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[bookmark: OLE_LINK1]Introduction 
Current 5G-Advance network is designed for data transmission almost, which may not support sensing on many dimensions, e.g., signal, network structure, deployment mode and so on. To support evolution to integrated sensing and communication (ISAC) system, a study item on channel modelling for ISAC for NR is approved in RAN#102 meeting [1]. The objective of the SID is copied below.
	Objective of SI 
The focus of the study is to define channel modelling aspects to support object detection and/or tracking (as per the SA1 meaning in TS 22.137). The study should aim at a common modelling framework capable of detecting and/or tracking the following example objects and to enable them to be distinguished from unintended objects:
· UAVs
· Humans indoors and outdoors 
· Automotive vehicles (at least outdoors)
· Automated guided vehicles (e.g. in indoor factories)
· Objects creating hazards on roads/railways, with a minimum size dependent on frequency
All six sensing modes should be considered (i.e. TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic). 
Frequencies from 0.5 to 52.6 GHz are the primary focus, with the assumption that the modelling approach should scale to 100 GHz. (If significant problems are identified with scaling above 52.6 GHz, the range above 52.6 GHz can be deprioritized.)
For the above use cases, sensing modes and frequencies:
- Identify details of the deployment scenarios corresponding to the above use cases.
- Define channel modelling details for sensing using 38.901 as a starting point, and taking into account relevant measurements, including:
(a) modelling of sensing targets and background environment, including, for example (if needed by the above use cases), radar cross-section (RCS), mobility and clutter/scattering patterns;
(b) spatial consistency.
It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.


In RAN1#116 meeting, a good structure had been agreed for ISAC channel modeling as shown below
	[bookmark: _Hlk160045944]Agreement
The common framework for ISAC channel model is composed of a component of target channel and a component of background channel, 
[image: IMG_256] 
· Target channel [image: IMG_257] includes all [multipath] components impacted by the sensing target(s). 
· FFS details of the target channel 
· Background channel [image: IMG_259] includes other [multipath] components not belonging to target channel
· FFS details of the background channel
· FFS whether/how to model environment object(s), i.e., object(s) with known location, other than sensing target(s)
· FFS whether/how to model propagation path(s) between the target(s) and the environment object(s)
· FFS whether/how to model propagation path(s) between the target(s) and the stochastic clutter(s) 
· Note: the notation HISAC can be revised later if needed


Similar as channel modelling for communication, typical channel modelling generation methods can also include statistical channel modelling and deterministic channel modelling for sensing, i.e. stochastic geometry and hybrid with ray tracing channel modelling respectively in TR 38.901 [2]. 
In this contribution, we provide our views for both stochastic geometry and hybrid with ray tracing channel modelling.
Stochastic channel modeling 
General
[bookmark: OLE_LINK4][bookmark: OLE_LINK7]Based on the agreement made in RAN1#116 meeting, the ISAC channel HISAC can be split into Htarget and Hbackground, i.e. HISAC= Htarget + Hbackground. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For a sensing target, it is straightforward to further split into two sections, i.e. Hsection1 and Hsection2 in the following figures for both mono-static and bi-static sensing modes. In details, pathloss, LOS probability, and some fast fading parameters, e.g. delay spread, angel spread if any can be generated separately with considering spatial consistency. And then, the final channel Htarget can be the cascaded channel of Hsection1 and Hsection2. 
[image: ]
[bookmark: OLE_LINK3]Figure 2.1-1 Channel structure for mono-static sensing modes
[image: ]
Figure 2.1-2 Channel structure for bi-static sensing modes
Proposal 1: For link from Tx to a target, and the link from the target to Rx, pathloss, LOS Probability, and some fast fading parameters can be modeled separately with considering spatial consistency. 

