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Abstract

Thi s docunent describes two reference video traffic nodels for

eval uati ng RTP congestion control algorithms. The first nodel
statistically characterizes the behavior of a |live video encoder in
response to changing requests on the target video rate. The second
model is trace-driven and emul ates the output of actual encoded vi deo
franme sizes froma high-resolution test sequence. Both nodels are
designed to strike a balance between sinplicity, repeatability, and
authenticity in nodeling the interactions between a |live video
traffic source and the congestion control nodule. Finally, the
docunent describes how both approaches can be conbined into a hybrid
nodel .

Status of This Meno

Thi s docunent is not an Internet Standards Track specification; it is
publ i shed for informational purposes.

Thi s docunent is a product of the Internet Engineering Task Force
(ITETF). It represents the consensus of the IETF community. It has
recei ved public review and has been approved for publication by the
I nternet Engineering Steering Group (IESG. Not all docunents
approved by the | ESG are candi dates for any |evel of Internet

St andard; see Section 2 of RFC 7841.

I nformati on about the current status of this docunent, any errata,

and how to provide feedback on it nmay be obtained at
https://ww.rfc-editor.org/info/rfc8593
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1.

I nt roducti on

When eval uati ng candi date congestion control algorithns designed for
real-tine interactive nedia, it is inportant to account for the
characteristics of traffic patterns generated froma |ive video
encoder. Unlike synthetic traffic sources that can conform perfectly
to the rate-changi ng requests fromthe congestion control nodule, a
live video encoder can be sluggish in reacting to such changes. The
output rate of a live video encoder also typically deviates fromthe
target rate due to uncertainties in the encoder rate-control process.
Consequently, end-to-end delay and | oss performance of a real-tine
medi a flow can be further inpacted by rate variations introduced by
the live encoder.

On the other hand, evaluation results of a candi date RTP congesti on
control algorithmshould nostly reflect the performance of the
congestion control nodul e and sonewhat decouple from peculiarities of
any specific video codec. It is also desirable that evaluation tests
are repeatable and easily duplicated across different candi date

al gorithms.

One way to strike a bal ance between the above considerations is to
eval uate congestion control algorithnms using a synthetic video
traffic source nodel that captures key characteristics of the
behavi or of a live video encoder. The synthetic traffic nodel should
al so contain tunable paranmeters so that it can be flexibly adjusted
to reflect the wide variations in real-world |ive video encoder
behaviors. To this end, this docunment presents two reference nodels.
The first is based on statistical nodeling. The second is driven by
frane size and interval traces recorded froma real -world encoder
Thi s docunent al so di scusses the pros and cons of each approach, as
wel | as how bot h approaches can be conbined into a hybrid nodel

Ter mi nol ogy

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in
BCP 14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capitals, as shown here
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3.

Desi red Behavior of a Synthetic Video Traffic Mde

A live video encoder enpl oys encoder rate control to neet a target
rate by varying its encoding paraneters, such as quantization step
size, frane rate, and picture resolution, based on its estinate of
the video content (e.g., notion and scene conplexity). |In practice,
however, several factors prevent the output video rate fromperfectly
conform ng to the input target rate.

Due to uncertainties in the captured video scene, the output rate
typically deviates fromthe specified target. In the presence of a
significant change in target rate, the encoder’s output frame sizes
sometines fluctuate for a short, transient period of time before the
output rate converges to the newtarget. Finally, while nost of the
franmes in a live session are encoded in predictive node (i.e.
P-franes in [H264]), the encoder can occasionally generate a | arge
intra-coded frane (i.e., I-frane as defined in [H264]) or a frane
partially containing intra-coded bl ocks in an attenpt to recover from
| osses, to re-sync with the receiver, or during the transient period
of responding to target rate or spatial resolution changes.

