SVC temporal and SNR scalability’, SVC temporal and spatial scalability, to SVC full scalability,
with the capability of generating multiple independent simulcast streams. Each simulcast stream may
have different resolutions, different frame rates, or/and different number of scalable layers. The
intention of including modes with incremental scalability is to allow the existing encoder chip and device
(such as webcam) manufacturers who have produced, are working on, or are planning to produce,
H.264/AVC encoders to be able to plug in the HW encoders into a conferencing system, and pave the

way for transitioning to full SVC profiles which enables more scenarios for video conferencing\.\
3

Here is a summary of the UCConfig Modes. x\
e UCConfig Mode 0: Non-scalable single layer AVC bitstream with Simulcast (m’mber of simulcast

streams >=1). \ AN
@

e UCConfig Mode 1: SVC temporal scalability with hierarchical P with Simulcast (number of

simulcast streams >=1). O™
gy,

e UCConfig Mode 2q: SVC temporal scalability + Quality/SNR.scalability with Simulcast (number of
simulcast streams >=1).
AR
1
e UCConfig Mode 2s: SVC temporal scalability + spatial scalability with Simulcast (number of
iy

simulcast streams >=1).

e UCConfig Mode 3: Full SVC scalability (temporal scalability + SNR scalability + spatial scalability)
with Simulcast (number of simulcaét streams >=1).

Encoders that conform to higher IerI mo‘des shall include the capabilities of encoding bitstreams
associated with lower level modes. For'example, encoders that conform to UCConfig Mode 2q must be
able to generate a single layer AVC stream (i.e. UCConfig Mode 0). The following diagram is the
superset/subset structure'and relationship for all UCConfig Modes. Details of each UCConfig Mode are
elaborated in Section/. \

)

X
4

' SNR scalability is also known as quality scalability
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UCConfig Mode 0
UCConfig Mode 1
UCConfig Mode 2q UCConfig Mode 2s
S
l X
Y
UCConfig Mode 3 \\
®
Figure 1. UCConfig Mode Superset/Subset Relationship
c o
“

6. Elementary Stream Conformance

iy

N

Encoders that conform to a particular UCConfig Mode must meet the constraints specified in this
specification. Mode and capability negotiation between encoders and decoders is out of the scope of
this specification. \

&
6.1. Encoding Toolset \ G
AR

&

Here are the basic requirements that'encoders shall meet in conformance to this specification:

_

e H.264 UCConfig Mode 0: Conformant to the Constrained Baseline profile or Unified
Communication.(UC) Constrained High toolset.
e H.264 UCCoyig Mode 1: Conformant to the Unified Communication (UC) Constrained High
toolse
e H.264 UCConfig Modes 2q, 2s, and 3: Conformant to the UC Scalable Constrained Baseline
toolsegnd the UC Scalable Constrained High toolset.
) ]

The UC Constrained High and UC Scalable Constrained High toolsets are a subset of High and Scalable
High profiles respectively. The main reason for defining these two toolsets is to assure consistency
between base and enhancement layers. Existing H.264 profiles use different sets of tools between
Baseline and Scalable Baseline profiles, and between High and Scalable High profiles. For example, when
using Scalable Baseline profile, CABAC is not allowed for the base layer, while it is allowed for the
enhancement layers. The other reason for defining these two profiles is to have a set of tools needed for
conferencing applications and exclude those that are less useful. For example, FMO and ASO are
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excluded from the UC Constrained High and the UC Scalable Constrained High toolsets as they reduce

coding efficiency. The UC Scalable Constrained Baseline toolset differs from the UC Scalable Constrained

High toolset in that the base layer must obey the Constrained Baseline profile. This enables legacy AVC

decoders that only support the Constrained Baseline profile with the opportunity of displaying base

layer quality.

The details of the UC Constrained High, UC Scalable Constrained High and UC Scalable Constrained

Baseline toolsets are elaborated in the following sections.

6.1.1. UC Constrained High Toolset
The UC Constrained High toolset contains the following encoding tools:

e All the tools defined in the Constrained Baseline profile:
0 land Pslices
0 8 bits per sample
0 4:2:0format

0 4x4 transform I\
0 CAVLC \N\,
e And these Main/High profile tools:
0 CABAC A\
0 8x8transform \ o
O Quantizer scaling matrices
0 QP for Cb/Cr N\ so

%

i
MAIN ..-Bslice
Interlace source

8 bit per sample
4:2:0 format
4x4 transform

"~ CONSTRAINED
BASELINE

scale matrices
QP for Ch/Cr

ASO, FMO

Redundant
slices

OI
N

UC CONSTRAINED

HIGH
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Figure 2. UC Constrained High Toolset

The use of UC Constrained High toolset for bitstreams is signaled via system level approaches that are
outside the scope of this specification. For such bitstreams, profile_idc (and constraint set flags) should
be equivalent to that corresponding to the High profile (profile_idc being equal to 100).

6.1.2. UC Scalable Constrained High Toolset

The UC Scalable Constrained High toolset contains the following encoding tools:

p A
e The base layer bitstream shall obey the UC Constrained High toolset: x\
e The enhancement layer bitstream shall contain all the tools defined in the UCfonstrained High
toolset plus the following tools: \\
0 Full temporal and SNR scalability, “

O Spatial scalability is restricted to resolution ratios of 1.5 and 2 between successive
spatial layers in both horizontal and vertical directiop*c‘ o

0 No Extended Spatial Scalability Support

"N N\

UC SCALABLE CCQ!STRAI W
HIGH /

Base layer
follows high
profile

Base layer follows
constrained baselig

ASQ, FMQ

Redundant
slices

Base layer
follows

constrained high
profile

El.and EP slice
CABAC

\Qﬂqyzer scaling
matrices

MB—aIigne} *.8x8 transform
crapping QP for Ch/Cr

Spatlal scalabllity restricts
toratlos 1.5and 2

B slice

Spatial scalable
coding without
any restriction

Interlace source

All'svC
extension

Quality scalabllity taals SCALABLE
SCALABLE Temporal scalabili HIGH
BASELINE
M
\ Figure 3. UC Scalable Constrained High Toolset
®
) J

The use of UC Scalable Constrained High toolset is signaled via system level approaches that are outside
the scope of this specification. For such bitstreams, profile_idc (and constraint set flags) in the base layer
bitstream should be equivalent to that corresponding to the High profile (profile_idc being equal to 100)
and profile_idc (and constraint set flags) in the enhancement layer bitstream should be equivalent to
that corresponding to the Scalable High profile (profile_idc being equal to 86).
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6.1.3. UC Scalable Constrained Baseline Toolset
The UC Scalable Constrained Baseline toolset contains the following encoding tools:

o The base layer bitstream contains all the tools defined in the Constrained Baseline profile.
e The enhancement layer bitstream contains all the tools defined in the UC Scalable Constrained
High toolset.

The use of UC Scalable Constrained Baseline toolset is signaled via system level approaches thatare
outside the scope of this specification. For such bitstreams, profile_idc (and constraint set flags) in the
base layer bitstream must be equivalent to that corresponding to the Constrained Hig*p’?ofile
(profile_idc is equal to 66 or constraint_set0_flag is equal to 1, and constraint_set1 flag isiequal to 1)
and profile_idc in the enhancement layer bitstream should be equivalent to tha{eresponding to the
Scalable High profile (profile_idc being equal to 86). @

Video encoded according to this specification shall use the H.264/AVC ennnex,B byte stream format.For
purposes of this specification, any zero-valued bytes that appear at the end of an H.264 Annex B byte
stream NAL unit (referred to as "trailing_zero_8bits" in the H.264 specification) are considered part of

the NAL unit.
\.,

6.2. Resolutions and Frame Rate O

Encoders that conform to this speuflcatlohmﬁc be able to encode a bitstream specified in this section.

AN

y

6.2.1. General Constraints

The maximum resolution allowed for this specification is 1080p for 16:9 aspect ratio, or VGA for 4:3
aspect ratio, or Pan0288pﬁr 20:3 aspect ratio in the landscape orientation, and 1080x1920 for 9:16
aspect ratio, or 480x640 for 3:4 aspect ratio in the portrait orientation. The minimum resolution allowed
is QQVGA for 4:3 askct ratio, or 180p for 16:9 aspect ratio, or Pano96p for 20:3 aspect ratio in the
landscape orier%tion, and 120:160 for 3:4 aspect ratio, or 180x320 for 9:16 aspect ratio in the portrait

orientation.
°

) ]
When other resolutions or other aspect ratios are supported, encoders that conform to this specification
must generate bitstreams with the following constraints:

e When spatial scalability is supported, the vertical and horizontal resolution ratios between
successive layers must be 1.5 or 2.

e When simulcast is supported, the vertical and horizontal resolution ratios between successive
streams must be dividable by 1, 1.5 or 2.
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The maximum and minimum frame rates are 60fps and 7.5fps respectively. When different frame rates
are supported for temporal scalability, encoders that conform to this specification must generate
bitstreams with dyadic frame rates.

Encoder developers are encouraged to generate bitstreams with constant frame rates. For encoders
that do not support constant frame rates in certain situations (e.g. in low light conditions), frame rates
lower than the nominal frame rate are allowed. In this case, the encoder must assure dyadic temporal
scalability is preserved.

RN\
Only progressive video is allowed in this specification. Sample aspect ratio 1:1 (square) is réquired in this
specification. Other sample aspect ratios may be supported later. %®
Y ¢
6.2.2. Conformance Requirement X \

@

Table 1 summarizes the set of resolutions and frame rates as well as th?\corresponding level that must
be supported for each UCConfig Mode: o~

Table 1. Minimum Requirements for Resolutions@id Frame rates

UCConfig Mode | Resolution and Frame Rate \NV, Level

0 360p 30fps, 270p 30fps, 180p 15fps, 90p 15fps, VGA 30fps, 3
QVGA 15fps, and QQVGA 15fps

1 720p 30fps, 540p 30fps,360p 30‘fps, 270p 30fps, 180p 15fps, 3.1
90p 15fps, VGA 30fps, QVGA 15fps, QQVGA 15fps

2q 720p 30fps, 5409\3qus, 360p 30fps, 270p 30fps, 180p 15fps, 3.1
90p 15fps, VGA 30fps, QVGA 15fps, QQVGA 15fps

2s 720p 30fps, 540p'30fps, 360p 30fps, 270p 30fps, 180p 15fps, 3.1
90p 15fps, VGA 30fps, QVGA 15fps, and QQVGA 15fps

3 720p 30fps, 540p 30fps, 360p 30fps, 270p 30fps, 180p 15fps, 3.1
90p 15fps;-VGA 30fps, QVGA 15fps, and QQVGA 15fps

)

Note that the resollsions, frame rates, and levels listed above are a minimum requirement. Encoders
that conform to this specification may support other resolutions and/or frame rates, or a higher level
value as long as\he constraints specified in Section 6.2.1 are fulfilled. For a particular bitstream,
encoders tha.t%nform to this specification shall use a level value that best describes the bitstream.

