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1.
Introduction

The H.263 standard provides an important basis for high performance real-time video communications. The original H.263 standard was organized as a baseline standard plus 5 optional annexes (Annex D through Annex H). The subsequent version 2 has added 12 optional annexes (Annex I through Annex T) and ongoing version 3 is adding 3 additional optional annexes (Annex U through Annex W). Furthermore, some annexes contain up to three tools. Collectively this large set of tools, although some subsets of it are quite useful, poses a challenge for interoperability of H.263 codecs. While it is true that these annexes are optional and can be negotiated by external signaling (e.g. H.245), due to their large number, it is likely that a common mode of operation between codecs really ends up being the baseline mode.  This can have the undesirable effect that key, useful tools that are capable of providing higher efficiency or other functionalities such as high error resilience or scalability, may not be typically used. Realizing this limitation, Appendix II of the Draft H.263 recommendation lists three interoperability “levels” in the form of combinations of Annexes. There are two concerns with this approach.  First, the interoperability points are not mandatory; further, the recommended interoperability points need to be augmented for potential key applications of H.263.

In this document we present a structure for improving the current situation of interoperability with H.263 as well as demonstrating its utility by defining a tools subset of H.263 for addressing the application area of video telephony over Broadband IP networks.

2.
Profiles and Levels

To allow economical development of video telephony products as well as to promote interoperability between these products, it is necessary to define subsets of the H.263 standard such that each subset addresses specific classes of applications with similar functional requirements. This can be accomplished via the concept of profiles.

A profile is a well defined subset of the entire bitstream syntax of the H.263 standard. The syntax of a profile corresponds to the tools it supports. Further, since a profile may cover a large range of processing complexity, each profile is partitioned into a number of levels. Each level within a profile refers to constraints on values of parameters in the bitstream. Therefore, a profile and level combination specifies the tools needed for decoding a bitstream as well as an estimate of its decoding complexity.  This is the approach used successfully by MPEG.
3. Broadband IP Video Telephony (VT) Profile

Videotelephony over Broadband IP is expected to provide a rich set of ‘live’ 2-way video enabled capabilities typically difficult to obtain for home consumers via ISDN or modem. The primary difference is in bitrates since home consumers typically connecting to internet via regular modems run at bitrates less than or equal to 56 kbit/s. On ISDN the rate is typically 128 kbs.  On the other hand, DSL or cable modems, either standalone in PC’s or via a set top box, promise much higher bitrates for two-way communication. 

3.1 Some Key Issues

The H.263 Version 2 Draft Standard addresses operating conditions for video codecs ranging from very low bit rates in the order of tens of kilobits per second to relatively high bit rates of hundreds of kilobits per second with low error-rates. Moreover, the standard specifies an extensive set of scalability features that can be applied in many different scenarios plus several modes of motion compensation with various levels of complexity.  While Broadband IP Video Telephony shares many of the issues that led to the development of the set of Annexes and Tools that form an integral part of the H.263 Draft Recommendation, Broadband IP nevertheless has its own set of requirements to be met.  It is thus desirable to formulate an operating point for Video Telephony over Broadband IP that is tailored to those requirements and use the tools and sub-annexes that are immediately relevant to this application.

More specifically, terminals for Video Telephony over Broadband IP Systems will normally use several hundred kilobits per second in the near term and reach megabits per second in the long term. So we need not address issues related to lower bit rates in this context. The type of errors expected when transmitting over this medium is most likely to be IP packet losses. Hence, we need to include specific error resilience tools to cope with such eventualities. We should expect that some form of quality of service (QoS) will be implemented in the near future. Exploiting such features requires some of the scalability sub-modes already described in the annexes or currently in discussion. In addition, some or all of the video telephony functionalities may be implemented in future digital set-top boxes with various levels of computing power. 

3.2 Tools

Proposed Tools for Broadband IP

Annex
Section
Details
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D.1
Motion vectors over picture boundaries


D.2
Extension of the motion vector range

F
F.2
Four motion vectors per macroblock

I
All
DC and AC prediction and scan patterns, modified quantizer oddification, Intra VLC
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J.3
Deblocking edge filter

K
Submode 1
Rectangular slice submode

K
Submode 2
Arbitrary slice ordering submode

L
L.4
Full picture freeze request

O
O 1.1
B-pictures for temporal scalability

R

Independent segment decoding using slice based video picture segment

T
All
Modified quantization  modes – modified coefficient  range
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3.3 Justification

In the light of the issues raised in Section 3.1, our target is to specify a critical set of tools from H.263 Annexes to achieve optimal performance in video quality, error resilience, implementation complexity and simplified capability exchange. In doing so we need to decouple each useful tool from the Annex where it is specified in the interest of incremental performance-complexity trade-off. By selecting sub-modes having high performance improvement, but lower incremental computational cost we reduce overall implementation complexity and increase the likelihood that these beneficial modes would actually be used. 

In this context, the selected sections from Annexes D, F, I, J and T address the need for improved picture quality beyond baseline H.263 video coding.  However, the overlapped motion compensation section of annexes is not included in this specification because of its potentially high implementation cost. Similarly, the selected section from Annex O allows some level of scalability. 

