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List of Acronyms
	2-D
	Two-dimensional

	3-D
	Three-dimensional

	AoA
	Azimuth angle of arrival

	AoD
	Azimuth angle of departure

	ASA
	Azimuth spread of arrival

	ASD
	Azimuth spread of departure

	BS
	Base station

	CIR
	Channel impulse response

	DS
	Delay spread

	GBSM
	Geometry-based stochastic channel model

	InH
	Indoor hotspot

	KF
	Rician K-factor

	LOS
	Line of sight

	LSP
	Large-scale parameter

	MIMO
	Multiple-input multiple-output

	NLOS
	Non-line of sight

	O2I
	Outdoor to indoor

	PL
	Pathloss

	RIS
	Reconfigurable intelligent surface

	RMa
	Rural-macrocell

	Rx
	Receiver

	SSP
	Small-scale parameter

	Tx
	Transmitter

	ULA
	Uniform liner array

	UMa
	Urban-macrocell

	UMi
	Urban-microcell

	UPA
	Uniform planar array

	Ut
	User station

	XPR
	Cross polarization ratio

	ZoA
	[bookmark: _Hlk123151980]Zenith angle of arrival

	ZoD
	Zenith angle of departure

	ZSA
	Zenith spread of arrival

	ZSD
	Zenith spread of departure


Glossary
[bookmark: _Hlk122046719]Reconfigurable intelligent surface (RIS)
	Reconfigurable intelligent surface (RIS) is an artificial electromagnetic surface structure with programmable electromagnetic characteristics. By applying control signals to the adjustable elements on the electromagnetic units, the electromagnetic properties of these electromagnetic units can be dynamically controlled, so as to realize the active intelligent regulation of space electromagnetic waves in a programmable way, forming an electromagnetic field with controllable parameters such as amplitude, phase, polarization and frequency.
cluster
	A cluster is composed of a large number of paths with similar power, delay and angle parameters. Usually, the cluster can be mapped to the corresponding scatterer in the channel, and is the main object in the channel simulation.
Large-scale parameter (LSP)
	Large scale parameters refer to a class of parameters generated during channel simulation, including road loss, shadow fading, delay spread, four angle spread and Rician K-factor. These parameters are the statistical results measured by multiple scene channels, and different communication scenarios conform to different statistical characteristics.
Small-scale parameter (SSP)
	Small scale parameter is a kind of parameter describing cluster characteristics, including cluster delay, power, four angles, cross polarization ratio and multi-path phase.
Scenario
	In the RIS-assisted channel simulation, the scenario refers to the channel scenario between the base station and the RIS, between the RIS and the user, and between the base station and the user. The standard defines Urban-microcell, Urban-macrocell, Rural-macrocell, Outdoor to indoor and indoor hotspots five scenrios.
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[bookmark: _Toc123181791]1.Introduction
[bookmark: _Toc123181792]1.1 Overview
IMT-2030-RIS-assisted channel model generator-BUPT (BUPTCMG-IMT2030_RIS) was developed to enable the modeling of Reconfigure Intelligent Surface (RIS)-assisted MIMO radio channels for serval network configurations, including Indoor hotspots (InH), Outdoor to indoor (O2I), Urban macro (UMa) and so on.
The simulation platform currently supports RIS assisted single link channel simulation, the RIS exists in the middle of the link and serves as a relay. After determining the relevant configurations of the User station (Ut) and RIS, the platform will generate the relevant channel parameters and obtain the channel coefficients H of the Bastion station (BS) to Ut link and the RIS-assisted communication link.
[image: ]
Figure 1 System model of RIS-assisted communication
The simulation platform is based on the original IMT-2020 CM_BUPT channel modeling simulation platform, and Reconfigurable intelligent surface technology is introduced. Different from the traditional BS-Ut communication mode, the introduction of RIS brings new communication links (Tx-Rx, Tx-RIS, RIS-Rx). The simulation platform provides a physical modeling method of RIS based on electromagnetics, and introduces it into the channel model. User can define the basic configuration of RIS, including size, location, orientation, codebook and other parameters, to facilitate performance analysis under different configurations.
[bookmark: _Toc123181793]1.2 Installation and System Requirement
BUPTCMG-IMT2030_RIS supports matlab, which is very simple and straightforward to install and use. After the user downloads the compressed package from the website and decompresses it, a matlab app installation program and an initial codebook.mat file can be obtained. Double-click the installation program and a dialog box will pop up asking whether to install it. Click yes to install the program into matlab.
Open matlab, click the right corner label in the APP in the upper menu bar to expand, there will be an APP named BUPTCMG-IMT2030_RIS in my APP, double-click open to enter the main interface of the program.
	Requirement
	Value