Pathloss and RCS
The path loss formula in TR 38.901 calculates the path loss of the link from a transmit point A to a receive point B. However, in the sensing scenarios, the sensing signal is sent from point A, reflected at the sensed object (point C), and then received at point B. The impact of reflection is not considered in the path loss defined in the current TR38.901.
As well known, the radio wave will reflect on the target object, which will cause large power loss. When calculating large scale loss, it is necessary to consider the impact of this part, i.e., Radar Cross-Section (RCS). 
RCS is affected by many factors, such as incidence angle, reflection angle, material, frequency, etc. as well defined in Radar technique area, RCS can take typical values, as shown in Table 2.2-1 just as examples.  
Table 2.2-1 Typical value of RCS
	Type of target
	
Typical value of RCS（）

	Insect or Bird
	


	Human
	0.5-2

	Small drone
	0.01-0.5

	Car or truck
	100-300












Suppose the distance between transmitter and sensing target is  and distance between sensing target and radar receiver is . According to the radar formula, the received echo power is , and then the whole path loss of radar without considering properties of antennas can be deduced as , in which  is the transmitted power,  and  is transmitter antenna gain and receiver antenna gain, respectively.  is the wave length of carrier wave, and  is RCS of sensing target. Ideal traditional path loss in communication system for one way can be translated by radar formula as . Thus based on radar formula, we suggest the path loss formula considering RCS loss as shown in below.

                    (2.2-1)


Where  and  are based on formulas in Table 7.4.1-1 of TR38.901 which have been justified. 
In the following figures for UAV scenarios, we compared the suggested formula of equation 2.2-1 with the well known Radar formula, i.e. 

                                 (2.2-2)
where d1 is the distance between the transmitter and the target, and d2 is the distance between the target and the receiver. With the formula 2.2-1, RMa parameters described in TR 38.901, and in TR 36.777 [3] RMa-AV are used for simulation. All scenarios are set with LOS only links. It can be found that there is no much difference among formulas for UAV scenarios.
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Figure 2.2-1 Pathloss including RCS comparisons
Proposal 2: For sensing target channel modelling, large scale RCS should be included on top of the large scale pathloss for the link from Tx to the target and the link from the target to Rx. The Pathloss computation can be updated as




Where  and  are the pathloss for the link from Tx to the target and from the target to Rx respectively.

RCS modeling
From our view, large scale RCS modeling on top of large scale pathloss is beneficial to simplify simulation. For example, the large scale SNR including large scale antenna gain, pathloss, shadow and large scale RCS can be used as a metric to determine whether the fast fading of the link of Tx-target-Rx should be modeled or not. If the large scale of the link is extremely low, then modeling of the fast fading can be skipped for simplicity.
However, only large scale RCS modeling may not be sufficient especially for the cases with cross-polarization Tx or Rx antennas, or multi-points modeling for one sensing target. Thus, we propose to model a target RCS as a function in fast fading modeling in addition to large scale RCS modeling.
Proposal 3: RCS for a target can be modeled as RCS (AOD, ZOD, AOA, ZOA) = {RCSHH, RCSHV, RCSVH, RCSVV}, where AOD and ZOD the horizontal and vertical angle from Tx to the target respectively, AOA and ZOA the horizontal and vertical angle from the target to the Rx respectively, RCSHH, RCSHV, RCSVH, and RCSVV are the RCS values for four polarization combinations. 
· The RCS values are normalized to 1

Assuming the rays through a sensing target can be grouped into one cluster for easy modelling, consequently, different rays may have different receive power, angles of incidence/reflection, and even time delay because of non-negligible RCS impact. 
As shown in Figure 2.3-0, for each ray or cluster through a target, the time delay should consider the total distance from Tx to the target, and from the target to Rx, the departure angle should consider the direction from Tx to the target, the arrival angle should consider the direction from the target to the Rx. Also, for Doppler modelling, the movement of Tx, Rx, and the target should be considered. 
[image: ]
Figure 2.3-0 Illustration for the whole channel modelling
In the following subsections, we provide our detailed analysis by experiment and simulation results.

Experiment campaign and measurement configuration
Measurement system includes horn antenna as transmitter, isotropic antenna as receiver, Keysight N5247A VNA, PC controller and others. Measurement system is deployed at multiple sites around one target car to measurement sensing channel of typical car-like targets. 
[image: ]
Fig 2.3.1-1 Measurement system architecture and deployment statement
Table 2.3.1-1 Configuration for measurement system
	Carrier frequency
	4.9GHz

	Bandwidth
	1GHz

	Frequency sample interval
	201

	Transmitter antenna
	3.95-5.85GHz horn antenna, vertical polarization, 
Horizontal 3dB beamwidth: 18°
Vertical 3dB beamwidth: 18°

