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Executive summary 

The target of this deliverable is to report on the OAI emulation platform for both cellular and mesh topologies. It will explain all the components of the platform.

Introduction to OAI emulation platform 

Figure below shows the high level software architecture of the emulated platform itself and the main building blocks.  The user scenarios are described using baseline scenario descriptor and then encoded into xml format and dispatched across OpenAirInterface hardware platform according to some predefined rules. Then, the config generator block translates the high level scenarios into low level configuration files understandable for traffic/mobility generator, UE/eNB protocol stack, phy abstraction and emulation transport medium. The real applications are attached on top of some emulated UE/eNB and the remaining traffic pattern and mobility model will be generated automatically. The behavior of the wireless medium is modeled using a PHY abstraction unit which emulates the error events in the channel decoder and provides emulated measurements from the PHY in real-time. The remainder of the protocol stack for each node instance uses a complete implementation as would a full-RF system. The Log generator is in charge of recording the emulator activities according to the user defined log level, while the packet trace generator captures the frame (potentially extract on-the-fly the relevant field). The result generator produces the user defined test results using the outcome of log generator and packet trace generator.
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1.1 Experiment design 

A sequential experiment workflow, where the output of each step will be the input of the next, is employed to allow an experiment to be reproduced. Five consecutive steps are defined: scenario description, configuration, execution, monitoring, and analysis, where each step is split into several sub-steps as explained in the following subsections (see figure below).

[image: image2.wmf]
This step builds a complete xml layout of an experiment. This step is divided into four sub-steps: (i) system/environment, where system (e.g. bandwidth, frequency, antenna) and environment (e.g. pathloss and channel models) parameters are defined; (ii) network topology, where network area, network topology (i.e. cellular, mesh), nodes' type, initial distribution, moving dynamics (speed, pause-time) and mobility model (e.g. static, random way point, grid) are set; (iii) application, where real application and/or emulated traffic pattern in terms of packet size and inter-departure time are defined; (iv) EMU IO Parameters, where supervised parameters (e.g. emulation time, seed, execution logs, performance metrics) and analysis method (e.g. protocol PDUs and operation) are set.

1.1.1 Configuration

This step defines a sequence of components' initialization based on the scenario description. It includes four sub-steps: (i) network interface, where the OAI IP interface is configured, (ii) traffic and mobility, where traffic pattern and mobility model parameters are set, (iii) protocol stack, where protocols are configured given the network topology and PHY abstraction, where a channel model predicting the modem performance is configure. 

1.1.2 Execution

This step defines the execution environment for the emulator in order to synchronize the emulated nodes and run the experimentation. It includes four execution modes: (i) debug mode, where the emulation is executed in user space without any Linux IP connectivity, (ii) soft real-time mode, where the debug mode is interconnected with the Linux IP protocol stack and calibrated to respect the layer 2 frame timing on average, (iii) hard real-time mode, where the emulation is executed in RTAI kernel with Linux IP protocol stack respecting layer 2 frame timing strictly, and (iv) real-time RF mode, where hard real-time mode is extended with the RF equipment interconnected with an attenuator.

1.1.3 Monitoring

This step defines how the experiment is monitored (passive and/or active). It includes: (i)execution logs, where experiment traces and logs are collected, labeled and archived, (ii) packet traces, where protocol signaling is captured and stored during the experiment.

1.1.4 Analysis

This step processes raw data and produces results and statistics. It includes three non-exclusive analysis objectives: (i)performances evaluation, where the key performance indicators are measured and evaluated, (ii) protocol validation, where the protocol control- and user-plane signaling are validated versus protocol specification, and (iii)system testing, where the system as a whole is analyzed and tested.