	Required MATLAB version
	9.5.0.944444 (R2018b) or later

	Required toolboxes
	none

	Memory (RAM) requirement
	1GB

	Storage
	1 GHz Single Core

	Operating System
	Windows


[bookmark: _Toc123181794]1.3 BUPTCMG-IMT2030_RIS Program Flow and Data Flow
[image: ]
Figure 2 Program flow
[image: ]
Figure 3 Data flow
1. The user needs to configure the network layout, which includes:
· Setting the position of transmitter, RIS and receiver.
· Setting the propagation scenario, InH, UMi, UMa, RMa and O2I are available.
· Setting the central frequency and the bandwidth.
The propagation condition of Tx-RIS and RIS-Rx link are auto generated refer to distance.
2. The user needs to configure the antenna array, which includes:
· Antenna type (omi or direct), antenna gain of Tx and Rx. 
· Antenna array type (ULA/UPA).
3. RIS configuration should be given, which includes:
· RIS size and interval between elements.
· RIS codebook.
· RIS direction.
4. Parameter Table defines the statistical properties of the LSPs. Each scenario corresponds to a parameter table. These parameters refer to the standard ITU-R M.2412.
5. The LSPs of Tx-RIS link and RIS-Rx link should be generated according to the table. LSPs contain DS, ASA, ASD, ZSA, ZSD, K-factor and SF, the correlation between these parameters is also considered.
6. The SSPs of clusters should be generated, which contain delay, AOA, AOD, ZOA, ZOD, power and XPRs.
7. Each cluster is split into 20 sub-paths, and corresponding parameters of path are generated.
8. Some multipath in Tx-RIS link should be deleted to reduce the calculation time of RIS radiation pattern.
9. The radiation pattern of RIS panel is generated according to the path in Tx-RIS link and the RIS configuration. Specific principle reference [6].
10. The channel coefficient of Tx-RIS-Rx channel should be generated. The generation formula will be introduced in Section 2.4.10.
11. The channel coefficients together with delays are formatted and return to the user for further analysis.
[bookmark: _Toc123181795]2.Module Structure
[bookmark: _Toc123181796]2.1 Overview
The data flow of the platform will be described in Section 2.2. The input parameters are described in Section 2.3. Section 2.4 will introduce some important modular functions and corresponding principles.
[bookmark: _Toc123181797]2.2 Structure of module
The RIS-assisted channel model implementation structure is shown in the block diagram given in Figure 1. The core of the platform is to generate channel impulse response of the Tx-RIS-Rx channel. The platform mainly includes 3 modules, Channel parameter module, Radiation pattern module and CIR module. The channel parameter module aims to generate multipath parameters in Tx-RIS, RIS-Rx and Tx-RX channel, which contain pathloss, angle of rays, power of ray, delay and so on. The Radiation pattern module aims to calculate the radiation pattern of RIS in reflection side. The CIR module aims to calculated the channel impulse response of Tx-RIS-Rx channel.
The main module of the RIS-assisted channel module platform can be seen in Figure 1. Input and output arguments are defined in more detail in the following section.
[image: ]
Figure 4 The structure and module of RIS-assisted channel model platform
[bookmark: _Toc123181798]2.3 Description of Input Parameters
Before running the program, the user needs to configure the following input parameters.
2.3.1 Antenna Parameter Input
The input parameters in this section are used to configure the antenna parameters of Bs and Ut. The simulation platform supports MIMO antennas, including Uniform Linear Array(ULA) and Uniform Panel Array(UPA). Specific input parameters and explanations are shown in the table below.
	Argument name
	Type
	Description
	Helper function