	Receiver antenna
	3-40 GHz isotropic antenna, vertical polarization, 

	Angle of Tx and Rx
	75.6°

	Gain of transmitter antenna
	20dBi

	Gain of receiver antenna
	3dBi

	Height of transmitter antenna
	1m

	Height of receiver antenna
	1m

	Air temperature
	2℃

	Humidity
	15 %RH

	Pm 2.5
	
41 

	Pm 10
	
57 


When measurement based VNA is carried on, the target car is located on different positions around the transmitter and receiver, which is described as Fig.2.3.1-2.
[image: ]
Fig.2.3.1-2 Reflect point of different measurement sites based VNA system
PDP profiles can be obtained at different measurement sites. Through geometry relationship, the delay information of multi-path component from target car can be deduced, which helps to find multi-path peak of car from PDP profiles containing information related to environment objects and targets. The absolute difference between measured multi-path time delay and theoretical value is smaller than time resolution. We highlight the found multi-path in the measured PDP as follows.
(1) Measurement site 1st
[image: ]
Fig.2.3.1-3 (a) Deployment statement of site 1st  (b) Topological graph of measurement system at site 1st  (c) Measured PDP profile and multi-path peak related to car at site 1st 
(2) Measurement site 2nd	
[image: ]
Fig.2.3.1-4 (a) Deployment statement of site 2nd  (b) Topological graph of measurement system at site 2nd  (c) Measured PDP profile and multi-path peak related to car at site 2nd
(3) Measurement site 3rd	
[image: ]
Fig.2.3.1-5 (a) Deployment statement of site 3rd  (b) Topological graph of measurement system at site 3rd  (c) Measured PDP profile and multi-path peak related to car at site 3rd
(4) Measurement site 4th	
[image: ]
Fig.2.3.1-6 (a) Deployment statement of site 4th  (b) Topological graph of measurement system at site 4th  (c) Measured PDP profile and multi-path peak related to car at site 4th
(5) Measurement site 5th	
[image: ]
Fig.2.3.1-7 (a) Deployment statement of site 5th  (b) Topological graph of measurement system at site 5th  (c) Measured PDP profile and multi-path peak related to car at site 5th
(6) Measurement site 6th	

[image: ]
Fig.2.3.1-8 (a) Deployment statement of site 6th  (b) Topological graph of measurement system at site 6th  (c) Measured PDP profile and multi-path peak related to car at site 6th
Ray-tracing calibration
Reliable electromagnetic parameters are the basis of useful ray-tracing simulation. For some specify sensing targets, which keep unique electromagnetic properties, the assigned parameters by researchers may not be accurate enough to reflect the reality, so it is better to calibrate the EM parameters by the real measurement. The calibration procedures are shown in Figure 2.3.2-1. 
[image: ]
Figure 2.3.2-1 Procedure of calibration for EM parameters



Specifically, the found multi-path component form measured PDP profile can be used for EM parameters calibration. The RCS of sensing targets can be calculated from simulated path power. Suppose that the path index of the sensing echo paths related to one sensing target can be combined into a set . The power of echo wave reflected from the target is denoted by . The measured power of echo wave is represented by , which is recommended to be measured in an electromagnetic anechoic chamber. RCS is calculate based on Radar formula. 










In the radar formula, is RCS of target,  is received power, is transmitted power, is transmitting antenna gain,  is receiving antenna gain,  is wave length of carrier frequency, and  is the distance between target object and transceiver. The loss function is defined by the RMSE of simulation RCS and the measured RCS . 


If the loss function fails to be smaller than a threshold, an iteration of calibration will go on unless the other limitation is triggered such as early stopping. The calibrated EM parameters is as Tab.2.3.2-1.
Table 2.3.2-1 EM parameters after calibrated
	EM parameters 
	Calibrated value

	
Real part of relative permittivity
	1.5

	Conductivity [S/m]
	5e4

	Scattering pattern
	Directive scattering model

	
Scattering coefficient 
	0.85

	
Exponent of model directivity 
	5



The received power results at receiver antenna from measurements and calibrated simulation are listed at Table 2.3.2-2.