\
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7. UCConfig Mode Definitions and Capabilities

7.1. UCConfig Mode 0: H.264 AVC single layer mode with Simulcast

AR
|—>P—>P—>P—>P—> P> | >

Figure 4. AVC single layer mode N £

In this UCConfig Mode, one reference frame is used to constitute the singlolaye\r bitstream. Each P
frame uses the immediate previously reconstructed frame as the reference frame.

__

This UCConfig Mode may support multiple independent simulcast stmrﬁs generated from the encoder
at the same time. Each independent stream has different bitrates.and-is conformant to UCConfig Mode
0. For each simulcast stream, the encoder shall insert a Ereﬂx NAL uni'E (type 14) in front of the first
coded slice of each frame. The prefix NAL signals the relativéimportance of the stream among all in
syntax element priority_id, with 0 representing the lowest.bitrate stream, 1 the next lowest bitrate
stream, and so forth (lower values mean higher priority).

.
Informative note: The values of priority_id inprefix NAL units are used by the Multipoint Control Unit

(MCU) as a means to identify the priority of a%mlcast stream.

For each prefix NAL, the values of/dependency_id, quality_id and temporal_id must be equal to 0. The
values of no_inter_layer_pred~flag, discardable_flag and output_flag must be 1. The value of

use_ref base_pic_flag mustbe OJhe prefix NAL units shall be discarded by legacy AVC decoders that
are not SVC-compatible,so that the bitstream can still be decoded.

When interleaving of multiple streams into one single session is requested, the encoder must generate
unique seq_parameter_set_id and picture_parameter_set_id across all simulcast streams so the
extraction of one.stream from the interleaved bitstream is feasible. When present, SEl messages are
associated withthe stream corresponding to the immediately following NAL unit. NAL units containing
pictures cantﬁred at the same time should be ordered according to their priority_id in the bitstream.
However, in cases that preserving such order increases encoding latency, encoders may order NALUs
with larger value of prority_id before NAULs with smaller value of priority_id. Encoders shall not
interleave NALUs corresponding to different timestamps.

Here is an example of multiple UCConfig Mode 0 streams. The encoder produces three independent
streams with resolutions, bitrates, and maximum frame rates of: 720p 30fps at 1.5Mbps, 360p 30fps at
600Kbps, and 180p 15fps at 250Kbps. Each one is a non-scalable singe-layer AVC stream.
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Table 2 summarizes the three simulcast streams:

Table 2. UCConfig Mode 0 Multiple Simulcast Stream Example

Base layer
Simulcast 720p 30fps
streams 360p 30fps
180p 15fps

RN
Tables 3-5 illustrate the conformant bitstream structure when the three independent streamsare

transmitted via different sessions (i.e. Multi-Session Transmission, or MST). Even—numw?'ed access units

are shown in shaded cells: C¢

Table 3. Conformant Bitstream Structure for Stream 180p $5fps\ \
NAL unit (type) Relevant fields in the NAL Description
SPS (7) SPSID=0 SPS of strg_aﬁ] 180p 15Hz
PPS (8) PPSID=0,SPSID=0 PPS of stream 180p 15Hz
Prefix (14) PRID =0 Prefix NAL of stream 180p 15Hz
IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 180p 15Hz
Prefix (14) PRID =0 Prefix NAL of stream 180p 15Hz
Non-IDR slice (1) PPSID =0, POC =2 P slice(s) of stream 180p 15Hz
Prefix (14) PRID =0 Prefix NAL of stream 180p 15Hz
Non-IDR slice (1) PPSID =0, POC=4 P slice(s) of stream 180p 15Hz

C o Ze

Table 4. Cf)nformagt Bitstream Structure for Stream 360p 30fps
NAL unit (type) Relevant fields in the NAL Description
SPS (7) SPSID =0+ SPS of stream 360p 30Hz
PPS (8) PPSID-= 0, SPSID =0 PPS of stream 360p 30Hz
Prefix (14) PRID=1, Prefix NAL of stream 360p 30Hz
IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 360p 30Hz
Prefix (14) PRID=1 Prefix NAL of stream 360p 30Hz
Non-IDR slice (ﬁ PPSID=0,POC=1 P slice(s) of stream 360p 30Hz
Prefix (14) PRID =1 Prefix NAL of stream 360p 30Hz
Non-IDR slice (1) PPSID =0, POC =2 P slice(s) of stream 360p 30Hz
Prefix (14) PRID=1 Prefix NAL of stream 360p 30Hz
Non-IDR slice (1) PPSID=0, POC=3 P slice(s) of stream 360p 30Hz

Table 5. Conformant Bitstream Structure for Stream 720p 30fps

NAL unit (type) Relevant fields in the NAL Description

SPS (7) SPSID=0 SPS of stream 720p 30Hz
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PPS (8) PPSID=0,SPSID=0 PPS of stream 720p 30Hz

Prefix (14) PRID =2 Prefix NAL of stream 720p 30Hz

IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 720p 30Hz
Prefix (14) PRID=2 Prefix NAL of stream 720p 30Hz

Non-IDR slice (1) PPSID=0,POC=1 P slice(s) of stream 720p 30Hz

Prefix (14) PRID =2 Prefix NAL of stream 720p 30Hz

Non-IDR slice (1) PPSID =0, POC=2 P slice(s) of stream 720p 30Hz

Prefix (14) PRID=2 Prefix NAL of stream 720p 30Hz

Non-IDR slice (1)

PPSID=0, POC=3

P slice(s) of stream 720p 30Hz

A

b _ 4

Table 6 illustrates the conformant bitstream structure when the independent streams are interleaved in

a single session (i.e. Single Session Transmission, or SST). Even-numbered access units are shown in

shaded cells:

Table 6. Conformant Bitstream Structure when streams are inter‘lsaved in a single session

NAL unit (type) Relevant fields in the NAL Description

SPS (7) SPSID=0 SPS.of stream 180p 15Hz

PPS (8) PPSID=0,SPSID=0 PPS of stream 180p 15Hz

SPS (7) SPSID =1 SPS of stream 360p 30Hz

PPS (8) PPSID=1,SPSID=1 PPS of stream 360p 30Hz

SPS (7) SPSID =2 SPS of stream 720p 30Hz

PPS (8) PPSID =2, SPSID =2 PPS of stream 720p 30Hz

Prefix (14) PRID=0 Prefix NAL of stream 180p 15Hz

IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 180p 15Hz
Prefix (14) PRID =1, Prefix NAL of stream 360p 30Hz

IDR slice (5) PPSID=1, POC=0 Base layer IDR slice(s) in stream 360p 30Hz
Prefix (14) PRID =2 Prefix NAL of stream 720p 30Hz

IDR slice (5) PPSID =2, POC=0 Base layer IDR slice(s) in stream 720p 30Hz
Prefix (14) PRID=1 Prefix NAL of stream 360p 30Hz

Non-IDR slice (1) PPSID = 1,POC=1 P slice(s) of stream 360p 30Hz

Prefix (14) PRID =2 Prefix NAL of stream 720p 30Hz

Non-IDR slice (1) PPSID=2,POC=1 P slice(s) of stream 720p 30Hz

Prefix (14) PRID=0 Prefix NAL of stream 180p 15Hz

Non-IDR slice (1) PPSID =0, POC=2 P slice(s) of stream 180p 15Hz

Prefix (14) PRID=1 Prefix NAL of stream 360p 30Hz

Non-IDR slice (1) PPSID=1,POC=2 P slice(s) of stream 360p 30Hz

Prefix (14) PRID =2 Prefix NAL of stream 720p 30Hz

Non-IDR slice (1) PPSID =2, POC=2 P slice(s) of stream 720p 30Hz

The possible combinations of number of simulcast streams, number of scalable layers, maximum frame

rates, and resolutions are limited by the maximum macroblock processing rate (MB/sec) defined as a
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part of the hardware capabilities. The sum of macroblocks per second across all simulcast streams must
not exceed this limit. For example, Table 7 shows the macroblock processing rates of each stream in the
above example.

Table 7. Macroblock Processing Rate Example

MB/sec
Simulcast 108000
Streams 27600
3600 RN

x\
In this example, the sum of macroblocks per second is 139200 MB/sec. This number««rpust be smaller

than or equal to the maximum macroblocks per second supported by the encoc@k
L J

0 4
7.2. UCConfig Mode 1: H.264 SVC temporal scalabilitywith simulcast

N

In this UCConfig Mode, one reference frame is used for tvvo‘emporal layers and two for three or more
temporal layers. Hierarchical P prediction structure is used to achieve temporal scalability. The base
layer is operated as in UCConfig Mode 0. The frames 'che enhancement layer only use the immediate
previously reconstructed frame in the lower Iayer as the reference frame. Each layer represents a
temporal scale. In support with this mode, each coded slice NAL unit (type 1 or 5) shall follow a prefix
NAL unit (type 14) for all the enhancement layer.frames to form temporal scalability. The bitstream shall
not use coded slice extension NAL units (type in this UCConfig Mode. The prefix NAL signals the
importance of a layer relative to all Iz}/e@in syntax element priority_id, with 0 representing the base
layer, 1 the next higher layer (or equivalently the first enhancement layer), and so forth.

For each prefix NAL, the'value of :c‘émporal_id specifies the hierarchical dependency of a temporal layer
relative to other layers; wﬁ 0 representing the base temporal layer, 1 the first temporal scalable layer,
2 the second temporal scalable layer, and so forth. The values of dependency_id and quality_id must be
equal to 0. The values of no_inter_layer_pred_flag, discardable_flag and output_flag must be 1. The
value of use_re}_base_pic_ﬂag must be 0. The decoding order must be the same as display order. The
prefix NAL urli‘(shall be discarded by legacy AVC decoders that are not SVC-compatible, so that the
bitstream can still be decoded.

