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Abstract

Thi s docunent provides specific requirenents for an Internet video
codec. These requirenents address quality, bit-rate, |oss

robust ness, application suitability, as well as other desirable
properties.

Status of this Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute

wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on April 18, 2013.
Copyright Notice

Copyright (c) 2012 | ETF Trust and the persons identified as the
docunment authors. All rights reserved.

This docunment is subject to BCP 78 and the | ETF Trust’s Lega
Provisions Relating to | ETF Documents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunents
carefully, as they describe your rights and restrictions with respect
to this docunment. Code Conponents extracted fromthis docunment nust
include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided without warranty as
described in the Sinplified BSD Li cense.
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1. Introduction

Thi s docunment provides requirements for a video codec designed
specifically for use over the Internet. The requirenents attenpt to
address the needs of the npst comon Internet video transm ssion
applications and to ensure good quality when operating in conditions
that are typical for the Internet. These requirenents address
quality, bit-rate, and | oss robustness. Oher desirable codec
properties are considered as well.
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2. Definitions

Codec bit-rates in bits per second (b/s) will be considered wthout
counting any overhead (1 P/ UDP/ RTP headers, padding, ...).
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3. Applications

The follow ng applications should be considered for Internet video
codecs, along with their requirenents:

0 Live video streanng
o Video on denand
0o Point to point video calls
o Video Conferencing
0 Tel epresence
0 Tel eoperation
0 Renote software services
0o Oher applications

3.1. Point to point video calls
Point to point calls are calls fromtwo "standard" (fixed or nobile)
phones, desktop, portable conputers, or tablets, and inplenented in
hardware or software

3.2. Video Conferencing
Vi deo Conferencing applications (which support nulti-party calls)
have additional requirenents on top of the requirenents for point-to-
point calls. Conferencing systens often have greater network
bandwi dth available. The ability to vary the bit-rate (VBR) is a
desirable feature for the codec. This not only saves bandw dth "on
average", but it can also help conference servers nmake nore efficient
use of the avail abl e bandwi dth by using nore bandwi dth for inportant
video streans and | ess bandwi dth for |ess inportant ones.

3.3. Tel epresence
Most tel epresence applications can be considered to be essentially
very high quality video conferencing environments, so all of the
conferencing requirenents al so apply to tel epresence.

3.4. Tel eoperation and Renote Software Services

Tel eoperation applications are sinmlar to tel epresence, with the
exception that they involve renote physical interactions. For
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exanpl e, the user nmay be controlling a robot while receiving a real -
time video feed fromthat robot. The other requirenments of
tel epresence apply to tel eoperation as well.

The requirenents for renote software services are simlar to those of
tel eoperation. These applications include renote desktop
applications, renote virtualization, and interactive nedia
applications being rendered renotely (e.g. video ganes rendered on
central servers).

3.5. Oher applications

The above list is by no means a conplete list of all applications
involving interactive video transm ssion on the Internet. However,
it is believed that neeting the needs of all these different
applications should be sufficient to ensure that nost applications
not listed will also be net.
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4.

Constraints | nposed by the Internet on the Codec

The bandwi dth requirenents of video are a significant obstacle for

I nternet deploynent. A substantial portion of the hosts on the

I nternet have connectivity sufficient to carry perceptually | ossless
audi o, even in inefficient unconpressed form However, a nuch
smal l er portion of hosts have connectivity sufficient for the 200+
megabi ts per second required for unconpressed 30f ps standard
definition video, and expected resolutions for Internet video are

i ncreasing. Even the highest resolutions w dely used off the
Internet, where wi de-area bandwidth is not a constraint, have not yet
reached perceptual |osslessness. In addition to increases in

resol ution, operating nodels which are | ess broadcast-oriented
(including video on demand and video conferencing) linmt the traffic
mtigation effectiveness of CDNs and mnulticast, though support for

t hese technol ogies remains essential. Because there are a few
applications where increases in bandwi dth efficiency are not

i nportant and many where inproved efficiency is essential--such as
delivering HD video to bandw dt h-constrai ned network edges--it is

i mportant that the codec deliver conpetitive quality per bitrate and
support a w de range of bandw dt hs.

Packet | osses are inevitable on the Internet and dealing with themis
one of requirenents for an Internet video codec. Efficient video
conmpression typically uses very high gain backward prediction, which
can result in infinite error propagation in the worst case if
measures are not taken to mtigate it. FError propagation is usually
mtigated in traditional file- and broadcast-oriented codecs through
key-franes, periodic intra refresh, and constrai ned back-reference
structure. Wile these techniques are inportant, and al so enable
random access, a codec designed for the Internet should also be able
to take advantage of bidirectional conmunication to reduce the inpact
of | oss when possi bl e.

In many high-latency and non-realtine applications, however, the

rel evant transport is |lossless. Wile random access still is

i mportant, general error tolerance is not, and the codec may support
nmodes whi ch have very |l ow error tol erance--including ones which
prevent packet decode in the presence of loss, if it results in
efficiency gains for non-realtine applications.