Table 2.3.2-2. Received power results from measurements and simulation
	Site
	Measured received power (dBm)
	Simulated power (dBm)
	Error (dB)

	Site 1st
	-55.92
	-56.66
	-0.7

	Site 2nd
	-56.48
	-55.07
	1.41

	Site 3rd
	-53.19
	-53.72
	      -0.5

	Site 4th
	- 56.86
	-58.04
	-1.2

	Site 5th
	-51.54
	-49.09
	-2.5

	Site 6th
	-44.32
	-46.61
	-2.3



The simulation visualization figures and calibration results are as follows. It can be observed that the simulation results based on the calibrated EM parameters are well matched the real measurements at the receiver path reflected from each sensing target point. 
(1) Measurement site 1st 
[image: ][image: ]
Fig 2.3.2-2 simulation visualization figures and calibration results at site 1st
(2) Measurement site 2nd 
[image: ][image: ]
Fig 2.3.2-3 simulation visualization figures and calibration results at site 2nd 
(3) Measurement site 3rd 
[image: ][image: ]
Fig 2.3.2-4 simulation visualization figures and calibration results at site 3rd  
(4) Measurement site 4th  
[image: ][image: ]
Fig 2.3.2-5 simulation visualization figures and calibration results at site 4th   
(5) Measurement site 5th  
[image: ][image: ]
Fig 2.3.2-6 simulation visualization figures and calibration results at site 5th 
(6) Measurement site 6th  
[image: ][image: ]
Fig 2.3.2-7 simulation visualization figures and calibration results at site 6th 
RCS simulation results
The 3D car model with calibrated EM parameters is believed to reflect real EM properties. The simulation is carried on at 4.9GHz as center frequency as elaborated in section 2.3.2. We place this car mode at origin of coordinates and deploy a mono-static sensing transceiver around the car to simulate the RCS properties. The RCS value is computed by aggregating power of all rays reflected, diffracted and scattered from the target car without pathloss. Two methods to compute pathloss of ray is used. The first one is to suppose that all reflected points are located the geometry center of the target car, and second one uses the computed positions of reflected points to infer pathloss for each ray. 
· The first method with a same length (delay or distance) of all rays, it supposes one cluster with all same time delay corresponding to one sensing target. The pathloss computation is the same for all rays.
[image: ]
Fig 2.3.3-1 Method 1 with a same length (delay or distance) of all rays
· The second method with different simulated lengths (delays or distance) of rays, it supposes multiple rays with different time delays corresponding to one sensing target. The pathloss computations are separate for different rays.
[image: ]
Fig 2.3.3-2 Method 2 with different simulated lengths (delays or distance) of rays
The object size of common sensing target like car is much larger than wave length of carrier frequency and RCS calculations can be done at optical area. Thus method of ray-tracing can be used to compute the RCS features of car. In theory, the parameters related to RCS only include calculations pairs of transmitter and receiver, angle of arrival and departure, and wavelength of carrier frequency. For mono-static sensing mode, the angle of arrival and departure are same. We research on the simulated RCS pattern around a target car at different ranges mainly for 4.9GHz. 
Campaign/emulation for Vehicle
Method 1 with the same delay of all rays

The RCS patterns around car based on mono-static sensing mode are simulated at distance of m. The detailed RCS patterns are shown as following.
· Tx: horizontal polarization; Rx: horizontal polarization
[image: RCS_with_H-H]
Fig.2.3.3.1.1-1 RCS pattern with H-H polarization and method 1
· Tx: horizontal polarization; Rx: vertical polarization
[image: RCS_with_H-V]
Fig.2.3.3.1.1-2 RCS pattern with H-V polarization and method 1
· Tx: vertical polarization; Rx: horizontal polarization
[image: RCS_with_V-H]
Fig.2.3.3.1.1-3 RCS pattern with V-H polarization and method 1
· Tx: vertical polarization; Rx: vertical polarization
[image: RCS_with_V-V]
Fig.2.3.3.1.1-4 RCS pattern with V-V polarization and method 1
Mean value of RCS simulation around the car based on method 1 with the same delay of all rays is shown in Table 2.3.3.1.1-1. It can be observed that the RCS patterns are stable only if the car is far away from the Tx/Rx. On the other hand, if the sensing target is closed to Tx/Rx, e.g. 5m in the table, the pathloss for multiple rays are actually different. That is because the real propagation delay for those rays are not the same. Hence, the incorrect pathloss may be used when RCS value is extracted from the total receive power. Hence, this method may not be accurate when the sensing target size is large and it is closed to the Tx or Rx. 
Table 2.3.3.1.1-1 Mean value of RCS with method 1
	Distance [m]
	H-H [dBsm]
	H-V [dBsm]
	V-H [dBsm]
	V-V [dBsm]