Hence, a synthetic video source should have the follow ng
capabilities:

0 To change bitrate. This includes the ability to change frame rate
and/ or spatial resolution or to skip franes upon request.

o0 To fluctuate around the target bitrate specified by the congestion
control nodul e.

o To show a delay in convergence to the target bitrate.
0 To generate intra-coded or repair franmes on demand

Wil e there exist many different approaches in devel oping a synthetic
video traffic nodel, it is desirable that the outcone follows a few
conmmon characteristics, as outlined bel ow.

0 Low conputational conplexity: The nodel should be conputationally
i ghtweight, otherwise, it defeats the whol e purpose of serving as
a substitute for a live video encoder.

0 Tenporal pattern simlarity: The individual traffic trace
i nstances generated by the nodel should minmic the temporal pattern
of those froma real video encoder
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0 Statistical resenblance: The synthetic traffic source should match
the outcome of the real video encoder in terns of statistica
characteristics, such as the nean, variance, peak, and
autocorrel ation coefficients of the bitrate. 1t is also inportant
that the statistical resenblance should hold across different tine
scales ranging fromtens of mlliseconds to sub-seconds.

o A wide range of coverage: The nodel should be easily configurable
to cover a wi de range of codec behaviors (e.g., with either fast
or slowreaction tine in live encoder rate control) and video
content variations (e.g., ranging fromhigh to | ow notion).

These di stinct behavior features can be characterized via sinple
statistical nodeling or a trace-driven approach. Sections 5 and 6
provi de an exanpl e of each approach, respectively. Section 7

di scusses how both nodel s can be conbi ned together

4. Interactions between Synthetic Video Traffic Source and O her
Conponents at the Sender

Figure 1 depicts the interactions of the synthetic video traffic
source with other conponents at the sender, such as the application,
the congestion control nodul e, the nmedia packet transport nodul e,
etc. Both reference nodels, as described later in Sections 5 and 6,
follow the sane set of interactions.

The synthetic video source dynamically generates a sequence of dummy
video frames with varying size and interval. These dummy franes are
processed by other nodules in order to transmt the video stream over
the network. During the lifetinme of a video transm ssion session,
the synthetic video source will typically be required to adapt its
encoding bitrate and sometines the spatial resolution and frane rate.

In this nodel, the synthetic video source nodul e has a group of

i ncom ng and outgoing interface calls that allow for interaction with
ot her nodules. The followi ng are sonme of the possible incomng
interface calls, marked as (a) in Figure 1, that the synthetic video
traffic source may accept. The list is not exhaustive and can be
compl enented by other interface calls if necessary.

0 Target bitrate Rv: Target bitrate request nmeasured in bits per
second (bps). Typically, the congestion control nodul e cal cul ates
the target bitrate and updates it dynamically over tine.

Dependi ng on the congestion control algorithmin use, the update
requests can either be periodic (e.g., once per second), or
on-dermand (e.g., only when a drastic bandw dth change over the
network i s observed).
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o Target frame rate FPS: The instantaneous frame rate nmeasured in
franes per second at a given time. This depends on the native
camera-capture frame rate as well as the target/preferred frane
rate configured by the application or user.

0 Target frame resolution XY: The 2-dinmensional vector indicating
the preferred frame resolution in pixels. Several factors govern
the resolution requested to the synthetic video source over tinme.
Exampl es of such factors include the capturing resolution of the
native canera and the display size of the destination screen. The
target frame resolution also depends on the current target bitrate
R v, since it does not nake sense to pair very |low spatia
resolutions with very high bitrates, and vice-versa

o Instant frane skipping: The request to skip the encoding of one or
several captured video franmes, for instance, when a drastic
decrease in avail abl e network bandwi dth is detected.

0 On-demand generation of intra (1) frane: The request to encode
another |I-frame to avoid further error propagation at the receiver
when severe packet | osses are observed. This request typically
cones fromthe error control nmodule. It can be initiated either
by the sender or by the receiver via Full Intra Request (FIR)
messages as defined in [ RFC5104].