Informative note: The coded slice extension NAL units (type 20) are only recognized by SVC decoders.
While temporal scalability can be realized by such NALs, this specification disallows the use of coded
slice extension NAL units in UCConfig Mode 1 so that AVC decoders can decode bitstreams at highest
frame rate.

Figure 5 shows an example for the two-layer mode:
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S

»>P—> P—>P—>

Figure 5. SVC two-layer temporal scalability mode

AN
If the maximum frame rate of the source is 30fps, then Layer 0, or the base layer, has fraq\e rate of
15fps. Layer 1, or the enhancement layer has frame rate of 15fps too. Decoding of Layg 0 and Layer 1

results in 30fps. Y ¢
\

Figure 6 shows an example of the three-layer mode:

p P p

A,

I »P— > P >
\C

P

AN

4
Figure 6 SVC three-layer temporal scalability mode

Figure 7 shows an example of the-four-layer mode:

p ) p p

P
>
’V

//,/'P//,P/P /Z'P//,pﬂp

| > P

Figure 7. SVC four-layer temporal scalability mode

If the maximum frame rate of the source is 60fps, then Layer 0, or the base layer, has frame rate of
7.5fps. Layer 1, or the first enhancement layer, has frame rate of 7.5fps too. Decoding of Layer 0 and
Layer 1 results in 15fps. Layer 2, or the second enhancement layer, has frame rate of 15fps. Decoding of
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Layer 0, Layerl, and Layer 2 results in 30fps. Layer 3, or the third enhancement layer, has frame rate
30fps. Decoding of Layer 0, Layer 1, Layer 2 and Layer 3 results in 60fps.

Encoders that conform to this UCConfig Mode must be able to generate bitstreams with minimally two
temporal layers.

Informative Note: As the maximum and minimum frame rates specified in this specification are 60fps
and 7.5fps respectively, the maximum number of layers required is 4.

Informative Note: From encoder’s perspective, the change of this mode from UCConfig Mode\O is not
significant. The major differences are: (1) the way the reference frame is used for P fr@& in.support of
hierarchical P structure and (2) one additional memory buffer for enhancement layers when three or
more scalable layers are supported. R4 (

@
Similar to UCConfig Mode 0, this UCConfig Mode also supports multiple independent simulcast streams

generated from the encoder at the same time. Each independent stre?sn has different bitrates and is
conformant to UCConfig Mode 1 with temporal scalability mode embedded.

When two or more independent streams are generated by the encgder, the encoder shall adjust the
base value of priority_id (i.e. the value of priority_id associated with the base layer) of each stream in
order to signal the importance of a temporal layer relative to.all layers across all the streams. The base
value of priority_id for the lowest bitrate is unchange*(i.e. shall be equal to 0). The base value of
priority_id for the next higher bitrate stream is'shifted-up by one plus the value of priority_id for the
highest scalable layer in the lowest bitrate stream. The base value of priority_id for the rest of the
streams is adjusted in a similar manner. The'adjustment assures a unique priority_id associated with

each layer for each stream, with lower.layers'and lower bitrate streams being assigned a higher priority.
AR

Encoders conforming to UCConfig Mode 1 must be able to generate bitstreams in UCConfig Mode 0 and
UCConfig Mode 1. The run<time configuration is negotiated between decoders and encoders which is
out of the scope of this specification.

When interleaving of multiple streams into one single session is requested, the encoder must generate
unique seq_parameter._set_id and picture_parameter_set_id across all simulcast streams so the
extraction of'one stream from the interleaved bitstream is feasible. When present, SEI messages are
associated with-the stream corresponding to the immediately following NAL unit. NAL units containing
pictures cagtﬁred at the same time should be ordered according to their priority_id in the bitstream.
However, in cases that preserving such order increases encoding latency, encoders may order NALUs
with larger value of prority_id before NAULs with smaller value of priority_id. Encoders shall not
interleave NALUs corresponding to different timestamps.

Here is an example of multiple UCConfig Mode 1 streams. The encoder produces three independent
streams with resolutions, bitrates, and maximum frame rates of: 720p 30fps at 1.5Mbps, 360p 30fps at
600Kbps, and 180p 15fps at 250Kbps. For both the 720p and 360p streams, there are two temporal
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scalable layers. For the 180p, there is only one temporal scalable layer. There are a total of 8 layers, 3 in
the 720p stream, 3 in the 360p stream, and 2 in the 180p stream.

Table 8 summarizes the three simulcast streams:

Table 8. UCConfig Mode 1 Multiple Simulcast Stream Examples

Scalable layers
Simulcast | 720p 30fps 720p 15fps 720p 7.5fps
streams A QN
360p 30fps 360p 15fps 360p 7.5fps
%
b4
180p 15fps 180p 7.5fps

@

Tables 9-11 illustrate the conformant bitstream when the independentftrear/ns are transmitted via

different sessions (i.e. Multi-Session Transmission, or MST). Even-numbered access units are shown in

shaded cells:

i,

Table 9. Conformant Bitstream Structure‘for S;cream 180p 15fps

NAL unit (type) Relevant fields in the NAL Description

SPS (7) SPSID=0 “._| SPS of stream 180p 15Hz

PPS (8) PPSID =0, SPSID=0 PPS of stream 180p 15Hz

Prefix (14) PRID = 0, TID=0 Prefix NAL of stream 180p 7.5Hz
IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 180p 7.5Hz
Prefix (14) PRID =1, TID=1 Prefix NAL of stream 180p 15Hz
Non-IDR slice (1) PPSID =0, POC=2 P slice(s) of stream 180p 15Hz
Prefix (14) PRID =0, TID=0 Prefix NAL of stream 180p 7.5Hz
Non-IDR slice (1) PPSID =0, POC=4 P slice(s) of stream 180p 7.5Hz
Prefix (14) PRID =1, TID=1 Prefix NAL of stream 180p 15Hz
Non-IDR slice (1) PPSID =0, POC=6 P slice(s) of stream 180p 15Hz

- Table 10. Conformant Bitstream Structure for Stream 360p 30fps
NAL unit (type) Relevant fields in the NAL Description
SPS (7) SPSID=0 SPS of stream 360p 30Hz
PPS (8) PPSID =0, SPSID=0 PPS of stream 360p 30Hz
Prefix (14) PRID =2, TID=0 Prefix NAL of stream 360p 7.5Hz
IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 360p 7.5Hz
Prefix (14) PRID =4, TID=2 Prefix NAL of stream 360p 30Hz
Non-IDR slice (1) PPSID=0,POC=1 P slice(s) of stream 360p 30Hz
Prefix (14) PRID =3, TID=1 Prefix NAL of stream 360p 15Hz

Non-IDR slice (1)

PPSID =0, POC =2

P slice(s) of stream 360p 15Hz
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Prefix (14) PRID =4, TID=2 Prefix NAL of stream 360p 30Hz
Non-IDR slice (1) PPSID=0, POC=3 P slice(s) of stream 360p 30Hz
Prefix (14) PRID =2, TID=0 Prefix NAL of stream 360p 7.5Hz

Non-IDR slice (1)

PPSID = 0, POC = 4

P slice(s) of stream 360p 7.5Hz

Table 11. Conformant Bitstream Structure for Stream 720p 30fps

NAL unit (type) Relevant fields in the NAL Description

SPS (7) SPSID=0 SPS of stream 720p 30Hz

PPS (8) PPSID =0, SPSID=0 PPS of stream 720p 30Hz N
Prefix (14) PRID =5, TID=0 Prefix NAL of stream 720p 7.5Hz
IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 720p 7.5Hz
Prefix (14) PRID=7, TID=2 Prefix NAL of strgam'?ZT)p 30Hz
Non-IDR slice (1) PPSID=0,POC=1 P slice(s) of stream.720p 30Hz
Prefix (14) PRID =6, TID=1 Prefix NAL of stream 720p 15Hz
Non-IDR slice (1) PPSID =0, POC=2 P slice(s) of stream 720p 15Hz
Prefix (14) PRID =7, TID=2 Prefix NAL of stream 720p 30Hz
Non-IDR slice (1) PPSID=0, POC=3 P slice(s) of stream 720p 30Hz
Prefix (14) PRID =5, TID=0 Prefix NAL of stream 720p 7.5Hz
Non-IDR slice (1) PPSID =0, POC=4 P slice(s) of stream 720p 7.5Hz

Table 12 illustrates the conformant bitstream structure when the streams are interleaved in a single

&
session (i.e. Single Session Transmission, oYSS-t)‘. Even-numbered access units are shown in shaded cells:

Table 12. Conformant Bjtst\eam‘&tructure when streams are interleaved in a single session

NAL unit (type) Relevant fields in the NAL Description

SPS (7) SPSID=0" SPS of stream 180p 15Hz

PPS (8) PPSID= 0O, SPSID= 0 PPS of stream 180p 15Hz

SPS (7) SPSID = 1 SPS of stream 360p 30Hz

PPS (8) “| PPSID = 1,SPSID=1 PPS of stream 360p 30Hz

SPS (7) SPSID= 2 SPS of stream 720p 30Hz

PPS (8) PPSID=2,SPSID=2 PPS of stream 720p 30Hz

Prefix (14) PRID = 0, TID=0 Prefix NAL of stream 180p 7.5Hz

IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 180p 7.5Hz
Prefix (14) PRID =2, TID=0 Prefix NAL of stream 360p 7.5Hz

IDR slice (5) PPSID=1,POC=0 Base layer IDR slice(s) in stream 360p 7.5Hz
Prefix (14) PRID =5, TID=0 Prefix NAL of stream 720p 7.5Hz

IDR slice (5) PPSID =2, POC=0 Base layer IDR slice(s) in stream 720p 7.5Hz
Prefix (14) PRID =4, TID=2 Prefix NAL of stream 360p 30Hz

Non-IDR slice (1) PPSID=1,P0OC=1 P slice(s) of stream 360p 30Hz

Prefix (14) PRID =7, TID=2 Prefix NAL of stream 720p 30Hz

Non-IDR slice (1) PPSID=2,P0OC=1 P slice(s) of stream 720p 30Hz
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Prefix (14) PRID = 1, TID=1 Prefix NAL of stream 180p 15Hz
Non-IDR slice (1) PPSID =0, POC =2 P slice(s) of stream 180p 15Hz
Prefix (14) PRID =3, TID=1 Prefix NAL of stream 360p 15Hz
Non-IDR slice (1) PPSID=1,POC=2 P slice(s) of stream 360p 15Hz
Prefix (14) PRID = 6, TID=1 Prefix NAL of stream 720p 15Hz
Non-IDR slice (1) PPSID =2, POC=2 P slice(s) of stream 720p 15Hz
Prefix (14) PRID =4, TID=2 Prefix NAL of stream 360p 30Hz
Non-IDR slice (1) PPSID=1,POC=3 P slice(s) of stream 360p 30Hz
Prefix (14) PRID=7, TID=2 Prefix NAL of stream 720p 30Hz
Non-IDR slice (1) PPSID=2,POC=3 P slice(s) of stream 720p 30Hz ¢
%
Y ¢

The possible combinations of number of simulcast streams, number of scal.ableh%zrs, maximum frame
rates, and resolutions are limited by the maximum macroblock processing rate (MB/sec) defined as a
part of the hardware capabilities. The sum of macroblocks per second in the highest temporal scale
across all simulcast streams must not exceed this limit. For example,{ e 13 shows the macroblock
processing rates for each scale in the above example.

oy
Table 13. Macroblock Processing Rate Example
|
MB/sec
Simulcast | 108000 54000 27000
streams 27600 13800 6900
3600 1800

&
VU
In this example, the sum of macroblocks per s‘egond is 139200 MB/sec. This number must be smaller
than or equal to the maximum mazrc\)bloc.‘ks per second supported by the encoder.