	M, N
	UPA
	Number of antenna in X-axis and Y-axis
	

	P
	
	Antenna polarization mode
	

	dH, dV
	
	Antenna spacing in X-axis and Y-axis
	

	downtilt
	
	Antenna tilt in Bs
	

	tx_dx, rx_dx
	ULA
	Antenna spacing of ULA
	

	tx_num, rx_num
	
	Number of antenna
	

	BS_antype, UT_antype
	
	Antenna type (omi/direction)
	

	BS_gain
	
	Antenna gain of BS
	

	Ut_gain
	
	Antenna gain od Ut
	

	vector
	
	Direction vector of antenna
	



2.3.2 Scenario Parameter Input
The input parameters in this section are used to configure the communication scenario of Bs, RIS and Ut. The platform supports the setting of UMi, UMa, RMi, RMa, O2I, InH s communication scenarios. Specific input parameters and explanations are shown in the table below.
	Argument name
	Description
	Helper function

	Sce
	Scenario of the communication
	

	Central_fc
	Carrier frequency of the simulation
	

	BW
	Bandwidth of the simulation(MHz)
	

	T
	Simulation time(s)
	

	Sim_times
	Number of simulations
	

	Utposi
	Position of the user station
	

	O2I_rate
	Probability of indoor to outdoor communication
	



2.3.3 RIS parameter Input
The input parameters in this section are used to configure the RIS. The platform can freely define RIS location, placement direction, number of elements, size, codebook and other parameters, The default operating frequency of RIS is the same as that in the scenario settings. Specific input parameters and explanations are shown in the table below.
	Argument name
	Description
	Remarks

	code
	User defined codebook
	User need to define a codebook matrix with the same size as RIS in advance. 

	size
	Number of elements (X,Y)
	

	dx
	Side length of RIS element
	

	delta_d
	Spacing between RIS elements
	

	posi
	Position of RIS
	

	vector
	Direction vector of RIS
	



Code in RIS parameter should be defined as:

For example, a  RIS random codebook in matlab can be expressed as:
[image: ]
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Figure 5 Structure of RIS codebook
[bookmark: _Toc123181799]2.4 Module Description
2.4.1 Graphical User Interface
Figure 1 shows the graphical user interface of this RIS-assisted channel model platform, users can directly configure the simulation parameters and run the platform. The specific introduction and definition of input parameters will be described in Section 2.4.
[image: ]
Figure 6 GUI of BUPTCMG-IMT2030_RIS
2.4.2 GetLayout/GetLayoutRis/GetLayoutRisRx
The RIS-assisted channel model supports single link simulation currently. Due to the introduction of RIS, one link of the original Tx-Rx becomes Tx-RIS, RIS-Rx and Tx-Rx. The channel parameters of each link need to be generated. After user confirms the communication scenario, GetLayout function calculated all the information of the network layout, to facilitate the subsequent calculation of large-scale parameters(LSP) and small-scale parameters(SSP). More details about GetLayout/GetLayoutRis/GetLayoutRisRx.m can be seen in Table 1.

The full synax for GetLayout/GetLayoutRis/GetLayoutRisRx function is:
layoutpar=GetLayout(Input.Sce,Input.fc,Input.AA,Input.O2I_rate).
layoutpar=GetLayoutRis(Input.Sce,Input.fc,Input.AA,RISinf.RISposi,Input.O2I_rate)
layoutpar=GetLayoutRisRx(Input.Sce,Input.fc,Input.AA,RISinf.RISposi,Input.utposi,Input.O2I_rate)
	Argument name
	Type
	Description
	Helper functions
	Note

	Sce
	Input
	Simulation scenario that users choose
	
	

	fc
	
	Carrier frequency in GHz
	
	The range of frequency is 0.5-100 GHz

	AA
	
	Configuration of antenna array
	
	

	RISposi
	
	Position of the RIS
	
	

	utposi
	
	Position of the receiver
	
	