1.2 Emulation Kernel

The emulation kernel is based on a discrete frame generator (i.e. emulator scheduler), where the chronological sequence of frame/subframe are generated by the system. It is built around five architectural design choices to increase the scalability and facilitate the emulation of a realistic application scenario: (i) real protocol stack, where protocols are implemented as in a real system (not modelled); (ii) protocol virtualization, where the emulated network nodes although separated share the same operating system instance and Linux IP protocol stack within the same physical machine; (iii) parallel  processing, where virtualized protocol instances and CPU expensive functions are executed in separate threads; (iv) transparent emulated data flow, where emulated data are exchanged either via a direct memory transfer when they are part of the same physical machine or via multicast IP over Ethernet when they are in different machines, (v) end-to-end validation, where real application client/server are attached on the top of some emulated nodes through legacy IPv4/v6 connectivity and the remaining traffic pattern and mobility model will be generated automatically as would be the behaviour of the real application at the client and server sides.

1.2.1 Real Protocol Stack

OAI provides a complete protocol stack for cellular and mesh network topologies applicable to both emulation and real-time RF platforms. At the access layer, it implements the MAC (medium access control), RLC (radio link control), PDCP (packet data convergence protocol), RRC (radio resource control) layers as well as full or abstracted PHY layer. It also provides an IPv4/IPv6 network device interface under Linux. The abstracted PHY is used to enable fast emulation of complex network by predicting the modem performance in terms of BLER (block error rate). It injects error patterns for each transport channel at the receiver of each emulated node based on the wideband SINR, network topology, and propagation model or real channel traces. 

The software implements the standard network socket interface for IP layer and a generic request/indicate interface among other layers making the design highly modular. The generic interface also provides a loopback interface at each (sub-)layer for testing and validation purpose.

1.2.2 Protocol Virtualization

OAI provides virtualization of the network nodes within the same physical machine to increase the scalability of the emulation platform. Protocol virtualization consists of sharing the same operating system instance and Linux IP protocol stack for independent emulated node instances. It allows networks nodes to coexist in the same execution environment. In some cases, the use of OS virtualization tools such as UML may be needed for the development and performance evaluation of sophisticated layer 3 protocols. Note that, protocol virtualization offers the same functional properties (i.e. services) and the same nonfunctional properties (i.e. performances) than that of a real protocol.

1.2.3 Transparent Emulated Data Flow

To increase scalability and allow experimentation of a complex network topology and architecture, two emulated data flows may coexist between emulated nodes. Either nodes communicate via direct memory transfer or via IP multicast (over Ethernet) depending on whether they are part of the same physical machine or not. From the point of view of the protocol stack, the data flow is transparent and that the network connectivity is independent from the node distribution on a physical machine.  

1.2.4 Parallel Processing 

To achieve scalability and exploit the current multi-core hardware architecture, the emulation kernel implements two type of parallelism: CPU and joint CPU-GPU. The CPU parallelism exploits the multi-process/thread capability of CPU by separating the emulated nodes from the CPU-expensive functions such as channel model. This could be extended by separating each emulated node from each other either through threads or processes. The CPU-GPU parallelism is mainly used to offload the CPU-expensive function onto GPU (to increase the scalability) and keep all the emulated nodes in the CPU. 

1.2.5 Flexible End-to-End Validation

Real applications can be attached on the top of emulated nodes via the network interface, which provides Linux IP interconnection with QoS classification on layer 2 resources. Such an application may interact with an external application through an emulated or true core network to provide end-to-end IP connectivity. The remaining traffic pattern and mobility model will be automatically generated as would be the behavior of the real application at the client and server sides.

1.3 Emulation Process 

The process of emulation has three phases, which are performed sequentially as follows:  

1. Input: 

a. Description of application scenario 

b. Initialization and configuration of all the blocks

2. Execution:

a. Protocols: PHY procedures, L2 protocols, traffic generator, and packet tracer

b. Connectivity: PHY abstraction, channel model, and mobility model

c. Emulation data transport: IP multicast, shared memory 

3. Output:

a. Protocol validations and execution logs

b. Performance evaluation metrics

This  processes is also shown in the figure below. 
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1.4 Validation Methodology 