7.3. UCConfig ModﬁZq: H.264 SVC temporal and SNR scalabilities with
simulcast
M
)

In this UCConfig Mode, UCConfig Mode 1 is applied first. For the temporal base and enhancement
layers, in aclcitlon to the temporal scalability mode representing different temporal layers, SNR
scalability is applied to all the frames to further divide the streams into more quality layers. The
bitstream in the base quality layer must conform to the constraints in Section 7.2. Here is the way to
combine two-layer temporal scalability mode with one-layer SNR scalability mode.
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Figure 8. SVC UCConfig Mode 2q - temporal and SNR scalability mode with sn{u‘Ictst

Solid arrows represent temporal prediction and reference, and dashed arrows rgpresent spatial quality

prediction and reference.

O

Totally, there are 3 layers or scales of streams from this mode. a

iy

N

e |, and P’s are frames for base layer,
e P’sare frames for enhancement layer 1 from terﬁpo\al scalability, and
e [El,and EP’s are frames for enhancement layer.2 from SNR scalability.

, . NN\,
Note that enhancement layer 2 includes frames.in both base and enhancement temporal layers. To
A
illustrate this, let’s use the source materials of 720p 30fps and fixed quantization stepsize (Qp) as an

€ o .c

e 720p 15fps with Qp 38 as the base layer,

e  720p 15fps with Qp 38-as'the.enhancement layer 1 (or 30fps when combining with base layer),
and o

e  720p 30fps with:Qp.34 as"Ehe enhancement layer 2 (combining frames in both base and
enhancement tem}oral layers).

example.

Three SNR scalabilit%odes are supported:

° Coarsvrain scalability (CGS) non-rewrite mode only with two enhancement layers,
e CGS rewrite mode with two enhancement layers, and

) J
e Medium-grain scalability (MGS) with one enhancement layer (multiple sub-layers).

For the MGS mode, the encoder can decide to use 4x4 or 8x8 transform mode and to decide the number
of sub-layers (slices) it wishes to further divide into so that more scales can be created. The minimum
number of sub-layers is 2 and the maximum is 4. The maximum number of temporal layers follows the
guidelines defined in Section 7.2.
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The rewrite mode is defined in the H.264 SVC specification. The encoded SVC SNR scalability bitstream
utilizing the rewrite mode can be converted to an AVC bitstream without fully decoding the SVC
bitstream.

Encoders that conform to this UCConfig Mode must support at least one of the three SNR capability
modes. Decoders that conform to this UCConfig Mode must support all the three capability modes.

Similar to other UCConfig Modes, priority_id in SVC extension slice headers is used to signal the
importance of a SNR layer relative to all layers across all streams. The value of priority_id for the figst
SNR scalable layer is the value of priority_id for the highest temporal layer plus one. The value.of
priority_id is incremented by one for the second SNR scalable layer and so forth. The cchding order
must be the same as the display order in all scalable layers. " ¢

When the CGS mode is in use, the value of quality_id must be 0 in all SVC exten?ic; slice headers. The
value of dependency _id is O for the base layer, 1 for the first SNR scalable layer, 2 for the second SNR
scalable layer, and so forth. When the MGS mode is in use, the value of dependency_id is 0 in all SVC
extension slice headers. The quality_id is O for the base layer, 1 for the first MGS sub-layer, 2 for the
second MGS sub-layer, and so forth. The values of temporal_id must be the same as that in the
corresponding SVC base layer frame in all SVC extensmn,shce headers The value of
no_inter_layer_pred_flag must be 1, and the values of output* flag, discardable_flag and

use_ref base_pic_flag must be 0 for the SVC base layer (the values of dependency_id and quality_id are
both equal to 0). The value of use_ref_base_pic_flag rmst be 0 unless the slice is part of an MGS key
frame. The values of discardable_flag and output.flag are 1 for slices associated with the largest value of
dependency_id in the coded picture and O\otherwise.

The requirement for the temporal Ia)(ers follows the ones defined in UCConfig Mode 1. Minimally, two
temporal layers are required for each resolutlon/frame rate entry. The minimum SNR scalability
required for each entry is two layers{one base layer and one SNR enhancement layer) in CGS rewrite
and CGS non-rewrite modes and two sublayers in MGS mode.

This UCConfig Mode also s}pports multiple independent simulcast streams generated from the encoder
at the same time. Each independent stream has different bitrates and is conformant to UCConfig Mode
3 with temporagand SNR scalability modes embedded.

When two or.r%re independent streams are generated by the encoder, the encoder shall adjust the
base value of priority_id (i.e. the value of priority_id associated with the base layer) of each stream in
order to signal the importance of a layer relative to all layers across all the streams. The base value of
priority_id for the lowest bitrate stream is unchanged (i.e. shall be equal to 0). The base value of
priority_id for the next higher bitrate streams is shifted up by one plus the value of priority_id for the
highest layer in the lowest bitrate stream. The base value of priority_id for the rest of the streams is
adjusted in a similar manner. The adjustment assures a unique priority_id associated with each layer in
each stream, with lower layers and lower bitrate streams being assigned a higher priority.
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Encoders conforming to UCConfig Mode 2g must be able to generate bitstreams in UCConfig Mode 0, in
UCConfig Mode 1, and in UCConfig Mode 2q. The run-time configuration is negotiated between
decoders and encoders which is out of the scope of this specification.

When interleaving of multiple streams into one single session is requested, the encoder must generate
unique seq_parameter_set_id and picture_parameter_set_id across all simulcast streams so the
extraction of one stream from the interleaved bitstream is feasible. When present, SEI messages are
associated with the stream corresponding to the immediately following NAL. NAL units containing
pictures captured at the same time should be ordered according to their priority_id in the bitstream.
However, in cases that preserving such order increases encoding latency, encoders may grder NALUs
with larger value of prority_id before NAULs with smaller value of priority_id. Encoder&hall not
interleave NALUs corresponding to different timestamps. “(

\
Here is an example of multiple UCConfig Mode 2q streams. The encoder produces three independent
simulcast streams with resolutions, bitrates, and maximum frame rates of: 720p 30fps at 1.25Mbps,
360p 30fps at 750Kbps, and 180p 30fps at 300Kbps. For both the 72Qg nd 360p streams, there are two
temporal layers and two quality layers. For the 180p stream, there&re two temporal scalable layers but
not quality layer. There are a total of 8 scalable layers, 3 in the 720p stream, 3 in the 360p stream and 2
in the 180p stream. Table 14 summarizes the three simuleast streams:

Table 14. UCConfig Mode 2q MultiplesSimulcast Stream Examples

Scalable'layers
Simulcast | 720p 30fps 720p 30fps 720p 15fps
streams Quality 1 ¢ Quality O Quality 0
360p 30fps 360p 30fps 360p 15fps
Qualityl < = | Quality 0 Quality 0
180p 30fps 180p 15fps
Quality 0 Quality 0

__d

Tables 15-17 illustrate the))nformant bitstream structure when the independent streams are
transmitted via diffehnt sessions (i.e. Multi-Session Transmission, or MST). Even-numbered access units
are shown in slﬁded cells. Assume CGS is used in this example:

.V Table 15. Conformant Bitstream Structure for Stream 180p 30fps
NAL unit.(type) Relevant fields in the NAL Description
SPS (7) SPSID=0 SPS of stream 180p 30Hz
PPS (8) PPSID=0,SPSID=0 PPS of stream 180p 30Hz
Prefix (14) PRID =0, TID=0, DID=0 Prefix NAL of stream 180p 15Hz
IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 180p 15Hz
Prefix (14) PRID =1, TID=1, DID=0 Prefix NAL of stream 180p 30Hz
Non-IDR slice (1) PPSID=0,POC=1 P slice(s) of stream 180p 30Hz
Prefix (14) PRID =0, TID=0, DID=0 Prefix NAL of stream 180p 15Hz
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Non-IDR slice (1)

PPSID =0, POC=2

Base layer P slice(s) in stream 180p 15Hz

Prefix (14)

PRID =1, TID=1, DID=0

Prefix NAL of stream 180p 30Hz

Non-IDR slice (1)

PPSID =0, POC =3

P slice(s) of stream 180p 30Hz

Table 16. Conformant Bitstream Structure for Stream 360p 30fps

NAL unit (type) Relevant fields in the NAL Description

SPS (7) SPSID=0 SPS of stream 360p 30Hz A
SSPS (15) SPSID=0 Subset SPS of stream 360p 30Hz

PPS (8) PPSID =0, SPSID=0 PPS of stream 360p 30Hz SV.C base layer
PPS (8) PPSID=1,SPSID=0 PPS of stream 360p 30Hz SVC scalable layer
Prefix (14) PRID =2, TID=0, DID=0 Prefix NAL of stream 360p 15Hz

IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 360p 15Hz
SVC ext slice (20) PPSID =1, PRID = 4, TID=0, DID=1 El slice(s) in stream 360p 15Hz

Prefix (14) PRID = 3, TID=1, DID=0 Prefix NAL of stream 360p 30Hz

Non-IDR slice (1)