An exanpl e of an outgoing interface call, nmarked as (b) in Figure 1
is the rate range [R.mn, Rnmx]. Here, Rmn and R max are neant to
capture the dynamic rate range the actual l|ive video encoder is

capabl e of generating given the input video content. This typically
depends on the video content conplexity and/or display type (e.g.,

hi gher R max for video content with higher notion conplexity or for
di spl ays of higher resolution). Therefore, these values will not
change with R v but may change over tinme if the content is changing.
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Figure 1: Interaction between Synthetic Video Encoder
and O her Mdul es at the Sender

5. A Statistical Reference Mde

Thi s section describes one sinple statistical nodel of the live video
traffic source. Figure 2 summarizes the list of tunable parameters
inthis statistical nodel. A nore conprehensive survey of popul ar
met hods for nodeling the behavior of video traffic sources can be
found in [ Tanwi r2013].
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| Notation | Paraneter Nane | Exanple Value |
[ gy e —_————————————————_————_——————(———— Ll —p—p————r
| RV | Target bitrate request | 1 Mops |
S O . +
| FPS | Target frane rate | 30 Hz |
S IR T T . +
| tau_v | Encoder reaction |atency | 0.2 s |
R o e e e e e e e e e e e e e e o e +
| K.d | Burst duration of the transient | 8 franes |
| | period | |
- e I . +
| K B | Burst frane size during the | 13.5 KB* |
| | transient period | |
R o e e e e e e e e e e e e e e o e +
| tO | Reference frame interval 1/FPS | 33 ns |
S O . +
| BO | Reference frane size R v/8/FPS | 4.17 KB |
S IR T e . +
| | Scaling paranmeter of the zero-mean | |
| | Laplacian distribution describing | |
| SCALE_t | deviations in nornalized frane | 0.15 |
| | interval (t-t0)/tO | |
- T . +
| | Scaling paranmeter of the zero-nmean | |
| | Lapl acian distribution describing | |
| SCALE B | deviations in normalized frane | 0.15 |
| | size (B-B0)/BO | |
S O . +
| Rmn | Mnimumrate supported by video | 150 kbps |
| | encoder type or content activity | |
N o e e e e e e e e e e e e e e e e e o oo o - +
| R_max | Maxi mumrate supported by video | 1.5 Mops |
| | encoder type or content activity | |
[ el s el ey o

* Exanpl e value of K B for a video stream encoded at 720p and
30 franes per second using H. 264/ AVC encoder

Figure 2: List of Tunable Paraneters in a Statistical Video Traffic
Sour ce Model
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5.1. Time-Danped Response to Target-Rate Update

VWil e the congestion control nodul e can update its target bitrate
request Rv at any tinme, the statistical nobdel dictates that the
encoder will only react to such changes tau_v seconds after a
previous rate transition. |In other words, when the encoder has
reacted to a rate-change request at time t, it will sinply ignore all
subsequent rate-change requests until tine t+tau_v.

5.2. Tenporary Burst and Gscillation during the Transi ent Period

The output bitrate R o during the period [t, t+tau_ v] is considered
to be in a transient state when reacting to abrupt changes in target
rate. Based on observations from video encoder output, the encoder
reaction to a new target bitrate request can be characterized by high
variations in output frane sizes. It is assuned in the nodel that
the overall average output bitrate R o during this transient period
mat ches the target bitrate Rv. Consequently, the occasional burst
of large frames is followed by snall er-than-average encoded franes.

This temporary burst is characterized by two parameters
0 burst duration K d: Nunber of frames in the burst event, and

0 burst frame size K B: Size of the initial burst frame, which is
typically significantly |arger than the average frame size at
steady state.

It can be noted that these burst paranmeters can also be used to minic
the insertion of a large on-demand |-frame in the presence of severe
packet |osses. The values of K. d and K B typically depend on the
type of video codec, spatial and tenporal resolution of the encoded
stream as well as the activity level in the video content.