The emulator supports four methods of validation carried out in the operating system context as shown in figure below: (i) protocol analyzer, where the protocol data units (PDU) are captured and dumped on-the-fly in uplink and downlink directions, and then formatted and send to Wireshark, (ii) execution flow monitoring, where the detailed system operation and protocol/layer exchanges are monitored, (iii) message sequence chart analyzer, where protocol interactions and interfaces in time sequence are built and analysed, and (iv) result analyzer, where the statistics generated by log are analysed to compute the KPIs. 
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The protocol analyzer gets the PDU from Openair Packet tracer (OPT), which probes the PDU and transmit the PDUs in appropriate Wireshark format (version >= V 1.4.3). Currently this module only supports the MAC sub-layer, i.e. MAC-PDU flows, but could be extended to support other layers. The  execution flow monitoring, on the other hand, filters the appropriate formatted output file to allow fine grain checking (per component/node/level). Similarly, the message sequence chart (MSC) analyzer parses the appropriate formatted output file and generates protocol transactions across different layers. The result analyzer also parse the log files and calculated the average values of throughput, goodput, delay and jitter for the whole duration of the experiment, and generates a formatted data file for each KPI. The formatted file is then read by Octave (www.octave.org) that enables to draw plots from the data contained in the file using Gnuplot. The available formats are those provided by Gnuplot.

Openair Scenario Descriptor  (OSD)

OSD is composed of four main parts, which is a basic description of the data structure OAI_Emulation. It is part of OAI emulation methodology fordescribing scenarios using the xml format. This allows repeatable and controlled experimentation in the laboratory environment as well as . 

Each reference scenario described by OSD defines a subset of the components described below:

· Environment/system configuration, including fading, antenna, etc.

· Topology configuration, including area, UE/eNB distribution, mobility, etc.

· Application configuration, including predefined traffic, customized traffic, etc.

· Emulation configuration, including emulation time, performance metrics, etc.

Hierarchy of OSD tags

The high level tag hierarchy is shown below: 

<OAI_EMULATION>


<ENVIRONMENT_SYSTEM_CONFIG>


</ENVIRONMENT_SYSTEM_CONFIG>


<TOPOLOGY_CONFIG>



</TOPOLOGY_CONFIG>



<APPLICATION_CONFIG>


</APPLICATION_CONFIG>


<EMULATION_CONFIG>


</EMULATION_CONFIG>

<PROFILE> <!-- just a profile name -->


</PROFILE>

</OAI_EMULATION>

The name of tags in each level are denoted by the name of this component and its unit.

In the following, we show all the possible tags. Note that some combinations are not valid. 