	5
	13.46
	-10.84
	-10.73
	13.23

	15
	4.79
	-17.15
	-16.93
	5.25

	25
	4.13
	-17.93
	-18.29
	4.00

	35
	3.52
	-17.97
	-17.75
	3.47

	50
	2.71
	-18.75
	-18.49
	2.84

	80
	2.90
	-18.64
	-18.04
	3.26

	110
	2.45
	-19.20
	-18.82
	2.61

	140
	2.85
	-19.01
	-18.89
	2.79

	170
	2.85
	-19.14
	-18.64
	2.77

	200
	2.58
	-19.38
	-19.22
	2.75


[bookmark: OLE_LINK8]Observation 1: Assuming all received rays of the sensing target have the same propagation delay for pathloss computation, the RCS patterns are stable only if the sensing target is far away enough from Tx/Rx. 

Method 2 with different delays of all rays
· Tx: horizontal polarization; Rx: horizontal polarization
[image: RCS_with_H-H]
Fig.2.3.3.1.2-1 RCS pattern with H-H polarization and method 2
· Tx: horizontal polarization; Rx: vertical polarization
[image: RCS_with_H-V]
Fig.2.3.3.1.2-2 RCS pattern with H-V polarization and method 2
· Tx: vertical polarization; Rx: horizontal polarization
[image: RCS_with_V-H]
Fig.2.3.3.1.2-3 RCS pattern with V-H polarization and method 2
· Tx: vertical polarization; Rx: vertical polarization
[image: RCS_with_V-V]
Fig.2.3.3.1.2-4 RCS pattern with V-V polarization and method 2
Mean value of RCS simulation around car with method 2 with different propagation delays of all rays is shown in Table 2.3.3.1.2-1. It can be observed that the RCS patterns are stable based on this method. That is because the pathloss is separately computed for each ray based on different propagation delays when RCS value is extracted from the total receive power. 
Table 2.3.3.1.2-1 Mean value of RCS with method 2
	Distance
	H-H [dBsm]
	H-V [dBsm]
	V-H [dBsm]
	V-V [dBsm]
	Minimum number of scatter cluster

	5
	1.59
	-20.62
	-20.34
	1.28
	14

	15
	1.95
	-19.23
	-19.23
	2.37
	7

	25
	2.53
	-19.13
	-19.44
	2.53
	3

	35
	2.44
	-18.85
	-18.62
	2.35
	3

	50
	1.91
	-19.34
	-19.04
	2.09
	3

	80
	2.44
	-18.95
	-18.39
	2.78
	4

	110
	2.13
	-19.43
	-19.08
	2.31
	1

	140
	2.59
	-19.18
	-19.08
	2.51
	1

	170
	2.69
	-19.30
	-18.79
	2.57
	1

	200
	2.40
	-19.50
	-19.35
	2.58
	1


Observation 2: Assuming received rays of the sensing target have separate propagation delays for pathloss computation, the RCS patterns are stable and accurate. 

Proposed RCS model for Vehicle
The above simulated result shows that RCS pattern of method 2 is robust with the change of distance, which is consistent with theory. Therefore, the RCS model is proposed based simulation results of method 2. In the carrier frequency of 4.9GHz, RCS pattern can be divided into two parts. The first part describes the smooth RCS pattern, showing the RCS features related to shape of sensing target and AOA/ZOA of sensing device, which can be modeled as a polynomial function. The second part describes the phenomena of glint in RCS pattern. In the following, we present our analysis and proposed procedure of RCS modeling method.
RCS patterns for modeling are obtained by mean of multiple simulation results from different ranges to overcome the randomness of Fibonacci method used in Ray-tracing simulation. 
(1) Smooth and extraction of difference
First Gaussian smooth with smooth window size equal to 30 degree is used to smooth RCS pattern. The difference between smooth results and simulation can be extracted as following figures.
· H-Ｈpolarization 
[image: ][image: ]
Fig 2.3.3.1.3-1 RCS pattern of H-H polarization between smooth and simulation
· H-V polarization 
[image: ][image: ]
Fig 2.3.3.1.3-2 RCS pattern of H-V polarization between smooth and simulation
· V-H polarization 
[image: ][image: ]
Fig 2.3.3.1.3-3 RCS pattern of V-H polarization between smooth and simulation
· V-V polarization 
[image: ][image: ]
Fig 2.3.3.1.3-4 RCS pattern of V-V polarization and difference between smooth and simulation
(2) Polynomial function fit for smooth RCS pattern