	Layoutpar
	Output
	Layout information of the corresponding link 
	
	-


Table 1 Description of input and output of GetLayout,m
2.4.3 GetPathLoss
The path loss modelling is based on ITU-R M.2412. The path loss models and their applicability, including frequency ranges, are summarized in Tables A1-2 to A1-5 and the distance definitions are indicated in Figure 1



Figure 7 Definition of d_2d and d_3d for outdoor and indoor Uts
The full syntax for path loss function is:
[Pathloss, SF_sigma]=GetPathloss(layoutpar,option)
The detiled description of parameters is shown in Table 1

	Argument name
	Type
	Description
	Helper functions
	Note

	Layoutpar
	Input
	Define positions of BSs, UTs, their antenna configurations and gives links of interest for simulation
	GetLayout.m
	The function of layout parameters should be defined by user.

	Option
	
	Set it to 1 to calculate all links’ PL, or 0 to only calculate serving links’ PL
	-
	-

	Pathloss
	Output
	Pathloss of all links or serving links
	AuxPLInH.m
AuxPLUMa.m
AuxPLUMi.m
AUxPLRMa.m
And their
subfunctions.
	-

	SF_sigma
	
	Standard Deviation of all links or serving links
	
	SF_sigma is used to calculate shadow fading parameters in Module “GetLSP”. 


Table 1 Description of input and output parameters of GetPathLoss.m

2.4.4 GetScePara
The module GetScePara.m defines the necessary parameters of different propagation scenarios. The supported scenarios are listed in Table 2. Details about scenario definitions can be find in ITU-R M.2412. The scenario-dependent parameters are currently supported at center frequency of 0.5-100GHz. More details about this module can be find in Table 3.

	Scenario
	Model Type
	Link Type
	Frequency
	Note

	InH
	Model A(A1,A2)
Model B
	LOS/NLOS
	0.5-100GHz
	For Model A, parameters for
 are different with that in Model B(Model A1).
For Model A, parameters for 6are the same as that in Model B(Model A2)

	Uma
	
	LOS/NLOS/O2I
	
	

	Umi
	
	LOS/NLOS/O2I
	
	

	RMa
	
	LOS/NLOS/O2I
	
	


Table 2 Supported Scenarios and Models

The full syntax for scenario function is:
Fixpar=GetScePara(layoutpar)

	Argument name
	Type
	Description
	Helper function
	Note

	Layoutpar
	Input
	Define positions of BSs, UTs, their antenna configurations and gives links of interest for simulation
	GetLayout.m
	The function of layout parameters should be defined by user.

	fixpar
	output
	A structure contains parameters of different scenarios
	ConfSceInH.m
ConfSceRMa.m
ConfSceUMa.m
ConfSceUMi.m
	For InH, Umi and Uma, Each subfunction here contains Model A and Model B.


Table 3 Description of input and output parameters of GetScePara.m

2.4.5 GetLSP
In the channel modeling, statistical parameters like shadow fading(SF), delay spread(DS) and angle spread(AS) are called Large Scale Parameters(LSP). Details of each LSP can be found in Table 4. In “GetLSP” module, this LSPs will be calculated taking into account cross correlation according to ITU-R M.2412. The description of input and output parameters is shown in Table 5.

	Parameter name
	Symbol
	Description

	Shadow Fading
	SF[dB]
	The Signal Fading due to large objects obstructing the propagation paths between the BS and UT, Always modeled as a Log-Normal Distribution Random Variable

	Rice factor
	K[dB]
	The Ratio of LOS power to the sum of NLOS power. If the link is NLOS, the value of K is ignored.

	Delay Spread
	DS
	The root-mean-square value of the delay of all rays, weighted proportional to the energy of each.

	Azimuth Angle Spread 
of Arriving
	ASA
	The root-mean-square value of the Azimuth Angle of Arriving(AAOA) in UT, weighted proportional to the energy of each ray.

	Azimuth Angle Spread 
of Departure
	ASD
	The root-mean-square value of the Azimuth Angle of Departure(AAOD) in BS, weighted proportional to the energy of each ray.