PPSID =0, POC=1

P slice(s) of stream 360p 30Hz

SVC ext slice (20)

PPSID =1, PRID =4, TID=1, DID=1

EP slice(s):in stream 360p 30Hz

Prefix (14)

PRID = 2, TID=0, DID=0

Prefix NAL of stream 360p 15H

Non-IDR slice (1)

PPSID =0, POC =2

Base layer P slice(s) in stream 360p 15Hz

SVC ext slice (20)

PPSID = 1, PRID = 4, TID=0, DID=1

EP slice(s) in stream 360p 15Hz

Prefix (14)

PRID = 3, TID=1, DID=0

Prefix NAL of stream 360p 30Hz

Non-IDR slice (1)

PPSID =0, POC=3

P slice(s) of stream 360p 30Hz

SVC ext slice (20)

PPSID = 1, PRID = 4, TID=1, DID=1

EP slice(s) in stream 360p 30Hz

\ ¢

<

g
Table 17. Gonformant Bitstream Structure for Stream 720p 30fps

NAL unit (type)

Relevantfields in the NAL

Description

SPS (7) SPSID'=0 SPS of stream 720p 30Hz

SSPS (15) SPSIQ: 0 Subset SPS of stream 720p 30Hz

PPS (8) PPSID =0, SPSID=0 PPS of stream 720p 30Hz SVC base layer
PPS (8) PSID=1,SPSID=0 PPS of stream 720p 30Hz SVC scalable layer
Prefix (14) PRID =5, TID=0, DID=0 Prefix NAL of stream 720p 15Hz

IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 720p 15Hz

SVC ext slice (20)

PPSID =1, PRID = 7, TID=0, DID=1

El slice(s) in stream 720p 15Hz

Prefix (14) i

PRID =6, TID=1,DID=0

Prefix NAL of stream 720p 30Hz

Non-IDR slice (1)

PPSID =0, POC=1

P slice(s) of stream 720p 30Hz

SVC ext slice (20)

PPSID =1, PRID =7, TID=1, DID=1

EP slice(s) in stream 720p 30Hz

Prefix (14)

PRID =5, TID=0, DID=0

Prefix NAL of stream 720p 15Hz

Non-IDR slice (1)

PPSID =0, POC =2

Base layer P slice(s) in stream 720p 15Hz

SVC ext slice (20)

PPSID = 1, PRID = 7, TID=0, DID=1

EP slice(s) in stream 720p 15Hz

Prefix (14)

PRID =6, TID=1,DID=0

Prefix NAL of stream 720p 30Hz

Non-IDR slice (1)

PPSID =0, POC=3

P slice(s) of stream 720p 30Hz

SVC ext slice (20)

PPSID =1, PRID =7, TID=1, DID=1

EP slice(s) in stream 720p 30Hz
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Table 18 illustrates the conformant bitstream structure when the streams are interleaved in a single

session (i.e. Single Session Transmission, or SST). Even-numbered access units are shown in shaded cells.

Assume CGS is used in this example:

Table 18. Conformant Bitstream Structure when streams are interleaved in a single session

NAL unit (type)

Relevant fields in the NAL

Description AR

SPS (7) SPSID=0 SPS of stream 180p 30Hz

PPS (8) PPSID = 0, SPSID = 0 PPS of stream 180p 30Hz

SPS (7) SPSID=1 SPS of stream 360p 30Hz

SSPS (15) SPSID=0 Subset SPS of stream 360p 30Hz

PPS (8) PPSID=1,SPSID=1 PPS of stream 360p.30Hz SVC base layer
PPS (8) PPSID =2,SPSID=0 PPS of stream 360p 30Hz SVC scalable layer
SPS (7) SPSID =2 SPS of stream 720p 30Hz

SSPS (15) SPSID =1 Subset SPS.of'stream 720p 30Hz

PPS (8) PPSID =3, SPSID =2 PPS of:stream 720p 30Hz SVC base layer
PPS (8) PPSID=4,SPSID=1 PPS of «stream 720p 30Hz SVC scalable layer
Prefix (14) PRID =0, TID=0, DID=0 Prefix NAL of stream 180p 15Hz

IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 180p 15Hz
Prefix (14) PRID =2, TID=0, DID=0 Prefix NAL of stream 360p 15Hz

IDR slice (5) PPSID=1,POC=0 Base layer IDR slice(s) in stream 360p 15Hz
SVC ext slice (20) PPSID = 2, PRID = 4, TID=0, DID=1 El slice(s) in stream 360p 15Hz

Prefix (14) PRID =5, TID=0, DID=0 Prefix NAL of stream 720p 15Hz

IDR slice (5) PPSID =3, POC=0 Base layer IDR slice(s) in stream 720p 15Hz
SVC ext slice (20) PPSID = 4, PRID = 7, TID=0, DID=1 El slice(s) in stream 720p 15Hz

Prefix (14) PRID = 1,-TID=1, DID=0 Prefix NAL of stream 180p 30Hz

Non-IDR slice (1) PPSID=0, POC=1 P slice(s) of stream 180p 30Hz

Prefix (14) PRID = 3, TID=1, DID=0 Prefix NAL of stream 360p 30Hz

Non-IDR slice (1)

PPSID.=1,POC=1

P slice(s) of stream 360p 30Hz

SVC ext slice (20)

PPSID =2, PRID =4, TID=1, DID=1

EP slice(s) in stream 360p 30Hz

Prefix (14)

RID=6, TID=1,DID=0

Prefix NAL of stream 720p 30Hz

Non-IDR slice (1)

PPSID =3,POC=1

P slice(s) of stream 720p 30Hz

SVC ext slice (20)

PPSID = 4, PRID =7, TID=1, DID=1

EP slice(s) in stream 720p 30Hz

Prefix (14) PRID =0, TID=0, DID=0 Prefix NAL of stream 180p 15Hz
Non-IDR slice (1) PPSID =0, POC=2 Base layer P slice(s) in stream 180p 15Hz
Prefix (14) PRID =2, TID=0, DID=0 Prefix NAL of stream 360p 15H

Non-IDR slice (1)

PPSID =1, POC=2

Base layer P slice(s) in stream 360p 15Hz

SVC ext slice (20)

PPSID = 2, PRID = 4, TID=0, DID=1

EP slice(s) in stream 360p 15Hz

Prefix (14)

PRID =5, TID=0, DID=0

Prefix NAL of stream 720p 15Hz

Non-IDR slice (1)

PPSID =3, POC =2

Base layer P slice(s) in stream 720p 15Hz

SVC ext slice (20)

PPSID = 4, PRID = 7, TID=0, DID=1

EP slice(s) in stream 720p 15Hz
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The possible combinations of number of simulcast streams, number of scalable layers, maximum frame
rates, and resolutions are limited by the maximum macroblock processing rate defined as a part of the
hardware capabilities. The sum of macroblocks per second for all quality layers in the highest temporal
scale across all simulcast streams must not exceed this limit. For example, Table 19 shows the
macroblock processing rates for each scale in the above example.

Table 19. Macroblock Processing Rate Example

MB/sec
Simulcast | 108000 108000 54000 y \\
streams 27600 27600 13800 ¥V
7200 3600 X

“(
\
In this example, the sum of macroblocks per second is 278400 MB/sec. This number must be smaller
than or equal to the maximum macroblocks per second supported by the encoder.
4 o
-

—
7.4. UCConfig Mode 2s: H.264 SVC temporzil a\nd spat\ial scalabilities with

simulcast 4

In this UCConfig Mode, UCConfig Mode 1 is app{ied fir?’z. For the temporal base and enhancement
layers, in addition to the temporal scalability:-mode representing different temporal layers, spatial
scalability is applied to all the frames t6 further-divide the streams into more spatial layers. The

bitstream in the base spatial layer must confogrg to the constraints in Section 7.2. Here is the way to

combine two-layer temporal scalabilRy mode with one-layer spatial scalability mode.
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Figure 9. SVC UCConfig Mode 2s - temporal and spatial scalability mode with simulcast

Solid arrows represent temporal prediction and reference, and dashed arrows represent spatial quality
prediction and reference.
Totally, there are 3 layers or scales of streams from this mode.
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e |, and P’s are frames for base layer,
e P’s are frames for enhancement layer 1 from temporal scalability, and
. , and EP’s are frames for enhancement layer 2 from spatial scalability.

Note that enhancement layer 2 includes frames in both base and enhancement temporal layers. To
illustrate this, let’s use the source materials of 720p 30fps and fixed quantization stepsize (Qp) as an

example.
e 360p 15fps with Qp 34 as the base layer, L %
e 360p 15fps with Qp 34 as the enhancement layer 1 (or 30fps when combining wi{h base layer),
and b,

e 720p 30fps with Qp 34 as the enhancement layer 2 (combining frames in both base and

enhancement temporal layers). < et \

As mentioned in Section 6.1.2, the UC Scalable Constrained High toolset requires spatial scalability
restricted to resolution ratios of 1.5 and 2 between successive spatiau{y\ers in both horizontal and
vertical direction. In this UCConfig Mode, the minimum numberof spatial layers is 2 (one base and one
enhancement spatial layer). The requirement for the temporal Iaye‘Fs follows the ones defined in

UCConfig Mode 1. 0,

Similar to other UCConfig Modes, priority_id in SVC extension slice headers is used to signal the
importance of a spatial layer relative to all layers across-all streams. The value of priority_id for the first
spatial scalable layer is the value of priority_id for the highest temporal layer plus one. The value of
priority_id is incremented by one for the.second spatial scalable layer and so forth. The decoding order
must be the same as the display order in ah sc‘ﬂable layers.

¥
This UCConfig Mode also supports multipTe independent simulcast streams generated from the encoder
at the same time. Each independent'stream has different bitrates and is conformant to UCConfig Mode
2s with temporal and spatial scalability modes, embedded in each stream.

When two or more indepe)dent streams are generated by the encoder, the encoder shall adjust the
base value of priority.id (i.e. the value of priority_id associated with the base layer) of each stream in
order to signal r#e importance of a layer relative to all layers across all the streams. The base value of
priority_id for%e lowest bitrate stream is unchanged (i.e. shall be equal to 0). The base value of
priority_id for the next higher bitrate streams is shifted up by one plus the value of priority_id for the
highest Iaye'r in the lowest bitrate stream. The base value of priority_id for the rest of the streams is
adjusted in a similar manner. The adjustment assures a unique priority_id associated with each layer in

each stream, with lower layers and lower bitrate streams being assigned a higher priority.