1.5 Environment 

<ENVIRONMENT_SYSTEM_CONFIG>



<FADING>




<LARGE_SCALE> </LARGE_SCALE>




<FREE_SPACE_MODEL_PARAMETERS>





<PATHLOSS_EXPONENT> </PATHLOSS_EXPONENT>




                      <PATHLOSS_0_dB> </PATHLOSS_0_dB>




</FREE_SPACE_MODEL_PARAMETERS>




<SMALL_SCALE> </SMALL_SCALE> 



</FADING>



<WALL_PENETRATION_LOSS_dB> </WALL_PENETRATION_LOSS_dB>



<SYSTEM_BANDWIDTH_MB> </SYSTEM_BANDWIDTH_MB>



<UE_FREQUENCY_GHz> </UE_FREQUENCY_GHz>



<ANTENNA>




<eNB_ANTENNA>





<RX_NOISE_LEVEL_dB> </RX_NOISE_LEVEL_dB>





<NUMBER_OF_SECTORS> </NUMBER_OF_SECTORS>





<BEAM_WIDTH_dB> </BEAM_WIDTH_dB>





<ANTENNA_GAIN_dBi> </ANTENNA_GAIN_dBi>





<TX_POWER_dBm> </TX_POWER_dBm>




</eNB_ANTENNA>




<UE_ANTENNA>





<RX_NOISE_LEVEL_dB> </RX_NOISE_LEVEL_dB>





<ANTENNA_GAIN_dBi> </ANTENNA_GAIN_dBi>





<TX_POWER_dBm> </TX_POWER_dBm>




</UE_ANTENNA>



</ANTENNA>

    
</ENVIRONMENT_SYSTEM_CONFIG>

1.6 Topology 


<TOPOLOGY_CONFIG>




<AREA>






  <X_m> </X_m>



  <Y_m> </Y_m>




</AREA>



<NETWORK_TYPE> </NETWORK_TYPE>



<CELL_TYPE> </CELL_TYPE> 



<RELAY> </RELAY>



<MOBILITY> 




<UE_MOBILITY>





<UE_INITIAL_DISTRIBUTION> </UE_INITIAL_DISTRIBUTION> 





<RANDOM_UE_DISTRIBUTION>






<NUMBER_OF_NODES> </NUMBER_OF_NODES>





</RANDOM_UE_DISTRIBUTION>





<UE_MOBILITY_TYPE> </UE_MOBILITY_TYPE> 





<UE_MOVING_DYNAMICS>






<MIN_SPEED_mps> </MIN_SPEED_mps>






<MAX_SPEED_mps> </MAX_SPEED_mps>






<MIN_SLEEP_ms> </MIN_SLEEP_ms>






<MAX_SLEEP_ms> </MAX_SLEEP_ms>






<MIN_JOURNEY_TIME_ms> </MIN_JOURNEY_TIME_ms>






<MAX_JOURNEY_TIME_ms> </MAX_JOURNEY_TIME_ms>





</UE_MOVING_DYNAMICS>





<SUMO_CONFIG> 





  <SUMO_CMD> </SUMO_CMD>





  <SUMO_CONFIG_FILE> </SUMO_CONFIG_FILE>





  <SUMO_START> </SUMO_START>





  <SUMO_END> </SUMO_END>





  <SUMO_STEP> </SUMO_STEP>





  <SUMO_HOST_IP> </SUMO_HOST_IP>





  <SUMO_HOST_PORT> </SUMO_HOST_PORT>





</SUMO_CONFIG>




</UE_MOBILITY>




<eNB_MOBILITY>





<eNB_INITIAL_DISTRIBUTION> </eNB_INITIAL_DISTRIBUTION> 





<RANDOM_eNB_DISTRIBUTION>






<NUMBER_OF_CELLS> </NUMBER_OF_CELLS>





</RANDOM_eNB_DISTRIBUTION>





<eNB_MOBILITY_TYPE> </eNB_MOBILITY_TYPE> 




</eNB_MOBILITY>



</MOBILITY>



<OMV> </OMV>


</TOPOLOGY_CONFIG>

1.7 Application 


<APPLICATION_CONFIG>



<PREDEFINED_TRAFFIC>




<SOURCE_ID> </SOURCE_ID>









<APPLICATION_TYPE> </APPLICATION_TYPE> 




<DESTINATION_ID> </DESTINATION_ID>



</PREDEFINED_TRAFFIC>



<CUSTOMIZED_TRAFFIC>




<SOURCE_ID> </SOURCE_ID> 




<TRANSPORT_PROTOCOL> </TRANSPORT_PROTOCOL>




<IP_VERSION> </IP_VERSION> 




<DESTINATION_ID> </DESTINATION_ID>

<DESTINATION_PORT> </DESTINATION_PORT>




<IDT_DIST> </IDT_DIST> 




<IDT_MIN_ms> </IDT_MIN_ms>




<IDT_MAX_ms> </IDT_MAX_ms>




<IDT_STANDARD_DEVIATION> </IDT_STANDARD_DEVIATION>




<IDT_LAMBDA> </IDT_LAMBDA>




<SIZE_DIST>gaussian</SIZE_DIST> 




<SIZE_MIN_byte> </SIZE_MIN_byte>




<SIZE_MAX_byte> </SIZE_MAX_byte>




<SIZE_STANDARD_DEVIATION> </SIZE_STANDARD_DEVIATION>




<SIZE_LAMBDA> </SIZE_LAMBDA>

      

       <SIZE_SCALE> </SIZE_SCALE>

      