	Zenith Angle Spread 
of Arriving
	ZSA
	The root-mean-square value of the Zenith Angle of Arriving(ZAOA) in UT, weighted proportional to the energy of each ray.

	Zenith Angle Spread 
of Departure
	ZSD
	The root-mean-square value of the Zenith Angle of Departure(ZAOD) in BS, weighted proportional to the energy of each ray.


Table 4 Description of LSPs

The full syntax for large scale parameter function is:
Sigmas=GetLSP(layoutpar, fixpar)

	Argument name
	Type
	Description
	Helper function
	Note

	Layoutpar
	input
	Define positions of BSs, UTs, their antenna configurations and gives links of interest for simulation
	GetLayout.m
	The function of layout parameters should be defined by user.

	Fixpar
	
	Parameters of simulation scenarios
	GetScePara.m
	-

	sigmas
	output
	LSPs of the link
	GetCrossCorrelation.m
	Matrix “sigmas” is designed as below:
[ASD,ASA,DS,SF,K,ZSD,ZSA]


Table 5 Description of input and output parameters of GetLSP.m

2.4.6 GetLinkInformation
This module is designed to integrate link Information, including BS/UT layout, Pathloss, Shadow Fading and LSPs. The description of input and output parameters is shown in Table 6.
The full syntax for GetLinkInformation is:
LinkInformation=GetLinkInformation(layoutpar,Pathloss,SF_sigma,sigmas)

	Argument name
	Type
	Description
	Helper function

	Layoutpar
	input
	Define positions of BSs, UTs, their antenna configurations and gives links of interest for simulation
	GetLayout.m

	Pathloss
	
	Pathloss of the link
	GetPathloss.m

	SF_sigma
	
	Standard Deviation of all links or serving links
	GetPathloss.m

	Sigmas
	
	LSPs of the link
	GetLSP.m

	LinkInformation
	output
	A structure of Link Information
	-


Table 6 Description of input and output parameters of GetLinkInformation.m

2.4.7 GetSSP
The Small Scale Parameters(SSP) reflect the main characteristics of multipath and the scatters distribution information of the traditional GBSM in a link, including delay, power and angle information. In addition, SSPs are also the key factors that reflect the characteristics of the entire wireless channel. For example, the delay information determines the channel bandwidth of the entire simulated channel, and the angle information determines the spatial spread information of the entire channel.Details of each SSP can be found in Table 7. The description of input and output parameters is shown in Table 8 and details of calculation can be found in Chapter 7.5, ITU-R M.2412. 

	Parameter name
	Symbol
	Description

	Cluster Delay
	
	Cluster relative delay of n Clusters.

	Cluster Power
	
	Average fading power of n Clusters.

	Cluster Angles
	
	Angles of each center of Cluster, including AAOD, ZAOD, AAOA, ZAOA.
Please check Table(LSP) to get definations.

	Ray Angles
	
	Angles of each ray in all clusters.

	Cross polarization
power ratios
	
	Cross polarization power ratio of each ray. It is valid only for dual polarized antennas, obeyed log-normal distribution.


Table 7 Description of SSPs
The full syntax for GetSSP is:
SSP = GetSSP(Sce, fc,LinkInformation,fixpar,sim)

	Argument name
	Type
	Description
	Helper function

	Sce
	input
	Scenario of simulation
	-

	Fc
	
	Center Frequency
	-

	LinkInformation
	
	A structure of Link Information
	GetLinkInformation.m

	fixpar
	
	Parameters of simulation scenarios
	GetScePar.m

	sim
	
	Times of simulation
	-

	SSP
	output
	A structure of SSP
	AuxiniSSP.m
GetDelay.m
GetPowers.m
GetCluAngle.m
GetRayAngle.m
GetXPR.m
And other subfunctions


Table 8 Description of input and output parameters of GetSSP.m
2.4.8 GetCIR
This function aims to generate channel coefficients for each cluster n and each receiver and transmitter element pair u, s in tx-rx link, and the channel coefficients are given by:
[image: ]
In which  are given by:
[image: ]
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And  are given by:



Considering that is a constant function of the variable t, computers cannot represent constant variable. So the platform samples CIR in the time domain according to Nyquist sampling theorem. The number of sampling points is set by users. During a coherent time, the sampling points of CIR are highly relevant. The number of sampling points during the coherent time is 2. Besides, the coherent time is decided by Doppler shift. The description of input and output parameters is shown in Table 9.