The use of profiles and levels in this context extends some issues already addressed in the Appendix II of H.263 Version 2 Draft Recommendation to include consideration for simplified capability exchange. This will ensure easier integration with lightweight multimedia communication protocols likely to be used on Broadband IP networks whether they are H.245-like, Media Gateway Control, SIP or PacketCable.
4.
Potential Solution

We now propose a structure for adding profile/level information to the H.263 standard. A new annex, called Annex X is defined for this purpose. The proposed annex (Annex X) is attached to this document.

Annex  X
Specification of Profiles and Levels

(This annex forms an integral part of this Recommendation.)

X.1
Introduction

This annex describes a means to specify the profile and level information in H.263. The use of this annex is indicated in the PLUSPTYPE field of the picture header. The profile information indicates the combination of tools needed to decode bitstreams compliant to that profile while the level information indicates the complexity of the bitstream.

X.2
Syntax and Semantics

X.2.1
Plus PTYPE (PLUSPTYPE) (Variable Length)

A codeword of 12, 20 or 30 bits which is present only if the presence of extended PTYPE is indicated in bits 6-8 of PTYPE.

PLUSPTYPE is comprised of up to three fields from among four fields: UFEP, OPPTYPE, OPPLID and MPPTYPE. There is a semantic restriction that only one out of the two optional fields, OPPTYPE and OPPLID, is allowed at a time. OPPTYPE is present only if UFEP has one particular value. Likewise, OPPLID is only present if UFEP has another particular value. 

X.2.1.1
Update Full Extended PTYPE (Variable Length)

This section modifies the semantics of Update Full Extended PTYPE (UFEP) to define a reserved code, UFEP=”100” to signal the presence of an 8 bit optional ProfileLevelID (OPPLID). Thus, including the existing definition of UFEP, (H.263 draft, section 5.1.4.1) all values allowed are as follows. 

TABLE X.1/H.263

Extended definition of UFEP field

UFEP Code
Meaning
Total length of PLUSPTYPE

000
Mandatory part (MPPTYPE) of PLUSPTYPE
12

001
Optional part (OPPTYPE) and the Mandatory part (MPPTYPE) of PLUSPTYPE
30

010
Optional Profile and Level ID (OPPLID) and the Mandatory part (MPPTYPE) of PLUSPTYPE
20

011
Reserved
-

  :
Reserved
-

111
Reserved
-

X.2.1.2
Optional Profile and Level ID (8-bit)

Further, the 8-bit OPPLID field is subdivided into three subfields,  Escape Structured Profiles (ESP), Profile ID (PID) and  Level ID (LID). The structure of OPPLID is given as follows.

ESP
PID
 LID

FIGURE X.1/H.263

Structure of optional profile and level ID

X.2.1.3
Escape Structured Profiles (1-bit)

This is a 1-bit code which when set to ‘1’ indicates use of nonhierarchical profiles. The default value of this bit is ‘0’, indicating the use of hierarchical structured profiles.

X.2.1.4
Profile ID (4-bit)

This is a 4-bit code that specifies the profile ID of the bitstream; Table X.2 shows the profiles in a hierarchical structure of profiles that can be signaled by this PID code.

TABLE X.2/H.263

Profiles ID Table

PID Code
Meaning

0000
reserved

   :
reserved

0010
Broadband IP VT profile

  :
reserved

1111
reserved

X.2.1.5
Level ID (3-bit)

This is a 3-bit code that specifies the level ID of the bitstream; Table X.3 shows the levels of a hierarchical structure of levels that can be signaled by this LID code.

TABLE X.3/H.263

Level ID Table

LID Code
Level Indicated
Level Definition (upper limits)

000
reserved
-

001
reserved
-

010
Low
176 pels/line, 144 lines/frame, 30 frames/s, 352 kbit/s

011
Main
352 pels/line, 288 lines/frame, 30 frames/s, 1,408 kbit/s

100
High
704 pels/line, 576 lines/frame, 30 frames/s, 5,632 kbit/s

101
reserved
-

110
reserved
-

111
reserved
-

X.3
Broadband IP VT Profile
A list of mandatory tools for this profile is shown in Table X.4.  Decoders shall support all of these tools.

TABLE X.4/H.263

Tools (in addition to baseline H.263) in Broadband IP VT Profile

Annex
Section
Details

D
D.1
Motion vectors over picture boundaries


D.2
Extension of the motion vector range

F
F.2
Four motion vectors per macroblock

I
All
DC and AC prediction and scan patterns, modified quantizer oddification, Intra VLC

J
J.3
Deblocking edge filter

K
Submode 1
Rectangular slice submode

K
Submode 2
Arbitrary slice ordering submode

L
L.4
Full picture freeze request

O
O 1.1
B-pictures for temporal scalability

R

Independent segment decoding using slice based video picture segment

T
All
Modified quantization  mode – modified DQUANT update, altered chrominance quant, modified coefficient  range

In this profile we support two levels only, the Low and the Main level of Table X.3.
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