5.3. CQutput-Rate Fluctuation at Steady State

The output bitrate R o during steady state is nodel ed as randomy
fluctuating around the target bitrate Rv. The output traffic can be
characterized as the combination of two random processes that denote
the franme interval t and output frame size B over tinme, which are the
two mmj or sources of variations in the encoder output. For
sinplicity, the deviations of t and B fromtheir respective reference
| evel s are nodel ed as independent and identically distributed (i.i.d)
random vari abl es foll owi ng the Lapl aci an distribution [Papoulis].
More specifically:
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0 Fluctuations in frane interval: The intervals between adjacent
frames have been observed to fluctuate around the reference
interval of t0 = 1/FPS. Deviations in normalized frame interva
DELTAt = (t-t0)/t0 can be nodel ed by a zero-nean Lapl aci an
distribution with scaling paraneter SCALE t. The val ue of SCALE t
dictates the "width" of the Laplacian distribution and therefore
the anount of fluctuation in actual frame intervals (t) with
respect to the reference frane interval tO.

0 Fluctuations in frane size: The output-encoded frane sizes al so
tend to fluctuate around the reference frane size BO=R v/ 8/ FPS
Li kewi se, deviations in the nornalized frane size DELTA B =
(B-B0)/ B0 can be nodel ed by a zero-nean Lapl aci an distribution
with scaling parameter SCALE B. The value of SCALE B dictates the
"wi dt h" of this second Laplacian distribution and correspondi ngly
the anmobunt of fluctuations in output frame sizes (B) with respect
to the reference target BO.

Bot h val ues of SCALE t and SCALE B can be obtai ned via paraneter
fitting fromenpirical data captured for a given video encoder.
Exanpl e values are listed in Figure 2 based on enpirical data
presented in [IETF-Interini.

5.4. Rate Range Limt |nposed by Video Content

The output bitrate Ro is further clipped within the dynam c range
[R.mn, Rnmax], which inreality are dictated by scene and notion
conplexity of the captured video content. In the proposed
statistical nodel, these paraneters are specified by the application

6. A Trace-Driven Model

The second approach for nodeling a video traffic source is trace-
driven. This can be achieved by running an actual |ive video encoder
on a set of chosen raw vi deo sequences and using the encoder’s out put
traces for constructing a synthetic video source. Wth this
approach, the recorded video traces naturally exhibit tenporal
fluctuations around a given target bitrate request Rv fromthe
congestion control nodul e.

The following |ist sumarizes the main steps of this approach
1. Choose one or nore representative raw vi deo sequences.
2. Encode the sequence(s) using an actual live video encoder

Repeat the process for a nunber of bitrates. Keep only the
sequence of frame sizes for each bitrate.
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3. Construct a data structure that contains the output of the
previous step. The data structure should allow for easy bitrate
| ookup.

4. Upon a target bitrate request Rv fromthe controller, ook up
the closest bitrates anmong those previously stored. Use the
franme-size sequences stored for those bitrates to approxi mate the
frane sizes to output.

5. The output of the synthetic video traffic source contains
"encoded" frames with dumry contents but with realistic sizes.

Section 6.1 explains the first three steps (1-3), and Section 6.2
el aborates on the remaining two steps (4-5). Finally, Section 6.3
briefly discusses the possibility to extend the trace-driven node
for supporting tinme-varying frane rate and/or time-varying frane
resol ution.

6.1. Choosing the Video Sequence and Generating the Traces

The first step is a careful choice of a set of video sequences that
are representative of the target use cases for the video traffic
nodel . For the exanple use case of interactive video conferencing,
it is reconmended to choose a sequence with content that resenbles a
"tal king head", e.g., froma news broadcast or recording of an actua
vi deo conferencing call

The I ength of the chosen video sequence is a tradeoff. If it is too
long, it will be difficult to nanage the data structures contai ning
the traces. If it is too short, there will be an obvious periodic
pattern in the output frane sizes, |leading to biased results when
eval uati ng congestion control performance. |t has been enpirically
determned that a sequence 2 to 4 minutes in length sufficiently
avoi ds the periodic pattern.