The full syntax for GetCIR is:
H=GetCIR(LinkInformation,layoutpar,fixpar,Sce,fc,AA_Bs,AA_Ut,sim,T,BS_Gain,Ut_Gain, BS_antype,Ut_antype,SSP,BW)

	Argument name
	Type
	Description
	Helper function

	LinkInformation
	Input
	A structure of Link Information
	GetLinkInformation.m

	Layoutpar
	
	Define positions of BSs, UTs, their antenna configurations and gives links of interest for simulation
	GetLayout.m

	Fixpar
	
	Parameters of simulation scenarios
	GetScePara.m

	Sce
	
	Scenario of simulation
	-

	Fc,BW
	
	Center Frequency and BandWidth
	-

	AA_BS, AA_Ut, BS_Gain, Ut_Gain, BS_antype,Ut_antype
	
	Configuration of BS and UT’s Antenna Array.
	-

	T
	
	Simulation Time
	-

	Sim
	
	Times of Simulation
	-

	H
	output
	Matrix of Channel Coefficients
	-


Table 9 Description of input and output parameters of GetCIR.m
2.4.9 risout
This module is designed to calculated the gain of multipath leaving the RIS. The description of input and output parameters is shown in Table 10.
The full syntax for risout is:
[ray_com_h,ray_com_v,tau_com]=risout(RISinf,tx2ris_rayinf,ris2rx_rayinf)
	Argument name
	Type
	Description
	Helper function

	RISinf
	input
	A structure of RIS configuration, contains size, area, codebook, position and direction of RIS.
	

	tx2ris_rayinf
	
	A structure of ray information in Tx-RIS channel.
	

	ris2rx_ryinf
	
	A structure of ray information in RIS-Rx channel.
	

	ray_com_h
	output
	Horizontal polarization component of multipath leaving RIS
	-

	ray_com_v
	
	Vertical polarization component of multipath leaving RIS
	

	tau_com
	
	Delay of multipath corresponding to both channels
	


Table 20 Description of input and output parameters of risout.m
The principle of calculating the gain of multipath leaving the RIS can refer to the following figure:
[image: ]
Figure 8 Principle of calculating the gain of multipath leaving the RIS in risou.m
2.4.10 ray2cir
This module is designed to calculate the channel impulse response of Tx-RIS-Rx link, and the channel coefficients between q transmitter and p receiver are given by:



In which  is given by:



And  is:



is:



 is:


The description of input and output parameters is shown in Table 11.

The full syntax for ray2cir is:
H =ray2cir(tx2ris_rayinf,ris2rx_rayinf,ray_com_v,ray_com_h,initphase,Antenna,tx,rx,fc)

	Argument name
	Type
	Description
	Helper function

	tx2ris_rayinf
	Input
	A structure of ray information in Tx-RIS channel.
	

	ris2rx_ryinf
	
	A structure of ray information in RIS-Rx channel.
	

	ray_com_h
	
	Horizontal polarization component of multipath leaving RIS
	risout.m

	ray_com_v
	
	Vertical polarization component of multipath leaving RIS
	risout.m

	initphase
	
	Initial phase of multipath in different polarization
	

	Antenna
	
	Configuration of BS and UT’s Antenna Array.
	

	fc
	
	Carrier frequency
	

	h
	Output
	CIR of Tx-RIS-RX link
	


Table 11 Description of input and output parameters of ray2cir.m

[bookmark: _Toc123181800]3.Tutorials
[bookmark: _Toc121384008][bookmark: _Toc123181801]3.1 Start the Simulation
To start the simulation, first enter parameters. In this demonstration, both receiving and sending antennas are set as ULA array, and the number of transmitting antennas and receiving antennas is set as 2. For other parameter configurations, refer to the figure 4.