The smooth RCS result is fitted by polynomial function with  order, which means the smooth RCS pattern can be given by


The simulation results show that 15-order polynomial function is enough for fitting smooth RCS pattern with high accuracy. The fitted values of coefficients of polynomial function are shown as follows.
Table 2.3.3.1.3-1 Fitted values of coefficients of polynomial function
	polynomial coefficients 
	H-H
	H-V
	V-H
	V-V

	P1
	-8.8775851e-05
	8.3453813e-07
	2.4290533e-05
	-0.00010192842

	P2
	-0.00073134218
	-8.4560786e-05
	-0.00016350701
	-0.00061064231

	P3
	0.0036209326
	-8.5990469e-05
	-0.00074011099
	0.0039915149

	P4
	0.028506795
	0.0031722579
	0.0059394198
	0.024206014

	P5
	-0.058573510
	0.0027803353
	0.0085431552
	-0.061962370

	P6
	-0.44756067
	-0.051145721
	-0.088785969
	-0.38771713

	P7
	0.47259703
	-0.042089831
	-0.048101202
	0.47861198

	P8
	3.5937827
	0.44753644
	0.69585389
	3.1851325

	P9
	-1.9503484
	0.33492675
	0.16485447
	-1.8749118

	P10
	-15.417699
	-2.1951327
	-3.0017536
	-14.015676

	P11
	3.7186933
	-1.4097809
	-0.53658319
	3.2890379

	P12
	33.588226
	5.7561269
	6.8847833
	31.426098

	P13
	-2.4133236
	2.9250352
	1.4654335
	-1.6541442

	P14
	-31.688887
	-7.0870247
	-7.3861876
	-30.701626

	P15
	0.56293821
	-2.6812551
	-1.8274405
	0.11976473

	P16
	9.1771479
	-17.060629
	-17.122667
	9.3056517



The fitted curves of smooth results are shown as follows 
· H-H polarization 
[image: ]
Fig 2.3.3.1.3-5 Fitted RCS pattern of H-H
· H-V polarization 
[image: ]
Fig 2.3.3.1.3-6 Fitted RCS pattern of H-V
· V-H polarization 
[image: ]
Fig 2.3.3.1.3-7 Fitted RCS pattern of V-H
· V-V polarization 
[image: ]
Fig 2.3.3.1.3-8 Fitted RCS pattern of V-V
(3) [bookmark: OLE_LINK9]Random distribution of extracted difference RCS due to glint
The correlation of difference value of RCS from different AOA is researched firstly. The auto-correlation function figures of extracted difference are shown as follows.
[image: ][image: ]
[image: ][image: ]
Fig 2.3.3.1.3-9 Auto-covariance of difference RCS pattern
It can be seen that for the auto-covariance patterns all has high value on AOA equals to zero, and much small values on other AOA values, which is typical features of white noise. Therefore, Gaussian distribution without any spatial correlation is used to model the difference RCS pattern due to glint. The fitted parameters of Gaussian distribution are shown as follows.
Table 2.3.3.1.3-2 Fitted values of Gaussian distribution for difference RCS pattern
	Polarization pair (Tx-Rx)
	Parameters of Gaussian distribution
	Value [rad]
	95% confidence intervals [rad]

	H-H
	

	0.0149693
	[-0.195616, 0.225554]

	
	

	2.03172
	[1.89336, 2.19207]

	H-V
	

	-0.00985041
	[-0.211299, 0.191598]

	
	

	1.9535
	[1.81121, 2.09696]

	V-H
	

	-0.00808736
	[-0.217101, 0.200927]

	
	

	2.01656
	[1.87924, 2.17571]

	V-V
	

	0.0128616
	[-0.188467, 0.214191]

	
	

	1.94242
	[1.81014, 2.09571]



Given the distribution of difference RCS pattern, the difference RCS can be generated by sampling from given Gaussian distribution without AOA.