G ven the chosen raw vi deo sequence, denoted "S", one can use a live
encoder, e.g., sone inplenentation of [H264] or [H265], to produce a
set of encoded sequences. As discussed in Section 3, the output
bitrate of the Iive encoder can be achi eved by tuning three input
paraneters: quantization step size, frame rate, and picture
resolution. In order to sinplify the choice of these paraneters for
a given target rate, one can typically assune a fixed franme rate
(e.g., 30 fps) and a fixed resolution (e.g., 720p) when configuring
the live encoder. See Section 6.3 for a discussion on howto rel ax
t hese assunpti ons.
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Foll owi ng these sinplifications, the chosen encoder can be configured
to start at a constant target bitrate, then vary the quantization
step size (internally via the video encoder rate controller) to neet
various externally specified target rates. It can be further assuned
the first frane is encoded as an |-frame and the rest are P-franes
(see, e.g., [H264] for definitions of I-frames and P-franmes). For
Iive encoding, the encoder rate-control algorithmtypically does not
use knowl edge of franes in the future when encoding a given frane.

G ven the mnimum and maxi num bitrates at which the synthetic codec
is to operate (denoted as "R mn" and "R nax", see Section 4), the
entire range of target bitrates can be divided into n_s steps. This
| eads to an encoding bitrate | adder of (n_s + 1) choices equally
spaced apart by the step length | = (R.max - Rmin)/n_s. The
followi ng sinple algorithmis used to encode the raw vi deo sequence.

r = Rmn

while r <= R max do
Traces[r] = encode_sequence(S, r, e€)
r=r +1

The function encode_sequence takes as input paraneters, respectively,
a raw vi deo sequence (S), a constant target rate (r), and an encoder
rate-control algorithm(e); it returns a vector with the sizes of
franes in the order they were encoded. The output vector is stored
in a map structure called "Traces", whose keys are bitrates and whose
val ues are vectors of frame sizes

The choice of a value for the nunber of bitrate steps n_s is
important, since it determ nes the nunber of vectors of frane sizes
stored in the map Traces. The mininmum val ue one can choose for n_s
is 1; the maxi mum val ue depends on the amobunt of nenory avail able for
hol ding the map Traces. A reasonable value for n_s is one that
results in steps of length | = 200 kbps. Section 6.2.2 will discuss
further the choice of step length |

Finally, note that, as nentioned in previous sections, R nn and

R max may be nodified after the initial sequences are encoded.
Henceforth, for notational clarity, we refer to the bitrate range of
the trace file as [Rf_mn, Rf_nmax]. The algorithmdescribed in
Section 6.2.1 also covers the cases when the current target bitrate
is less than Rf _min or greater than Rf_nmax.
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6.2. Using the Traces in the Synthetic Codec

The main idea behind the trace-driven synthetic codec is that it

m nmcs the rate-adaptation behavior of a real |ive codec upon dynamc
updates of the target bitrate request R v by the congestion contro
module. It does so by switching to a different frane-size vector

stored in the map Traces when needed.
6.2.1. Main A gorithm

The nmain algorithmfor rate adaptation in the synthetic codec
mai ntains two variables: r_current and t_current.

o The variable r_current points to one of the keys of map Traces.
Upon a change in the value of R v, typically because the
congestion controller detects that the network conditions have
changed, r_current is updated based on R v as follows:

Rref =mn (Ri_max, max(Rf_min, RV))

r_current =r

such that
(r in keys(Traces) and
r <= Rref and
(not(exists) r’ in keys(Traces) such that r <r’'<= Rref))

0 The variable t _current is an index to the frane-size vector stored

in Traces[r_current]. It is updated every tine a new frane is
due. It is assunmed that all vectors stored in Traces have the
sane size, denoted as "size_traces". The follow ng equation

governs the update of t_current:

if t_current < SkipFranmes then
t_current =t_current + 1
el se
t _current = ((t_current + 1 - SkipFranes)
% (size_traces-Ski pFranes)) + Ski pFranes

where operator "% denotes nodul o, and SkipFrames is a predefined
constant that denotes the nunber of frames to be skipped at the

begi nning of frame-size vectors after t_current has wapped around.
The point of constant SkipFrames is avoiding the effect of
periodically sending a large |I-frame followed by several smaller-

t han-average P-frames. A typical value of SkipFranes is 20, although
it could be set to O if one is interested in studying the effect of
sending |-franmes periodically.
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The initial value of r_current is set to Rnin, and the initial value
of t current is set to O.