For interactive applications latency is an inportant codec
performance netric and nany common input and out put devices add
franes of latency. To avoid adding further delays the codec nust
support operating in a node that adds no nore delay than that from
processing a single frane at a tine. Mdes which pernit sub-frane
encodi ng nmay be useful but are hanpered by the |ack of subfrane
support in existing input and output devices.
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Anot her inportant property of the Internet is that it is nostly a
best-effort network, with no guaranteed bandwi dth. This neans that
the codec has to be able to vary its output bit-rate dynamcally (in
real -tine), without requiring an out-of-band signaling nmechanism and
wi thout causing artifacts at the bit-rate change boundaries. Because
the conpl ete range of useful bit-rates may not be achievable at a
single resolution the codec may need to support changi ng resol utions
on the fly. Additional desirable features are

0 Having the possibility to use snooth bit-rate changes with high
bit-rate resolution;

0 Miking it possible for a codec to adapt its bit-rate based on the
source signal being encoded (source-controlled VBR) to maxin ze
the quality for a certain _average_ bit-rate.

Because the Internet transnmits data in bytes, a codec shoul d produce
conpressed data in integer nunmbers of bytes. 1In general, the codec
desi gn should take into consideration explicit congestion
notification (ECN) and nulticast and may include features that woul d
i mprove the quality of an ECN or nulticast enabl ed depl oynent.

The | ETF has defined a set of application-layer protocols to be used
for transmtting real-tine transport of nultinedia data, including

video. It is thus inportant for the resulting codec to be easy to
use with these protocols. For example, it nust be possible to create
an [ RTP] payload format that conforns to BCP 36 [ PAYLOADS]. |If any

codec paraneters need to be negoti ated between end-points, the
negoti ati on shoul d be as easy as possible to carry over SIP

[ RFC3261] / SDP [ RFC4566] or alternatively over XMPP [ RFC6120]/Jingle
[ XEP- 0167] .
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5. Detail ed Basic Requirenments

This section sumarizes all the constraints inposed by the target
applications and by the Internet into a set of actual requirenents
for codec devel opnent.

5.1. Quality and bit-rate

The quality of a codec is directly linked to the bit-rate, so these
two nmust be considered jointly. Wen conparing the bit-rate of
codecs, the overhead of | P/ UDP/ RTP headers shoul d not be consi dered,
but any additional bits required in the RTP payload format after the
header (e.g. required signaling) should be considered. In terns of
quality vs bit-rate, the codec to be devel oped nust be better than
the follow ng codecs, that are generally considered as royalty-free:

o VP8
o Theora

It is desirable for the codecs to support source-controlled variable
bit-rate (VBR) to take advantage fromthe fact that different inputs
require a different bitrate to achieve the sane quality.

5.2. Conputational resources

The resulting codec should be inplementable on a wi de range of

devi ces, and should not have a design which gratuitously conplicates
| ow power ASIC inplenentations. Wile the codec nust not depend on
speci al hardware features or instructions, the codec design should
allow i npl ementations to take full advantage of hardware accel erators
and vector instructions where available. Conplexity should generally
scale with resolution, and it is also desirable to support nultiple
encoder and decoder conplexity levels via mechani snms ot her than
resolution, in order to achieve the best possible bitrate/quality
trade-of f avail abl e across many ki nds of devices without unduly
constraining resolution. The codec should also be able to take
advant ages of advances in conmputer speed and the depl oyment of

har dwar e accel erators which would allow the use of higher complexity
nodes in a broader set of applications.

In addition to conputational conplexity, dynam c nenory for reference
storage is a significant resource constraint for video codecs. It is
desirabl e that the codec support different nenory usage tradeoffs to
fit on nore devices, and that the codec not require inplenentations
to utilize nore nenory wi thout reasonable efficiency gains.

Maxwel | & Wal sh Expires April 18, 2013 [ Page 9]



Internet-Draft Vi deo Codec Requirenents Cct ober 2012

6. Additional considerations

There are additional features or characteristics that may be
desirabl e under sone circunstances, but should not be part of the
strict requirenents. The benefit of neeting these considerations
shoul d be wei ghted agai nst the associ ated cost.
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7. Encoder side potential for inprovenent

In nost video codecs, it is possible to inprove the quality by

i nproving the encoder without breaking conpatibility (i.e. wthout
changi ng the decoder). Potential for inprovenent varies from one

codec to another. Al things being equal, being able to inprove a
codec after the bit-streamis a desirable property. However, this
shoul d not be done at the expense of quality in a straight-forward
encoder.
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8.

Bit error robustness

The vast mgpjority of Internet-based applications do not need to be
robust to bit errors because packets either arrive unaltered, or do
not arrive at all. Considering that, the enphasis should be on
packet | oss robustness and packet | oss conceal nent. That being said,
it is often the case that extra robustness to bit errors can be
achieved at no cost at all (i.e. no increase in size, conplexity or
bit-rate, no decrease in quality or packet |oss robustness, ...). In
those cases then it is useful to nake a change that increases the
robustness to bit errors. This can be useful for applications that
use UDP Lite transmission (e.g. over a wireless LAN). Robustness to
packet |oss should *never* be sacrificed to achieve higher bit error
r obust ness.
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9. Legacy conpatibility

In order to create the best possible codec for the Internet, there is
no general requirenment for conpatibility with | egacy Internet codecs.
However, conpatibility with commonly used video color formats is

desi rabl e.
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10.

Security Considerations

Al t hough this docunment itself does not have security considerations,
this section describes the security requirenments for the codec.

Just like for any protocol to be used over the Internet, security is
a very inportant aspect to consider. This goes beyond the obvious
consi derations of preventing buffer overflows and simlar attacks
that can lead to denial -of-service or renote code execution. One
very inportant security aspect is to nmake sure that the decoders have
a bounded and reasonabl e worst case conplexity. This prevents an
attacker from causing a DoS by sending packets that are specially
crafted to take a very long (or infinite) time to decode.
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11. | ANA Consi derations

Thi s docunment has no actions for | ANA
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