Encoders conforming to UCConfig Mode 2s must be able to generate bitstreams in UCConfig Mode 0, in
UCConfig Mode 1, and in UCConfig Mode 2s. The run-time configuration is negotiated between
decoders and encoders which is out of the scope of this specification.
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When interleaving of multiple streams into one single session is requested, the encoder must generate
unique seq_parameter_set_id and picture_parameter_set_id across all simulcast streams so the
extraction of one stream from the interleaved bitstream is feasible. When present, SEl messages are
associated with the stream corresponding to the immediately following NAL. NAL units containing
pictures captured at the same time should be ordered according to their priority_id in the bitstream.
However, in cases that preserving such order increases encoding latency, encoders may order NALUs
with larger value of prority_id before NAULs with smaller value of priority_id. Encoders shall not

interleave NALUs corresponding to different timestamps. J
, %

Here is an example of multiple UCConfig Mode 2s streams. The encoder produces three iqdependent
simulcast streams with maximum resolutions, bitrates, and maximum frame rates of: 720p 30fps at
1.25Mbps and 360p 30fps at 750Kbps, and 180p 30fps at 300Kbps. For both the 720piand 360p streams,
there are two temporal layers and two spatial layers. For the 180p stream,.theréa etwo temporal
scalable layers but not spatial layer. There are a total of 8 scalable layers, 3.inithe 720p stream, 3 in the
360p stream and 2 in the 180p stream. Table 20 summarizes the three(knulc,ast streams:

oy,
Table 20. UCConfig Mode 2s Multiple Simulcast'Stream|Examples
N
Scalable layers
Simulcast | 720p 30fps 480p 30fps *480p 15fps
streams | 360p 30fps 240p 30fps 240p 15fps
180p 30fps 180p 15fps

Table 21-Table 23 illustrate the conformant bitstream structure when the independent streams are
transmitted via different sessions (i.e. Multl S&lon Transmission, or MST). Even-numbered access units
are shown in shaded cells. A

Table\21. Conformant Bitstream Structure for Stream 180p 30fps

NAL unit (type)

Relevant fields in the NAL

Description

SPS (7)

SPSID=0

SPS of stream 180p 30Hz

PPS (8) |.PPSID =0, SPSID =0 PPS of stream 180p 30Hz

Prefix (14) PRID =0, TID=0, DID=0 Prefix NAL of stream 180p 15Hz

IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 180p 15Hz
Prefix (14) PRID =1, TID=1, DID=0 Prefix NAL of stream 180p 30Hz
Non-IDRslice’(1) PPSID=0,POC=1 P slice(s) of stream 180p 30Hz

Prefix (14) PRID =0, TID=0, DID=0 Prefix NAL of stream 180p 15Hz

Non-IDR slice (1) PPSID =0, POC=2 Base layer P slice(s) in stream 180p 15Hz
Prefix (14) PRID =1, TID=1, DID=0 Prefix NAL of stream 180p 30Hz

Non-IDR slice (1)

PPSID =0, POC=3

P slice(s) of stream 180p 30Hz

Table 22. Conformant Bitstream Structure for Stream 360p 30fps
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NAL unit (type)

Relevant fields in the NAL

Description

SPS (7) SPSID=0 SPS of stream 240p 30Hz

SSPS (15) SPSID=0 Subset SPS of stream 360p 30Hz

PPS (8) PPSID =0, SPSID=0 PPS of stream 240p 30Hz SVC base layer
PPS (8) PPSID=1,SPSID=0 PPS of stream 360p 30Hz SVC scalable layer
Prefix (14) PRID =2, TID=0, DID=0 Prefix NAL of stream 240p 15Hz

IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 240p 15Hz
SVC ext slice (20) PPSID =1, PRID = 4, TID=0, DID=1 El slice(s) in stream 360p 15Hz

Prefix (14) PRID =3, TID=1, DID=0 Prefix NAL of stream 240p 30Hz

Non-IDR slice (1)

PPSID =0, POC=1

P slice(s) of stream 240p 30Hz ¢

SVC ext slice (20)

PPSID =1, PRID = 4, TID=1, DID=1

EP slice(s) in stream 360p 30Hz

Prefix (14)

PRID =2, TID=0, DID=0

Prefix NAL of stream 240p 15H

Non-IDR slice (1)

PPSID =0, POC =2

Base layer P slice(s) in stream 240p 15Hz

SVC ext slice (20)

PPSID =1, PRID = 4, TID=0, DID=1

EP slice(s) in stream 360p 15Hz

Prefix (14)

PRID =3, TID=1, DID=0

Prefix NAL of stream:240p 30Hz

Non-IDR slice (1)

PPSID =0, POC=3

P slice(s) of stream 240p 30Hz

SVC ext slice (20)

PPSID =1, PRID = 4, TID=1, DID=1

EP slice(s).in‘stream 360p 30Hz

Table 23. Conformant Bitstream Structtire for gtream 720p 30fps

NAL unit (type)

Relevant fields in the NAL

Description

SPS (7) SPSID=0 SPS of stream 480p 30Hz

SSPS (15) SPSID=0 Subset SPS of stream 720p 30Hz

PPS (8) PPSID =0, SPSID =0 PPS of stream 480p 30Hz SVC base layer
PPS (8) PPSID =1, SPSID =0 PPS of stream 720p 30Hz SVC scalable layer
Prefix (14) PRID =5, TID=0, DID=0 Prefix NAL of stream 480p 15Hz

IDR slice (5) PPSID=0,POC=0 Base layer IDR slice(s) in stream 480p 15Hz
SVC ext slice (20) PPSID =1, PRID = 7, TID=0, DID=1 El slice(s) in stream 720p 15Hz

Prefix (14) PRID=6, TID=1,DID=0 Prefix NAL of stream 480p 30Hz

Non-IDR slice (1)

PPSI%= 0,POC=1

P slice(s) of stream 480p 30Hz

SVC ext slice (20)

PPSID =1, PRID =7, TID=1, DID=1

EP slice(s) in stream 720p 30Hz

Prefix (14)

PRID =5, TID=0, DID=0

Prefix NAL of stream 480p 15Hz

Non-IDR slice (1)

PPSID =0, POC =2

Base layer P slice(s) in stream 480p 15Hz

SVC ext slice (20)

PPSID =1, PRID = 7, TID=0, DID=1

EP slice(s) in stream 720p 15Hz

Prefix (14)

PRID =6, TID=1,DID=0

Prefix NAL of stream 480p 30Hz

Non-IDR slice (1)

PPSID =0, POC =3

P slice(s) of stream 480p 30Hz

SVC ext slice (20)

PPSID =1, PRID =7, TID=1, DID=1

EP slice(s) in stream 720p 30Hz

Table 24 illustrates the conformant bitstream structure when the streams are interleaved in a single

session (i.e. Single Session Transmission, or SST). Even-numbered access units are shown in shaded cells.

Assume CGS is used in this example:

Page 28




H.264 AVC/SVC UCConfig Mode Specification V1.1

Table 24. Conformant Bitstream Structure when streams are interleaved in a single session

NAL unit (type)

Relevant fields in the NAL

Description

SPS (7) SPSID=0 SPS of stream 180p 30Hz

PPS (8) PPSID=0,SPSID=0 PPS of stream 180p 30Hz

SPS (7) SPSID=1 SPS of stream 240p 30Hz

SSPS (15) SPSID=0 Subset SPS of stream 360p 30Hz

PPS (8) PPSID=1,SPSID=1 PPS of stream 240p 30Hz SVC base layer
PPS (8) PPSID=2,SPSID=0 PPS of stream 360p 30Hz SVC scalable layer
SPS (7) SPSID =2 SPS of stream 480p 30Hz R\
SSPS (15) SPSID=1 Subset SPS of stream 720p 30Hz

PPS (8) PPSID =3, SPSID =2 PPS of stream 480p 30Hz SVC base layer
PPS (8) PPSID=4,SPSID=1 PPS of stream 720p 30Hz.SVC scalable layer
Prefix (14) PRID =0, TID=0, DID=0 Prefix NAL of stream 180p 15Hz

IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 180p 15Hz
Prefix (14) PRID =2, TID=0, DID=0 Prefix NAL of stream 240p 15Hz

IDR slice (5) PPSID=1, POC=0 Base layer IDR slice(s) in stream 240p 15Hz
SVC ext slice (20) PPSID = 2, PRID = 4, TID=0, DID=1 El slice(s) in stream 360p 15Hz

Prefix (14) PRID =5, TID=0, DID=0 Prefix NAL of stream 480p 15Hz

IDR slice (5) PPSID =3, POC=0 Base layer IDR slice(s) in stream 480p 15Hz
SVC ext slice (20) PPSID = 4, PRID = 7, TID=0, DID=1 El slice(s) in stream 720p 15Hz

Prefix (14) PRID =1, TID=1, DID=0 Prefix NAL of stream 180p 30Hz

Non-IDR slice (1) PPSID=0,P0OC=1 P slice(s) of stream 180p 30Hz

Prefix (14) PRID =3, TID=1, DID=0 Prefix NAL of stream 240p 30Hz

Non-IDR slice (1)

PPSID=1,POC=1

P slice(s) of stream 240p 30Hz

SVC ext slice (20)

PPSID = 2, PRID =4, TID=1,.DID=1

EP slice(s) in stream 360p 30Hz

Prefix (14)

PRID =6, TID=1,DID =0

Prefix NAL of stream 480p 30Hz

Non-IDR slice (1)

PPSID =3,POC=1 "

P slice(s) of stream 480p 30Hz

SVC ext slice (20)

PPSID = 4;PRID = 7, TID=1, DID=1

EP slice(s) in stream 720p 30Hz

Prefix (14) PRID =0, TID=0, DID=0 Prefix NAL of stream 180p 15Hz
Non-IDR slice (1) PPSID =0, POC=2 Base layer P slice(s) in stream 180p 15Hz
Prefix (14) PRID =2, TID=0, DID=0 Prefix NAL of stream 240p 15H

Non-IDR slice (1)

PPSID =1, POC=2

Base layer P slice(s) in stream 240p 15Hz

SVC ext slice (20)

PPSID = 2, PRID = 4, TID=0, DID=1

EP slice(s) in stream 360p 15Hz

Prefix (14)

PRID =5, TID=0, DID=0

Prefix NAL of stream 480p 15Hz

Non-IDR slice (1)