       <SIZE_SHAPE> </SIZE_SHAPE>




<PU> 





<PROB_OFF_PU> </PROB_OFF_PU> 





<PROB_PU_ED> </PROB_PU_ED> 





<HOLDING_TIME_OFF_PU> </HOLDING_TIME_OFF_PU> 




</PU>




<ED>





<PROB_OFF_ED> </PROB_OFF_ED> 





<PROB_ED_PE> </PROB_ED_PE> 





<HOLDING_TIME_OFF_ED> </HOLDING_TIME_OFF_ED> 




</ED>




<PE>





<HOLDING_TIME_OFF_PE> </HOLDING_TIME_OFF_PE> 




</PE>



</CUSTOMIZED_TRAFFIC>


</APPLICATION_CONFIG>

1.8 Emulation 


<EMULATION_CONFIG>



<EMULATION_TIME_ms> </EMULATION_TIME_ms>



<PERFORMANCE_MATRICS>




<METRICS>





<THROUGHPUT> </THROUGHPUT>





<LATENCY> </LATENCY>





<LOSS_RATE> </LOSS_RATE>




</METRICS>




<LOG>  





<LEVEL> </LEVEL>





<VERBOSITY> </VERBOSITY>





<INTERVAL> </INTERVAL>




</LOG>




<PACKET_TRACE> </PACKET_TRACE>




<SEED_VALUE> </SEED_VALUE>




<CLI_ENABLED>





<CLI_START_ENB> </CLI_START_ENB>





<CLI_START_UE> </CLI_START_UE>




</CLI_ENABLED>



</PERFORMANCE_MATRICS>


</EMULATION_CONFIG>


<PROFILE>EURECOM</PROFILE>


</OAI_EMULATION>

1.9 Example 

This section shows an example of xml file configuration. The original file can be found at openair4G/targets/simu/examples/osd/webxml/template_1.xml

<OAI_EMULATION>

  <EMULATION_CONFIG>

    <EMULATION_TIME_ms>500</EMULATION_TIME_ms>

    <LOG>  <!-- set the global log level -->

      <LEVEL>debug</LEVEL>

    </LOG>

  </EMULATION_CONFIG>

  <PROFILE>EMU-TEST</PROFILE>

</OAI_EMULATION>

1.10 Table of OSD Tags : valid values and unit

	Tag
	Parent tag
	Range / valid value
	unit

	ENVIRONMENT_SYSTEM_CONFIG
	OAI_EMULATION
	
	

	FADING
	ENVIRONMENT_SYSTEM_CONFIG
	
	

	LARGE_SCALE
	FADING
	urban, rural, indoor
	

	FREE_SPACE_MODEL_PARAMETERS
	FADING
	
	

	PATHLOSS_EXPONENT
	FREE_SPACE_MODEL_PARAMETERS
	2-4
	double

	PATHLOSS_0_dB
	FREE_SPACE_MODEL_PARAMETERS
	
	dB

	SMALL_SCALE
	FADING
	SCM_A, SCM_B, SCM_C, SCM_D, EPA, EVA, ETU, Rayleigh8, Rayleigh1, Rayleigh1_corr, Rayleigh1_anticorr, Rice8, Rice1, Rice1_corr, Rice1_anticorr, AWGN
	

	WALL_PENETRATION_LOSS_dB
	ENVIRONMENT_SYSTEM_CONFIG
	
	dB

	SYSTEM_BANDWIDTH_MB
	ENVIRONMENT_SYSTEM_CONFIG
	
	MB

	UE_FREQUENCY_GHz
	ENVIRONMENT_SYSTEM_CONFIG
	
	GHz

	ANTENNA
	ENVIRONMENT_SYSTEM_CONFIG
	
	

	eNB_ANTENNA
	ANTENNA
	
	

	RX_NOISE_LEVEL_dB
	eNB_ANTENNA
	
	dB

	NUMBER_OF_SECTORS
	eNB_ANTENNA
	
	Int

	BEAM_WIDTH_dB
	eNB_ANTENNA
	
	dB

	ANTENNA_GAIN_dBi
	eNB_ANTENNA
	
	dBi

	TX_POWER_dBm
	eNB_ANTENNA
	
	dBm

	UE_ANTENNA
	ANTENNA
	
	

	RX_NOISE_LEVEL_dB
	UE_ANTENNA
	
	dB

	ANTENNA_GAIN_dBi
	UE_ANTENNA
	
	dBi

	TX_POWER_dBm
	UE_ANTENNA
	
	dBm

	
	
	
	

	TOPOLOGY_CONFIG
	OAI_EMULATION
	
	

