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INTRODUCTION AND CONTRIBUTION

« The recent advances in cellular network technologies allow serving mixed
traffic applications with QoS guarantees. Thanks to it, new applications are
gaining a lot of momentum, like gaming, video streaming, and web browsing.

* These new applications in the cellular domain, require a step forward in the
models to simulate and analyze such traffic sources and their support by the
various wireless technologies.

» In this work, we present an extension to the ns-3 applications module to
simulate mixed traffic types, according to standardized NGMN models. The
NGMN traffic models include FTP, video streaming, web browsing through
HTTP, downlink and uplink gaming, and VolP.

 We have created a generalized API and implemented the specific models for
each of the traffic types except for HTTP which was already present in ns-3.
Implemented NGMN FTP traffic model can be used to further implement
different variants of 3GPP FTP models.

« Along with the implemented traffic generator framework and the specific
models, we also present a simulation example and testing cases for the
developed models.




- NGMN AND 3GPP TRAFFIC MODELS

 3GPP has defined traffic models for FTP and HTTP:

« 3GPP FTP Model 1 and Model 2
« 3GPP HTTP [already available in ns-3-dev]

« NGMN has defined various traffic models to simulate mixed traffic scenarios, in
which a percentage of users is associated to a different traffic type each.

 NGMN FTP [different from 3GPP FTP models]
« NGMN HTTP [same as 3GPP HTPP]
 NGMN video streaming

 NGMN gaming (downlink and uplink models)

« NGMN VolP




- NGMN AND 3GPP TRAFFIC MODELS

| Traffic type || Parameter PDF Statistics
NCMN FTP file size truncated log-normal dist. :rﬁ?;iri:::lga:z; iith-B
reading time exponential dist. mean = 180 s
main object size truncated log-normal dist. z;a;;:l;gif:az ;:;;12 ; 100 B, max = 2 MB
?&;}L?EP embedded object size truncated log-normal dist. z;a;e:;zzi ]i: EE;;;EU B, max = 2 MB

number of embedded objects
per packet

truncated Pareto dist.

mean = 5.64, max = 53

NGMN video streaming

reading time exponential dist. mean = 30 5
parsing time exponential dist. mean = 0.13 s
frame inter-arrival time deterministic 100 ms

number of packets per frame | deterministic 8 packets/frame

packet size

truncated Pareto dist.

mean = 100 B, max = 250 B

packet inter-arrival time

truncated Pareto dist.

mean = 6 ms, max = 12.5 ms

initial packet arrival uniform dist. 0 to 40 ms
. . packet arrival deterministic 40 ms

NGMN uplink gaming packet size Fisher-Tippet dist. mean = 48.3 B
UDP header deterministic 2B
initial packet arrival uniform dist. 0 to 40 ms

NGMN downlink gaming packet a.n'n'al F{Eher-’l’}ppet d+st. mean = 58.5 ms
packet size Fisher-Tippet dist. mean = 1408 B
UDF header deterministic 2B
file size deterministic 2MB

SGPP FIP Model 1 file arrival rate Poisson dist. 0.1Z, 0.25, 0.37, 0.5, 0.625 files/s

3GPP FTP Model 2 file size determml.stlc. 0.5 MB _
reading time exponential dist. mean = 5 5




IMPLEMENTATION IN NS-3

TrafficGeneratorFtpMulti

+MaxFileSize = 5e6 bytes

+PacketSize = 512 byts

+ReadingTimeMean = 180 seconds
+FileSizeMu = 14.45

Mu parameter of lognommal distribution for the file size
generation

+FileS5izeSigma = 0.35
Sigma parameter of lognormal distribution for the file size
generation

+Remote
+Protocol

+PacketBurstSent()
checks if next pucket burst should be sent

+GetPacketBurstsize()
Truncated Lognormal Distribution

+PacketBurstSent()
Generates reading time using Exponential Distribution

+GetPacketSize()

—D +PacketBurstSent()

TrafficGenerator

+ConnectionSucceeded()
+ConnectionFailed()
+CloseSucceeded()
+CloseFailed()
+5SendNextPacket ()
+SendNextPacketIfConnected()