PPSID =3, POC =2

Base layer P slice(s) in stream 480p 15Hz

SVC ext slice (20)

PPSID = 4, PRID = 7, TID=0, DID=1

EP slice(s) in stream 720p 15Hz

@

The possible combinations of number of simulcast streams, number of scalable layers, maximum frame

rates, and resolutions are limited by the maximum macroblock processing rate defined as a part of the

hardware capabilities. The sum of macroblocks per second for all quality layers in the highest temporal

scale across all simulcast streams must not exceed this limit. For example, Table 25 shows the

macroblock processing rates for each scale in the above example.
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Table 25. Macroblock Processing Rate Example

MB/sec
Simulcast | 108000 108000 54000
streams 27600 27600 13800
7200 3600

In this example, the sum of macroblocks per second is 278400 MB/sec. This number must be smaller
than or equal to the maximum macroblocks per second supported by the encoder. p A

e\
§
7.5. UCConfig Mode 3: H.264 Full SVC scalability with simplcast (
L ]

In this UCConfig Mode, UCConfig Mode 2q is applied first. In addition t?.(he temporal and SNR scalability
modes, spatial scalability is used to all the frames to further divide the streams into more spatial layers.
The bitstream in the base spatial layer must conform to the constraints'in Section 7.3. In each spatial
enhancement layer, additional SNR scalability (CGS or MGS) can be app\)lied when more layers are
needed. The decoding order must be the same as the dis})Ia§order in all scalable layers. Here is the way
to combine two-layer temporal scalability mode, two-layer spatial scalability mode, and two-layer SNR

scalability mode within each spatial layer. A\
A /"= A A
P et S s s s Ny g
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Figure 10. SVC UCConfig Mode 3 - full SVC scalability mode with Simulcast
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Solid arrows represent temporal prediction and reference, and dashed arrows represent spatial quality
prediction and reference. The bold type represents frames with high resolution.

Totally, there are 5 layers or scales of streams from this mode.

e |, and P’s are frames for base layer,
e P’sare frames for enhancement layer 1 from temporal scalability, and
e |, and P’s are frames for enhancement 2 from SNR scalability, and

. , and EP’s are frames for enhancement layer 3 from spatial scalability, and A QN
. ,and EP’s are frames for enhancement layer 4 from additional SNR scalability iqthe spatial
enhancement layer. X
Y ¢
N\
To illustrate this, let’s use the source materials of 720p 30fps and fixed quantization step size (Qp) as an
example.
O\
e 360p 15fps with Qp 38 as the base layer, and &
e 360p 15fps with Qp 38 as the enhancement layer 1 (or 30fps when combining with the base
layer), and .

%
e 360p 30fps with Qp 34 as the enhancement layer 2, and’
e 720p 30fps with Qp 34 as the enhancement layer. 3;and
e  720p 30fps with Qp 30 as the enhancement Ia?er 4,

Similar to other UCConfig Modes, priorl:cy_id in SVC extension slice headers is used to signal the
importance of a spatial layer relative to all\tay{‘s across all streams. The value of priority_id for the first
spatial scalable layer must be the higbestyalue of priority_id in the base layer resolution plus one. If
additional SNR scalability is introduced inside a spatial scalable layer, the value of priority_id increments
by one for each additional SNR layer, from the lowest to the highest. The value of priority_id of the
second spatial scalable layer is one plus the highest value of priority_id in the first spatial scalable layer.
If additional SNR scalabilith introduced, the same rule for assigning the values of priority_id applies.
The same procedureyapplied to higher spatial layers.

The values of tegnporal_id must be the same as that in the corresponding SVC base layer frame in all SVC
extension slic aders. The value of dependency_id is incremented by one in successive spatial or CGS
layers. Whenradditional MGS sub-layers are introduced inside a spatial scalable layer, the value of
quality_id i;assigned in the same way as specified in Section 7.3. When present, the minimum number
of MGS sub-layers in each spatial scalable layer is 2 and the maximum is 4. When additional CGS
scalability is introduced inside a spatial scalable layer, the value of dependency_id for the first CGS
scalable layer is one plus the value of dependency_id of the base quality layer with the same resolution.
The value of dependency_id is incremented by one for additional CGS layers with the same resolution.
The value of use_ref_base_pic_flag must be 1 for slices that are part an MGS key picture, and 0
otherwise. The values of output_flag and discardable_flag are 1 for slices associated with the largest
value of dependency_id in the coded picture and 0 otherwise.
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As mentioned in Section 6.1.2, the UC Scalable Constrained High toolset requires spatial scalability
restricted to resolution ratios of 1.5 and 2 between successive spatial layers in both horizontal and
vertical direction. In this UCConfig Mode, the minimum number of spatial layers is 2 (one base and one
enhancement spatial layer). The requirement for the temporal layers follows the ones defined in
UCConfig Mode 1. The requirement for the quality layers follows the ones defined in UCConfig Mode 2q.

This UCConfig Mode also supports multiple independent simulcast streams generated from the encoder
at the same time. Each independent stream has different bitrates and is conformant to UCConfig Mode
3 with temporal, spatial and SNR scalability modes, embedded in each stream. AN

When two or more independent streams are generated by the encoder, the encoder %ﬁ adjust the
base value of priority_id (i.e. the value of priority_id associated with the base Iayer)@; each stream to
signal the importance of a layer relative to all layers across all streams. The basg\hlue of priority_id for
the lowest bitrate stream is unchanged (i.e. shall be equal to 0). The base value.of priority_id for the
next higher bitrate stream is shifted up by one plus the value of priority_id for. the highest scalable layer
in the lowest bitrate stream. The base value of priority_id for the resto the streams is adjusted in a
similar manner. The adjustment assures a unique priority_id associated with each layer for each stream,

with lower layers and lower bitrate streams being assigned a higher priority.
4

Encoders conforming to UCConfig Mode 3 must be able to g?enet’ate bitstreams in UCConfig Mode 0, in
UCConfig Mode 1, in UCConfig Mode 2q, in UCConfig Mode3, bitstreams that support SNR scalability
only, bitstreams that support spatial scalability.only, akd bitstreams that support SNR and spatial
scalability only. The run-time configuration is negotiated between decoders and encoders which is out

\é

When interleaving of multiple streams int‘o one single session is requested, the encoder must generate

of the scope of this specification. ¢

unique seq_parameter_set_id and picture_parameter_set_id across all simulcast streams so the
extraction of one stream from the interleaved bitstream is feasible. When present, SEl messages are
associated with the stream corresponding to the immediately following NAL unit. NAL units containing
pictures captured at the s@e time should be ordered according to their priority_id in the bitstream.
However, in cases that preserving such order increases encoding latency, encoders may order NALUs
with larger value of%rority_id before NAULs with smaller value of priority_id. Encoders shall not
interleave NALUs.corresponding to different timestamps.

Heretis an.example of multiple UCConfig Mode 3 streams. The encoder produces two independent
simulcast st.reams with highest resolutions, bitrates, and maximum frame rates of: 720p 30fps at
1.5Mbps and 360p 30fps at 600Kbps. For the 720p stream, there are two temporal layers and two
spatial layers. Each spatial layer contains one quality enhancement layer. For the 360p stream, there are
two temporal scalable layers, two spatial layers, but no quality enhancement layer (same Qp across all
layers). There are a total of 8 scalable layers, 5 in the 720p stream and 3 in the 360p stream. Table 26
summarizes these two simulcast streams:

Table 26. UCConfig Mode 3 Multiple Simulcast Stream Examples
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Simulcast
streams

Scalable layers
720p 30fps | 720p 30fps 480p 30fps 480p 30fps 480p 15fps
Quality 2 Quality 1 Quality 1 Quality 0 Quality 0
360p 30fps 180p 30fps 180p 15fps
Quality 0 Quality 0 Quality 0

Table 27-Table 29 illustrate the conformant bitstream structure when the independent streams are

transmitted via different sessions (i.e. Multi-Session Transmission, or MST). Even-numbered access units
3

are shown in shaded cells. Assume CGS is used in this example: g

Table 27. Conformant Bitstream Structure for Stream 360p 30fps

x\

NAL unit (type)

Relevant fields in the NAL

Description

SPS (7) SPSID=0 SPS of stream 180p.30Hz

SSPS (15) SSPID=0 Subset SPS of stream 360p 30Hz

PPS (8) PPSID =0, SPSID =0 PPS of stream 180p 30Hz SVC base layer
PPS (8) PPSID=1,SPSID =0 PPS of stream-360p 30Hz SVC scalable layer
Prefix (14) PRID =0, TID=0, DID=0 Prefix NAL of stream 180p 15Hz

IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 180p 15Hz
SVC ext slice (20) PPSID =1, PRID = 2, TID=0, DID=1 El slice(s) in stream 360p 15Hz

Prefix (14) PRID =1, TID=1, DID=0 Prefix NAL of stream 180p 30Hz

Non-IDR slice (1)

PPSID=0,POC=1

P slice(s) of stream 180p 30Hz

SVC ext slice (20)

PPSID =1, PRID = 2, TID=1,:DID=1

EP slice(s) in stream 360p 30Hz

Prefix (14)

PRID = 0, TID=0, DID=0

Prefix NAL of stream 180p 15Hz

Non-IDR slice (1)

PPSID =0, POC =2

P slice(s) in stream 180p 15Hz

SVC ext slice (20)

PPSID =1, PRID = 2, TID=0, DID=1

EP slice(s) in stream 360p 15Hz

Prefix (14)

PRID =1, TID=1; DID=0

Prefix NAL of stream 180p 30Hz

Non-IDR slice (1)

PPSID = 0, POC=3

P slice(s) of stream 180p 30Hz

SVC ext slice (20)

PPSID.= 1, PRID= 2, TID=1, DID=1

EP slice(s) in stream 360p 30Hz

)

» Table 28. Conformant Bitstream Structure for Stream 720p 30fps

NAL unit (type) .