	AREA
	TOPOLOGY_CONFIG
	
	

	X
	AREA
	
	meter

	Y
	AREA
	
	meter

	NETWORK_TYPE
	TOPOLOGY_CONFIG
	homogeneous, heterogeneous
	

	CELL_TYPE
	TOPOLOGY_CONFIG
	macrocell, microcell, picocell, femtocell
	

	RELAY
	TOPOLOGY_CONFIG
	
	int

	MOBILITY
	TOPOLOGY_CONFIG
	
	

	UE_MOBILITY
	MOBILITY
	
	

	UE_INITIAL_DISTRIBUTION
	UE_MOBILITY
	random, concentrated, grid
	

	RANDOM_UE_DISTRIBUTION
	UE_MOBILITY
	
	

	NUMBER_OF_NODES
	RANDOM_UE_DISTRIBUTION
	
	int

	UE_MOBILITY_TYPE
	UE_MOBILITY
	fixed, random_waypoint, random_walk, grid_walk, trace, sumo
	

	UE_MOVING_DYNAMICS
	UE_MOBILITY
	
	

	MIN_SPEED_mps
	UE_MOVING_DYNAMICS
	
	mps

	MAX_SPEED_mps
	UE_MOVING_DYNAMICS
	
	mps

	MIN_SLEEP_ms
	UE_MOVING_DYNAMICS
	
	ms

	MAX_SLEEP_ms
	UE_MOVING_DYNAMICS
	
	ms

	MIN_JOURNEY_TIME_ms
	UE_MOVING_DYNAMICS
	
	ms

	MAX_JOURNEY_TIME_ms
	UE_MOVING_DYNAMICS
	
	ms

	SUMO_CONFIG
	UE_MOBILITY
	
	

	SUMO_CMD
	SUMO_CONFIG
	
	

	SUMO_CONFIG_FILE
	SUMO_CONFIG
	
	path

	SUMO_START
	SUMO_CONFIG
	
	double

	SUMO_END
	SUMO_CONFIG
	
	double

	SUMO_STEP
	SUMO_CONFIG
	
	IP

	SUMO_HOST_IP
	SUMO_CONFIG
	
	int

	SUMO_HOST_PORT
	SUMO_CONFIG
	
	

	eNB_MOBILITY
	MOBILITY
	
	

	eNB_INITIAL_DISTRIBUTION
	eNB_MOBILITY
	random, hexagonal, grid
	

	RANDOM_eNB_DISTRIBUTION
	eNB_MOBILITY
	
	int

	NUMBER_OF_CELLS
	RANDOM_eNB_DISTRIBUTION
	
	

	eNB_MOBILITY_TYPE
	eNB_MOBILITY
	fixed, mobile
	

	OMV
	TOPOLOGY_CONFIG
	
	binary

	
	
	
	

	APPLICATION_CONFIG
	OAI_EMULATION
	
	

	PREDEFINED_TRAFFIC
	APPLICATION_CONFIG
	scbr, mcbr, bcbr, m2m_AP, m2m_BR, gaming_OA, gaming_TF, full_buffer
	

	SOURCE_ID
	PREDEFINED_TRAFFIC
	single node, e.g. 2; several nodes, e.g. 2,3,5,7; from node A to node B, e.g. 1:100
	

	APPLICATION_TYPE
	PREDEFINED_TRAFFIC
	
	

	DESTINATION_ID
	PREDEFINED_TRAFFIC
	
	int

	CUSTOMIZED_TRAFFIC
	APPLICATION_CONFIG
	
	

	PU
	CUSTOMIZED_TRAFFIC
	
	

	PROB_OFF_PU
	PU
	
	double

	PROB_PU_ED
	PU
	
	double

	HOLDING_TIME_OFF_PU
	PU
	
	double

	ED
	CUSTOMIZED_TRAFFIC
	
	

	PROB_OFF_ED
	ED
	
	double

	PROB_ED_PE
	ED
	
	double

	HOLDING_TIME_OFF_ED
	ED
	
	double

	PE
	CUSTOMIZED_TRAFFIC
	
	