Due to the fact that the most structure of vehicle is made by metal, which is good conductor of electromagnetic wave, thus the EM parameters of material of vehicle keep unchanged at different frequency band. Thus the RCS pattern for vehicle is stable for different carrier frequency. All fitted parameters for H-H RCS pattern of vehicle are shown as Tab.2.3.3.1.3-3.

Tab.2.3.3.1.3-3 Fitted parameters for H-H RCS pattern at different frequency
	H-H coefficients 
	4.9GHz
	10GHz
	20GHz
	30GHz

	P1
	-8.8775851e-05
	-8.94485031721177e-05
	-8.90700401937633e-05
	-8.86603486810073e-05

	P2
	-0.00073134218
	-0.000734875801415724
	-0.00072894684080833
	-0.000725382371436166

	P3
	0.0036209326
	0.00364858675824956
	0.00360640893274578
	0.00362450633367203

	P4
	0.028506795
	0.0282558986677122
	0.0285970199678105
	0.0286141206114920

	P5
	-0.058573510
	-0.0588091892328151
	-0.0591097148043877
	-0.0582741889377369

	P6
	-0.44756067
	-0.444716844937393
	-0.448214475003281
	-0.443411360790126

	P7
	0.47259703
	0.473671297282023
	0.476444536532564
	0.472030883022335

	P8
	3.5937827
	3.57605087549695
	3.55865927142506
	3.61457027613744

	P9
	-1.9503484
	-1.93386000534087
	-1.96464273732407
	-1.96570691400248

	P10
	-15.417699
	-15.3153803920921
	-15.4021320321714
	-15.4322568703845

	P11
	3.7186933
	3.71394609350311
	3.71939005972040
	3.74898347619191

	P12
	33.588226
	33.3051360072933
	33.3324593233277
	33.8624246195716

	P13
	-2.4133236
	-2.40133374579279
	-2.39427070908508
	-2.40957766999077

	P14
	-31.688887
	-31.3743702042963
	-31.9294909554636
	-31.3995198314331

	P15
	0.56293821
	0.559370284238603
	0.561654756102145
	0.560772602841552

	P16
	9.1771479
	9.17387770704946
	9.24904091964517
	9.17139285484102

	

	0.0149693
	0.0150859461531227
	0.0150671117991699
	0.0148310598531256

	

	2.03172
	2.04917819901952
	2.01868542635552
	2.02322854076154



Therefore, the proposed RCS consists two pars, part one is modeled by polynomial function and the part two is modeled by Gaussian distribution. Two part added together are final RCS value for fast fading modeling.








[bookmark: OLE_LINK10]Proposal 4: For car, the fast fading RCS model for mono-static sensing mode can consist two parts, the first smooth part is modeled by polynomial function deterministically, which describing the effect of shape of sensing target and AOA. The second part is modeled by Gaussian distribution randomly, which is used to model the effect glint. For RCS model of car and other objects made by metal almost, the RCS model do not change with frequency.

Campaign/emulation for UAV
For sensing, RCS may affect the generation of clusters, i.e. small-scale fading channel generation because of diverse characteristic of all kinds of sensing objects. It is necessary to study the scattering characteristics of typical targets separately, e.g. pedestrians, vehicles, UAVs. 
To verify the RCS impact on the small scale fading for UAV, a real measurement is performed on the center frequency with 23.5GHz and the bandwidth with 5GHz, where different fuselage states of leveling and tilting are considered. Besides, different propeller states of vertical and parallel to the aircraft axis are also considered. 
In Figure 2.3.3.2-1 and 2.3.3.2-2, the angles between Tx and Rx is 10° and 45° respectively to emulate different UAV locations. As shown in the measurement results, the radar cross section varies with different Tx/Rx directions, UAV fuselage states, and propeller states. 
[image: ]
Figure 2.3.3.2-1 The radar cross section varies when the angle between Tx and Rx is 10°
[image: ]
Figure 2.3.3.2-2 The radar cross section varies when the angle between Tx and Rx is 45°
Ray-tracing result of UAV
Similar RCS analysis is done for UAV with method 2 in section 2.3.3.1.2. Simulation results are shown as following. The Ray-tracing simulation for UAV is done at distance equal to {5,11,21,31}m. In the farther area, the accuracy of RT simulation is dropped a bit because the number of rays is limited in the simulation considering of RT complexity. 