+SendPacketBurst()
+GetPacketsPerPucketBurst()
+GetNextPacketSize()
+GetNextPacketTime ()
+StopApplication()
+StartApplication()
+SetProtocol()
+PacketSent()

[>> ns3::Application <

ThreeGppHttpClient

TrafficGeneratorFtpSingle

ThreeGppHttpServer

+RequestMainObject()
+RequestEmbeddedObject ()

+FileSize
+PacketSize
+Remote
+Protocol

+GetPacketBurstSize()

+ServeNewMainObject()
+ServeNewEmbeddedObject()
+5etMtusize()
+ServeFromTxBuffer()
+SwitchToState()

+ReceiveMainObject()
+ReceiveEmbeddedObject ()
+Receive()
+EnterParsingTime()
+ParseMainObject()

+GetPacketSize()

TrafficGeneratorGaming

+aParamPacketSizelUl = 45 bytes
"a" parameter used for Largest Extreme Value Distribution

TrafficGeneratorVideo

TrafficGeneratorVoip

+MinPacket5ize = 20 bytes
+MaxPacket5ize = 250 bytes
+MinInterPacketIntervalTime = 2.5 ms
+MaxInterPacketIntervalTime = 12.5 ms
+NumberOfPacketsInFrame = B packets
+InterframeIntervalTime = 100 ms
+Remote

+Protocol

+PacketSizeScale = 50

The scale parameter for the Pareto distribution for the packet
size generation

+PacketSizeShape = 1.2
The shape parameter for the Pareto distribution for the packet
size generation

+PacketSizeBound = 250
The bound parameter for the Pareto distribution for the packet
size generation

+PacketTimeScale = 4
The scale parameter for the Pareto distribution for the packet
time generation

+PacketTimeShape = 1.2
The shape parameter for the Pareto distribution for the packet
time generation

+PacketTimeBound = 12.5
The bound parameter for the Pareto distribution for the packet
time generation

+EncoderFramelength = 20 ms
+VoiceActivityFactor = 58 %

The model is assumed to be updated at the speech encoder
frame rate R=1,/T, where T is the

encoder frame duration (typically, 20ms).

+5IDPayload = 15 bytes (5Bytes + header)
Every 160 ms in inactive mode

+5IDPeriodicity = 160 ms
+YoicePayload = 48 bytes
Corresponds to AMR 12.2

+MeanTalkSpurtDuration

Mean talk spurt duration (in speech frames) is given by
1/a. 1/0.01=> 100 frames -> 100 * 20 ms = 2000 ms = 2
seconds

+GetPacketBurstSize()

should not be called, for video traffic cannot be known
a-priori

+GetNextPacketSize()

Truncated Pareto Distribution
+GetNextPacketTime()

Truncated Pareto Distribution
+GetPacketsPerPucketBurst()

Used to determine packet burst size

+PacketBurstSent()
Generates next frame slice time - Deterministic

+5etVoicePayload()
Eg.. 40 bytes for AMR 12.2

+SetProtocolOverhead()
RTF, RLC security

+PacketSent ()
Check if time to change state

+lpdateState()

The model is assumed updated at the speech encoder frame
rate R=1/T,

* where T is the encoder frame duration (typically, 20ms)

+StartApplication()
Calculates the transition probabilities between active and
inactive VOIP states

+GetPacketBurstSize()
Generates infinite VoIP flow

+GetNextPacketSize()
IFINACTIVE period returns SID payload (15 bytes) size,
otherwise it returns VoIP packet size (40 bytes)

(also known as FisherTippett distribution)

+bParamPacketSizeUl = 5.7
"b" parameter used for Largest Extreme Value Distribution
(also known as Fisher-Tippett distribution)

+aParamPacketSizeDl = 120 bytes
"a" parameter used for Largest Extreme Value Distribution
(also known as FisherTippett distribution)

+bParamPacketSizeDl = 36
"b" parameter used for Largest Extreme Value Distribution
(also known as FisherTippett distribution)

+aParamPacketArrivalDl = 55 ms
"a" parameter used for the Largest Extreme Value
Distribution falso known as Fisher-Tippett distribution)

+bParamPacketArrivalDl = 6
"b" parameter used for the Largest Extreme Vaiue
Distribution falso known as Fisher-Tippett distribution)