Relevant fields in the NAL

Description

SPS (7) SPSID =0 SPS of stream 480p 30Hz

SSPS«(15) . = SSPID=0 Subset SPS of stream 480p 30Hz

SSPS (15) SSPID=1 Subset SPS of stream 720p 30Hz

PPS (8) PPSID=0,SPSID=0 PPS of stream 480p 30Hz SVC base layer
PPS (8) PPSID=1,SPSID=0 PPS of stream 480p 30Hz SVC scalable layer
PPS (8) PPSID=2,SPSID=1 PPS of stream 720p 30Hz SVC scalable layer
Prefix (14) PRID = 3, TID=0, DID=0 Prefix NAL of stream 480p 15Hz

IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 480p 15Hz

SVC ext slice (20)

PPSID =1, PRID =5, TID=0, DID=1

El slice(s) in stream 480p 15Hz

SVC ext slice (20)

PPSID = 2, PRID = 6, TID=0, DID=2

El slice(s) in stream 720p 15Hz

SVC ext slice (20)

PPSID =2, PRID =7, TID=0, DID=3

El slice(s) in stream 720p 15Hz
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Prefix (14)

PRID =4, TID=1, DID=0

Prefix NAL of stream 480p 30Hz

Non-IDR slice (1)

PPSID =0, POC=1

P slice(s) of stream 480p 30Hz

SVC ext slice (20)

PPSID =1, PRID =5, TID=1, DID=1

EP slice(s) in stream 480p 30Hz

SVC ext slice (20)

PPSID = 2, PRID = 6, TID=1, DID=2

EP slice(s) in stream 720p 30Hz

SVC ext slice (20)

PPSID =2, PRID =7, TID=1, DID=3

EP slice(s) in stream 720p 30Hz

Prefix (14)

PRID = 3, TID=0, DID=0

Prefix NAL of stream 480p 15Hz

Non-IDR slice (1)

PPSID =0, POC =2

P slice(s) in stream 480p 15Hz

SVC ext slice (20)

PPSID = 1, PRID = 5, TID=0, DID=1

EP slice(s) in stream 480p 15Hz

SVC ext slice (20)

PPSID = 2, PRID = 6, TID=0, DID=2

EP slice(s) in stream 720p 15Hz

SVC ext slice (20)

PPSID = 2, PRID = 7, TID=0, DID=3

EP slice(s) in stream 720p 15Hz

Prefix (14)

PRID =4, TID=1, DID=0

Prefix NAL of stream 480pﬁ0Hz

Non-IDR slice (1)

PPSID =0, POC=3

P slice(s) of stream 480p-30Hz

SVC ext slice (20)

PPSID =1, PRID =5, TID=1, DID=1

EP slice(s) in stream 4§Op'30Hz

SVC ext slice (20)

PPSID =2, PRID = 6, TID=1, DID=2

EP slice(s) in stream 720p 30Hz

SVC ext slice (20)

PPSID =2, PRID =7, TID=1, DID=3

EP slice(s) in stream 720p 30Hz

_

Table 29 illustrates the conformant bitstream structure when the streams are interleaved in a single

session (i.e. Single Session Transmission, or SST). Even-namt;eregl access units are shown in shaded cells.

Assume CGS is used in this example:

Table 29. Conformant Bitstream Structure whenistreams are interleaved in a single session

NAL unit (type)

Relevant fields in the NAL

Description

SPS (7) SPSID=0 @ SPS of stream 180p 30Hz

SSPS (15) SSPID=0 Subset SPS of stream 360p 30Hz

PPS (8) PPSID =0, SPSID = 0., PPS of stream 180p 30Hz SVC base layer
PPS (8) PPSID = 1,SPSID.=0 PPS of stream 360p 30Hz SVC scalable layer
SPS (7) SPSID.= 1 SPS of stream 480p 30Hz

SSPS (15) SSPID=1 . Subset SPS of stream 480p 30Hz

SSPS (15) SSPID.=2 Subset SPS of stream 720p 30Hz

PPS (8) PPSID=2,SPSID=1 PPS of stream 480p 30Hz SVC base layer
PPS (8) PSID=3,SPSID=1 PPS of stream 480p 30Hz SVC scalable layer
PPS (8) PPSID =4, SPSID =2 PPS of stream 720p 30Hz SVC scalable layer
Prefix (14) PRID =0, TID=0, DID=0 Prefix NAL of stream 180p 15Hz

IDR slice (5) PPSID =0, POC=0 Base layer IDR slice(s) in stream 180p 15Hz
SVC ext slice (20) PPSID =1, PRID = 2, TID=0, DID=1 El slice(s) in stream 360p 15Hz

Prefix (14) PRID = 3, TID=0, DID=0 Prefix NAL of stream 480p 15Hz

IDR slice (5) PPSID=2,POC=0 Base layer IDR slice(s) in stream 480p 15Hz

SVC ext slice (20)

PPSID = 3, PRID =5, TID=0, DID=1

El slice(s) in stream 480p 15Hz

SVC ext slice (20)

PPSID = 4, PRID = 6, TID=0, DID=2

El slice(s) in stream 720p 15Hz

SVC ext slice (20)

PPSID = 4, PRID = 7, TID=0, DID=3

El slice(s) in stream 720p 15Hz

Prefix (14)

PRID =1, TID=1, DID=0

Prefix NAL of stream 180p 30Hz

Non-IDR slice (1)

PPSID=0,POC=1

P slice(s) of stream 180p 30Hz

SVC ext slice (20)

PPSID =1, PRID = 2, TID=1, DID=1

EP slice(s) in stream 360p 30Hz
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Prefix (14)

PRID =4, TID=1, DID=0

Prefix NAL of stream 480p 30Hz

Non-IDR slice (1)

PPSID=2,POC=1

P slice(s) of stream 480p 30Hz

SVC ext slice (20)

PPSID = 3, PRID =5, TID=1, DID=1

EP slice(s) in stream 480p 30Hz

SVC ext slice (20)

PPSID =4, PRID = 6, TID=1, DID=2

EP slice(s) in stream 720p 30Hz

SVC ext slice (20)

PPSID = 4, PRID =7, TID=1, DID=3

EP slice(s) in stream 720p 30Hz

Prefix (14)

PRID = 0O, TID=0, DID=0

Prefix NAL of stream 180p 15Hz

Non-IDR slice (1)

PPSID =0, POC =2

P slice(s) in stream 180p 15Hz

SVC ext slice (20)

PPSID = 1, PRID = 2, TID=0, DID=1

EP slice(s) in stream 360p 15Hz

Prefix (14)

PRID = 3, TID=0, DID=0

Prefix NAL of stream 480p 15Hz

Non-IDR slice (1)

PPSID =2, POC =2

P slice(s) in stream 480p 15Hz

SVC ext slice (20)

PPSID = 3, PRID =5, TID=0, DID=1

EP slice(s) in stream 480p 15Hz

SVC ext slice (20)

PPSID = 4, PRID = 6, TID=0, DID=2

EP slice(s) in stream 720p 15Hz

SVC ext slice (20)

PPSID =4, PRID = 7, TID=0, DID=3

EP slice(s) in stream 720p 15Hz
A

°

The possible combinations of number of simulcast streams, number th:alable layers, maximum frame

rates, and resolutions are limited by the maximum macroblock pro&essing rate (MB/sec) defined as a

part of the hardware capabilities. The sum of macroblocks per second for all quality/spatial layers in the

highest temporal scale across all simulcast streams must not exceed this limit. For example, Table 30

shows the macroblock processing rates for each scale in the above example.

Table 30. Macroblock Pro&ssing Rate Example

MB/sec
Simulcast | 108000 | 408000 | 48600 48600 24300
streams 27600 7200 3600
8

In this example, the sum of-macroblocks per second is 348000 MB/sec. This number must be smaller
than or equal to the maximum macroblocks per second supported by the encoder.

)

8. Conformance Test Configuration
S

8.13°Resolutions

This section describes the resolutions that are considered for conformance test. Encoders that conform
to this specification may support resolution not listed here as long as the constraints specified in Section
6.2 are fulfilled.
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8.1.1. Landscape Orientation

e (Approximate) 16:9 aspect ratio:
O 1080p (1920x1080 pixels) (coded as 1920x1088, or 120x68 MB’s),
720p (1280x720 pixels ) (80x45 MBs),
540p (960x540 pixels ) (coded as 960x544, or 60x34 MB's),
480p (848x480 pixels) (53x30 MB’s),
360p (640x360 pixels ) (coded as 640x368, or 40x23 MB's),
270p (480x270 pixels ) (coded as 480x272, or 30x17 MB's), AR
240p (424x240 pixels ) (coded as 432x240, or 27x15 MB's),
180p (320x180 pixels) (coded as 320x192, or 20x12 MB’s),
O 90p (160x90 pixels) (coded as 160x96, or 10x6 MB’s) i
e (Approximate) 4:3 aspect ratio: N
O VGA (640x480 pixels) (40x30 MB's),
0 424x320 pixels (coded as 432x320, or 27x20 MB'’s), O
0 QVGA (320x240 pixels ) (20x15 MB’s), P~
0 QQVGA (160x120 pixels) (coded as 160x128, or.10x8 WB’s)
e 20:3 aspect ratio (panorama): \ (
Pano288p (1920x288 pixels ) (120x18 MB'’s), 4
Pano192p (1280x192 pixels ) (80x12 MB's),
Panol144p (960x144 pixels ) (60x9 MB’s);
Pano96p (640x96 pixels) (40x6 MB’s).

O O O 0O o o o

O O O O

.\
8.1.2. Portrait Orientation .(‘
AN
e (Approximate) 9:16 aspeclt ratio:
0 1080x1920'pixels (coded as 1088x1920, or 68x120 MB's),
0 720x128.pixels (4§x80 MB’s),
0 540x960 Fhels (coded as 544x960, or 34x60 MB’s),
o 480948 pixels (30x53 MB’s),
0 ' 360x640 pixels (coded as 368x640, or 23x40 MB’s),
0 270x480 pixels (coded as 272x480, or 17x30 MB’s),
V240x424 pixels (coded as 240x432, or 15x27 MB'’s),
"0 180x320 pixels (coded as 192x320, or 12x20 MB’s),
0 90x160 pixels (coded as 96x160, or 6x10 MB’s)
e (Approximate) 3:4 aspect ratio:
0 480x640 pixels (30x40 MB's),
O 320x424 pixels (coded as 320x432, or 20x27 MB’s),
0 240x320 pixels (15x20 MB’s),
0 120x160 pixels (coded as 128x60, or 8x10 MB's)
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8.1. Frame Rates

Here are the frame rates that are considered for conformance test. Encoders that conform to this
specification may support frame rates not listed here as long as the constraints specified in Section 6.2

are fulfilled.
e 30Hz
e 15Hz LN
e 75Hz \’
x v
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