	HOLDING_TIME_OFF_PE
	PE
	
	double

	SOURCE_ID

	CUSTOMIZED_TRAFFIC
	single node, e.g. 2; several nodes, e.g. 2,3,5,7; from node A to node B, e.g. 1:100
	int

	TRANSPORT_PROTOCOL
	CUSTOMIZED_TRAFFIC
	tcp (default), udp
	

	IP_VERSION
	CUSTOMIZED_TRAFFIC
	ipv4 (default), ipv6
	

	DESTINATION_ID
	CUSTOMIZED_TRAFFIC
	
	int

	IDT_DIST
	CUSTOMIZED_TRAFFIC
	no_customized_traffic (default), uniform, poission, gaussian, exponential, fixed, weibull, pareto, gamma, cauchy
	

	IDT_MIN_ms
	CUSTOMIZED_TRAFFIC
	
	ms

	IDT_MAX_ms
	CUSTOMIZED_TRAFFIC
	
	ms

	IDT_STANDARD_DEVIATION
	CUSTOMIZED_TRAFFIC
	
	double

	IDT_LAMBDA
	CUSTOMIZED_TRAFFIC
	
	double

	SIZE_DIST
	CUSTOMIZED_TRAFFIC
	no_customized_traffic (default), uniform, poission, gaussian, exponential, fixed, weibull, pareto, gamma, cauchy
	

	SIZE_MIN_byte
	CUSTOMIZED_TRAFFIC
	
	byte

	SIZE_MAX_byte
	CUSTOMIZED_TRAFFIC
	
	byte

	SIZE_STANDARD_DEVIATION
	CUSTOMIZED_TRAFFIC
	
	double

	SIZE_LAMBDA
	CUSTOMIZED_TRAFFIC
	
	double

	SIZE_SCALE
	CUSTOMIZED_TRAFFIC
	
	double

	SIZE_SHAPE
	CUSTOMIZED_TRAFFIC
	
	double

	DESTINATION_PORT
	CUSTOMIZED_TRAFFIC
	
	int

	
	
	
	

	EMULATION_CONFIG
	OAI_EMULATION
	
	

	EMULATION_TIME_ms
	EMULATION_CONFIG
	
	ms

	PERFORMANCE_MATRICS
	EMULATION_CONFIG
	
	

	METRICS
	PERFORMANCE_MATRICS
	
	

	THROUGHPUT
	METRICS
	
	binary

	LATENCY
	METRICS
	
	binary

	LOSS_RATE
	METRICS
	
	binary

	LEVEL
	PERFORMANCE_MATRICS
	
	

	VERBOSITY
	LEVEL
	
	binary

	INTERVAL
	LEVEL
	
	binary

	PACKET_TRACE
	LEVEL
	
	binary

	SEED_VALUE
	PERFORMANCE_MATRICS
	
	

	CLI_ENABLED
	PERFORMANCE_MATRICS
	
	

	CLI_START_eNB
	CLI_ENABLED
	
	eNB

	CLI_START_UE
	CLI_ENABLED
	
	int

	PROFILE
	EMULATION_CONFIG
	
	


1.11 Openair Config Generator (OCG) 

The major function of OCG is to parse the XML configuration file and configure emulations. When you specify a scenario for emulation with a template, you could start emulation by

./oaisim -c template_xx.xml or ./oaisim -c xx

where xx indicates the number of your template. OCG processes the XML configuration file with the following procedure, as shown in Figure :

· Step 1: Initialize the finite state machine (FSM) from the get option module.

· Step 2:  Checks the command option transferred from OAISIM. If an XML file follows the -f command option, OCG goes directly to parse the filename of this file (step 2a). Otherwise, OCG goes to the detect file module to detect the scenario folder for the XML configuration file (step 2b).

· Step 3b: Once a file is detected in step 2b, OCG goes to parse filename module.

· Step 4: Parse filename module checks if the file's name is compatible with a predefined format, and create directory module if the user name and date are both successfully parsed (step 4y). Otherwise, the XML configuration file will be deleted as a bad file and OCG will generate an error report (step 4n).

· Step 5: Create directory module will create output directories based on the parsed user name and date, and start parsing the XML configuration file (step 5y). If another problem is found while creating directories, OCG will generate an error report (step 5n).