When a new frame is due, its size can be cal culated followi ng one of
the three cases bel ow

a) Rf_mn <= RV < Rf_nmax: The output frame size is calculated via
l'inear interpolation of the frame sizes appearing in
Traces[r_current] and Traces[r_current + 1]. The interpolation is
done as foll ows:

size lo Traces[r_current][t_current]

si ze_hi Traces[r_current + |][t_current]

distance lo = (Rv - r_current) /[ |

franmesi ze = size_hi *distance_|o + size_| o*(1-distance_|0)

b) Rv < Rf_mn: The output franme size is calculated via scaling
with respect to the lowest bitrate Rf_min in the trace file, as
fol |l ows:

w=Rv/ R _mn
franesize = max(fs_mn, factor * Traces[Rf_mn][t_current])

c) Rv >= Rf _max: The output frame size is calculated by scaling
with respect to the highest bitrate Rf _max in the trace file, as
fol |l ows:

w=RvVv / R _max
franesize = min(fs_nmax, w* Traces[Rf_max][t_current])

In cases b) and c), floating-point arithmetic is used for conputing
the scaling factor "w'. The resulting value of the instantaneous
frame size (framesize) is further clipped within a reasonabl e range
between fs _mn (e.g., 10 bytes) and fs_max (e.g., 1 MB).

6.2.2. Notes to the Main Al gorithm

Note that the main algorithm as descri bed above can be further
extended to nmimc sonme additional typical behaviors of a live video
encoder. Two exanpl es are given bel ow

o |-frames on denand: The synthetic codec can be extended to
sinul ate the sending of |I-frames on denand, e.g., as a reaction to
| osses. To inplenent this extension, the codec’s incom ng
interface (see (a) in Figure 1) is augnented with a new function
to request a new |I-frame. Upon calling such function, t_current
is reset to O.
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o0 Variable step length | between R nin and R nax: In the nmain
algorithm the step length | is fixed for ease of explanation
However, if the range [R.min, Rmax] is very wide, it is also
possible to define a set of internediate encoding rates with
variable step length. The rationale behind this nodification is
that the difference between 400 and 600 kbps as target bitrate is
much nore significant than the difference between 4400 kbps and
4600 kbps. For exanple, one could define steps of |ength 200 kbps
under 1 Mops, then steps of |ength 300 kbps between 1 Mps and 2
Mops, then 400 kbps between 2 Mips and 3 Mips, and so on

6.3. Varying Frane Rate and Resol ution

The trace-driven synthetic codec nodel explained in this section is
relatively sinmple due to the choice of fixed frame rate and frame
resolution. The nodel can be extended further to accomvdate
variable frame rate and/or variable spatial resolution

When the encoded picture quality at a given bitrate is | ow, one can
potentially decrease either the frame rate (if the video sequence is
currently in low notion) or the spatial resolution in order to

i mprove quality of experience (QE) in the overall encoded video. On
the other hand, if target bitrate increases to a point where there is
no |l onger a perceptible inprovenent in the picture quality of

i ndi vidual frames, then one mght afford to increase the spatia
resolution or the frame rate (useful if the video is currently in
hi gh notion).

Many techni ques have been proposed to choose over tine the best
conbi nation of encoder-quantization step size, frane rate, and
spatial resolution in order to maxim ze the quality of live video
codecs [ Ozer2011] [Hu2012]. Future work may consi der extending the
trace-driven codec to accomodate variable frame rate and/ or

resol ution.