+InitialPacketArrivalMin = 0 ms
The minimum value used for the initial packet arrival which
is generated according to the Uniform Distribution

+InitialPacketArrivalMax = 40 ms
The maximum value used for the initial packet arrival which
is generated according to the Uniform Distribution

+Remote

T +EnterReadingTime ()
+CancelAl1PendingEvents()
+SwitchToState()

ThreeGppHttpVariables

+SetDirection()
DL or UL

+GetNetPacketSize()
Fisher-Tippett distribution

+GetInitialPacketArrival()
UL: Deterministic, 40ms
DL: FisherTippett distribution

+GetNextPacketTime()
Returns either initial or packet arrival time, if initial
then uniform distribution, otherwise deterministic

To simulate the random timing
relationship between client traffic
packet arrival and downlink/uplink frame
boundary, the starting time of a

network gaming mobile is uniformly
distributed within [@,40 ms].

+RequestSize = 328 bytes

The constant size of HTTP request packet {in bytes)
+Main0ObjectGenerationDelay = @

The constant time needed by HTTP server to generate a main
object as a response.

Hain0ObjectSizeMean = 10710 bytes

The mean of main object sizes (in bytes).
H1ainObjectSizeStdDev = 25032 bytes

The standard dewviation of main object sizes fin bytes).
HlainObject5izeMin = 180 bytes

The minimum value of main object sizes (in bytes).
HlainObjectSizeMax = 2000000 bytes

The maximum value of main object sizes (in bytes)
+EmbeddedObjectGenerationDelay = 0

The constant time needed by HTTP server to generate an
embedded object as a response.
+EmbeddedObjectSizeMean = 7758 bytes

The mean of embedded object sizes (in bytes).
+EmbeddedObject5izeStdDev = 126168 bytes
The standard dewviation of embedded object sizes (in bytes).
+EmbeddedObjectSizeMin = 50 bytes

The minimum value of embedded object sizes (in bytes).
+EmbeddedObjectSizeMax = 2000000 bytes
+NumOfEmbedded0ObjectsMax = 55

The upper bound parameter of Pareto distribution for the

number of embedded objects per web page. The actual maximum

value is this value subtracted by the scale parameter.

+NumOTfEmbedded0ObjectsShape = 1.1

The shape parameter of Pareto distribution for the number of
embedded ohjects per web page.
+NumOfEmbeddedObjectsScale = 2

The scale parameter of Pareto distribution for the number of
embedded objects per web page

+ReadingTimeMean = 30 seconds
+ParsingTimeMean = 130 ms

+LowMtuSize = 536

The lower MTU size.

+HighMtuSize = 1460

+HighMtuProbability = 0.76
The probability that higher MTU size is used.




- IMPLEMENTATION IN NS-3

« All NGMN traffics have been implemented and properly tested: FTP, DL
Gaming, UL Gaming, Video streaming, VolP, HTTP web browsing

e Tests:

* Ns-3 tests: A unit test called traffic-generator-test.cc/h has been created for
testing NGMN traffics.

» Itis composed of various tests cases that check that the generator
works correctly by validating that the probabilistic distributions of
specific variables of each of the implemented traffic generators is
according to the NGMN document.

» CDF tests: We have compared the CDF of values generated by the traffic
generator with respect to the CDF provided by Matlab

« Example: An example has been created to support mixed traffic types: cttc-
traffic-example.cc

« Added traffic configurations to support all NGMN traffic types




RESULTS: TRAFFIC GENERATION PROFILES

» File source: traffic-generator-example.cc
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- RESULTS: VALIDATION
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RESULTS: VALIDATION
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CONCLUSIONS

» In this paper we have presented the implementation of mixed traffic models in
ns-3, as per NGMN specification.

* First, we have reviewed the traffic models.

 Then, we have detailed the developed framework, new API, and the various
traffic models’ implementation details.

« Finally, we have performed exhaustive tests to check the statistical
characterization of each of the various traffics, and we have presented the
simulation example.

* We believe this is a great addition to ns-3, since ns-3-dev was missing
applications for realistic traffic evaluations.

» Also, the developed framework opens the door for the development of more
advanced traffic models, like XR/VR/AR/CG, which will consider mixtures of the
traffic models presented in this paper (e.g., video plus VoIP).
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