[image: ]
Figure 4 Sample Configuration
Before the simulation, user should define the code of RIS. The codebook needs to be input in the format of “.mat” file. Users need to write the codebook file themselves in advance. We also provided a reflector codebook for reference. Refer to Section 2.3.3 for the specific structure.
Users can also click the Load button on the left to import existing data without manual input. The system supports the import of “Antenna_Config” files, “RISinf” files and “Scenario Config” files. The imported “Antenna_Config” file corresponds to the BS-ULA Configuration and UT-ULA Configuration on the interface. “RISinf” files correspond to RIS Information and the “Scenario Config” file corresponds to the sections BS-UPA Configuration, UT-UPA Configuration, and Scenario Paraments. Click the Load button, select the file that needs to be imported and click OK, and the system will automatically overwrite the data in the file to the interface. If you select other types of files, an error message will be displayed.
[image: ]
After completing the parameter input, click the “Save as.” button to select the path to save the output. In this example, the location is the “Test” folder on the desktop. 
After that, click the "Save Options" button to set the parameters. What can be set here is the parameter that needs to be saved after running a simulation. The first column on the left is the default saving option, and the second and third columns are optional options for the user to save the content. The corresponding Data will be saved in the folder chosen before. In this example, it is the Test folder on the desktop. It should be noted that since the system will generate three links, three files will be saved after some options are selected.

Click Enter to save the “Save options”.
[image: ]
Figure 5 Setting panel
Then click the Run button on the main panel for a simulation run, and a prompt box will pop up to indicate the completion of simulation after the run.
If you go to the selected output folder, you can see that all the data that you run is saved in that folder. The output parameters and detailed description will be described in Section 3.3
[image: ]
Angle Distribution and Antenna Radiation Pattern.


Return to the main panel and click the Analysis button to enter the analysis interface. The patterns that can be drawn here include the channel impulse response, Angle Distribution and Antenna Radiation Pattern.
[image: ]
Select the CIR dot Paint button to draw the channel impulse response diagram.
[image: ]
Select Angle Distribution to plot the Angle distribution at the Rx end.
[image: ]
[image: ]
Selected the Antenna Radiation Pattern to plot the antenna radiation direction.
[image: ]
[bookmark: _Toc123181802]3.2 Description of Output results
	Saving option
	File name
	Description

	CIR
	CIR.mat
	Channel impulse response in RIS-assisted communication link.

	tau
	tau.mat
	Delay of each CIR in RIS-assisted communication link.

	Pathloss
	Pathloss.mat
	Pathloss of three links.

	RISinf
	RISinf.mt
	RIS configuration.

	rayinf
	tx2ris_rayinf.mat
tis2rx_rayinf.mat
tx2rx_rayinf.mat
	Information of every rays in three links.

	Scenario config
	Scenario_config.mat
	Scenario configuration.

	Antenna config
	Antenna.mat
	Antenna configuration.

	layout_par
	layoutpar_tx2ris.mat, 
layoutpar_rix2rx.mat, 
layoutpar_tx2rix.mat
	All the information of the network layout in three links.

	LinkInformation
	LinkInformation_tx2ris.mat, LinkInformation_ris2rx.mat, LinkInformation_tx2rx.mat
	Link information of three links.

	SSP
	Sim_1_tx2ris_data.mat, Sim_1_ris2rRx_data.mat, Sim_1_tx2Rx_data.mat
	Small scale parameters of three links.

	fixpar
	ScenarioParameters.mat
	Parameters of simulation scenarios.

	H
	H_sim1_tx2rx_data.mat
	Channel impulse response of BS-Ut link.

	SF_sigma
	SF_sigma_tx2ris.mat,
SF_sigma_ris2rx.mat,
SF_sigma_tx2rx.mat
	Shadow fading of three links.

	sigmas
	sigmas_tx2ris.mat,
sigmas_ris2rx.mat,
sigmas_tx2rx.mat
	Standard Deviation of all links or serving links
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