From the perspective of congestion control, varying the spatial
resolution typically requires a new intra-coded frame to be
generated, thereby incurring a tenmporary burst in the output traffic
pattern. The inpact of frame-rate change tends to be nore subtle:
reducing franme rate fromhigh to | ow | eads to sparsely spaced | arger
encoded packets instead of nany densely spaced snaller packets. Such

difference in traffic profiles may still affect the performance of
congestion control, especially when outgoing packets are not paced by
the media transport nodule. |Investigation of varying frame rate and

resolution are |left for future work.
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7

Conbi ni ng the Two Model s

It is worthwhile noting that the statistical and trace-driven nodels
each have their own advantages and drawbacks. Both nodels are fairly
sinmple to inplement. It takes significantly greater effort to fit
the paraneters of a statistical npbdel to actual encoder output data.
In contrast, it is straightforward for a trace-driven nodel to obtain
encoded frane-size data. Once validated, the statistical nodel is
more flexible in mmcking a wide range of encoder/content behaviors
by sinmply varying the corresponding paraneters in the nodel. In this
regard, a trace-driven nodel relies, by definition, on additiona
data-collection efforts for accomobdati ng new codecs or video
contents.

In general, the trace-driven nodel is nore realistic for m m cking

t he ongoi ng steady-state behavior of a video traffic source with
fluctuations around a constant target rate. In contrast, the
statistical nodel is nore versatile for sinulating the behavior of a
video streamin transient, such as when encountering sudden rate
changes. It is also possible to conbine both methods into a hybrid
model . In this case, the steady-state behavior is driven by traces
during steady state and the transient-state behavior is driven by the
statistical nodel

transient +--------------- +

state | Generate next |

oo > K.d transient |

e + | frames |

Rv | Conpare against | / R +
------ >| previ ous |/
| target bitrate |\

o e e e e e o + \ Fom e e e oo - +

\ | Generate next |

to-o--- > frame from |

st eady | trace |

state +--------------- +

Figure 3: A Hybrid Video Traffic Mde

As shown in Figure 3, the video traffic nodel operates in a transient
state if the requested target rate Rv is substantially different
fromthe previous target; otherwise, it operates in a steady state.
During the transient state, a total of K d frames are generated by
the statistical nodel, resulting in one (1) big burst frame with size
K B followed by K d-1 smaller frames. Wen operating at steady
state, the video traffic nodel sinply generates a franme according to
the trace-driven nodel given the target rate while nodul ating the
frane interval according to the distribution specified by the
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10.

11.

11.

statistical nodel. One exanmple criterion for determnining whether the
traffic nodel should operate in a transient state is whether the rate
change exceeds 10% of the previous target rate. Finally, as this
nodel follows transient-state behavior dictated by the statistica
nodel , upon a substantial rate change, the nodel will follow the

ti me- danpi ng nechani smas defined in Section 5.1, which is governed
by paraneter tau_v.

Ref erence | nmpl enent ati on

The statistical, trace-driven, and hybrid nodels as described in this
docunent have been inplenented as a stand-al one, platformindependent
synthetic traffic source nodule. It can be easily integrated into
network simulation platforms such as [ns-2] and [ns-3], as well as
testbeds using a real network. The stand-alone traffic source nodul e
is avail abl e as an open-source inplenentation at [ Syncodecs].

| ANA Consi der ati ons
Thi s docunent has no | ANA acti ons.
Security Considerations

The synthetic video traffic nodels as described in this docunment do
not inpose any security threats. They are designed to minic
realistic traffic patterns for eval uating candi date RTP-based
congestion control algorithns so as to ensure stable operations of
the network. It is RECOVMMENDED that candidate algorithns be tested
using the video traffic nodels presented in this docunment before w de
depl oynent over the Internet. |f the generated synthetic traffic
flows are sent over the Internet, they also need to be congestion
controll ed.
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