· Step 6: Parse XML module and save XML module will be used to parse the XML configuration file and save it into the created output directories in the above step. During this step, the parse XML module will read the XML configuration file. Finally, the generate report module generates a report after successfully parsing the XML configuration file or an error report if some problem is found during the parsing.

· Step 7: The content of the scenario parsed by the parse XML module will be filled into a local data structure (i.e. OAI_Emulation).
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Figure 1 OCG procedure.

To build a new template, you need name the xml file as template_xx.xml, where xx is the number of your template. Note that you need to use a relatively large number, e.g. 100 to avoid overlapped with our build-in templates. Then, the content of the xml file could include the four main parts we explained above, or just one or multiple of them and let the others configured by default.

For each emulation, we generate an output file to show the status of all the steps, in 

openair4G/targets/simu/examples/osd/results/

A Realistic Packet-level Traffic Generator

After presenting traffic emulations and configuration parameters, we proposed a realistic packet-level traffic generator, called OpenAirInterface traffic generator (OTG). In addition to conventional traffics, it also takes into account the intrinsic traffic characteristics of the emerging applications such as online gaming and M2M. In particular for online gaming, it implements statistical traffic models of the Open Arena, Team Fortress, and Dirt2 applications derived from the real measurements, and for M2M it implements analytical state-full traffic models of Auto-Pilot, Virtual Game, and Sensor-Based Alarm or Event Detection derived from rigorous theoretical models.
 

It is developed in C under Linux allowing the traffic to be generated with soft realtime and hard realtime constraint. The main difference is about the timing: soft realtime operation is designed to respect the timing on average making this mode of operation more suitable for large scale experiment, while realtime operation is designed to respect the timing strictly as would be in a real application. If OTG is attached directly to user-plane protocols, it is capable of reproducing the packet headers as in a real networking protocol stack according to the user-defined configuration. Both transmitter and receiver traffic statistics are generated and analyzed to derive the various measurements on the application-specific key performance indicators (i.e. throughput, goodput, loss-rate, latency, jitter).

1.12 OpenAirInterface Traffic Generator (OTG)

In OTG, the traffic generation is defined by five ordered processes as described below:

· State: handling randomly distributed sojourn time at each state and probabilistic traffic state transitions (e.g. On-Off traffic models). Note that no traffic is generated within the idle/off state and during the state transition.

· Inter-departure time (IDT): determining the time between the transmission of two successive packets.

· Packet size (PS): generating the amount of payload being transferred by the packet.

· Background (BG): generating the traffic of background applications such as file download, email, and syncs/updates, modeled by PS and IDT.

Both IDT and PS processes are modeled as i.i.d. Series of variables following a user defined distribution (e.g. constant, uniform, gaussian, exponential, poisson, weibull, pareto, gamma, cauchy and lognormal). OTG allows to reproduce exactly the same stochastic experiment by choosing the same seed values for IDT and PS random processes. Figure below shows the process of packet generation in OTG.
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In a given traffic state, the decision upon the transition

 to the next state is made when the sojourn time in that

 state expires. During the sojourn time, packet payloads are

 generated according to the application-specified traffic model

 (i.e. IDT and PS distributions). If the traffic aggregation is

 applicable, payloads of multiple nodes are combined together

 to generate a single packet. The background traffic is a parallel

 process that generates packets from/to server in order to

 emulate the cell load.

The following figure shows the high level architecture we adopt in the

 design of OTG. It is composed of five main components as

 follows:

Configuration:  sets up the OTG parameters using user defined xml traffic descriptor or predefined realistic configuration templates.

Transmitter (TX):
 builds packets according to OTG

 packet generation process with additional

 control information used for traffic statistics, and updates

 and log transmitter statistics.

Receiver (RX): captures the packets and updates and log

 receiver statistics.

Log generation (Log Gen): collects and formats OTG

 TX and RX statistics for each traffic flow.

Statistics and KPIs (Stats/KPIs): analyzes and derives

 the measured statistical data sets for both data and background traffics, and computes key performance indicators

 (KPI).
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