· Tx: horizontal polarization; Rx: horizontal polarization
[image: RCS_with_H-H]
Fig.2.3.3.2.1-1 RCS pattern with H-H polarization
· Tx: horizontal polarization; Rx: vertical polarization
[image: RCS_with_H-V]
Fig.2.3.3.2.1-2 RCS pattern with H-V polarization
· Tx: vertical polarization; Rx: horizontal polarization
[image: RCS_with_V-H]
Fig.2.3.3.2.1-3 RCS pattern with V-H polarization
· Tx: vertical polarization; Rx: vertical polarization
[image: RCS_with_V-V]
Fig.2.3.3.2.1-4 RCS pattern with V-V polarization
Mean value of RCS simulation around car with method 2 with different simulated lengths of all rays is shown as Tab 2.3.3.2.1-1
Tab 2.3.3.2.1-1 Mean value of RCS 
	Distance
	H-H [dBsm]
	H-V [dBsm]
	V-H [dBsm]
	V-V [dBsm]
	Minimum number of scatter cluster

	5
	 -6.66
	-25.72
	-25.56
	-6.82
	3

	11
	-14.34
	-35.24
	-35.07
	-14.27
	2

	21
	-15.39
	-37.20
	-37.22
	-15.36
	1

	31
	-16.36
	-39.84
	-40.08
	-16.07
	1



Proposed RCS model for UAV
Similar analysis is done for UAV ray-tracing simulation.
(1) Smooth and extraction of difference
First Gaussian smooth with smooth window size equal to 30 degree is used to smooth RCS pattern. The difference between smooth results and simulation can be extracted as following figures.
· H-Ｈpolarization 
[image: ][image: ]
Fig 2.3.3.2.2-1 RCS pattern of H-H polarization between smooth and simulation
· H-V polarization 
[image: ][image: ]
Fig 2.3.3.2.2-2 RCS pattern of H-V polarization between smooth and simulation
· V-H polarization 
[image: ][image: ]
Fig 2.3.3.2.2-3 RCS pattern of V-H polarization between smooth and simulation
· V-V polarization 
[image: ][image: ]
Fig 2.3.3.2.2-4 RCS pattern of V-V polarization between smooth and simulation
(2) Function fit for smooth RCS pattern

The smooth RCS result is fitted by polynomial function with  order, which means the smooth RCS pattern of UAV can be given by


The fitted values of coefficients of polynomial function are shown as follows.
Tab.2.3.3.2.2-1 Fitted values of coefficients of polynomial function
	polynomial coefficients 
	H-H
	H-V
	V-H
	V-V

	P1
	-6.5136501e-06
	-1.7726890e-06
	1.9705960e-06
	-5.3403642e-06

	P2
	-1.2705705e-05
	-1.4208008e-05
	-1.2772442e-05
	-1.2870773e-05

	P3
	0.00032752400
	7.1829956e-05
	-0.00011046689
	0.00027295618

	P4
	0.00062660692
	0.00065548916
	0.00062278059
	0.00065159600

	P5
	-0.0070127216
	-0.0011116383
	0.0026503131
	-0.0059427577

	P6
	-0.013210065
	-0.012713866
	-0.012919715
	-0.014167612

	P7
	0.083195418
	0.0073167305
	-0.035473276
	0.071685553

	P8
	0.15533885
	0.13485478
	0.14883278
	0.17269781

	P9
	-0.59518600
	-0.0028878439
	0.28923973
	-0.52110881

	P10
	-1.1149182
	-0.85432428
	-1.0436156
	-1.2913644

	P11
	2.6113815
	-0.25007623
	-1.4711992
	2.3194370

	P12
	5.0250463
	3.3368952
	4.6036286
	6.0879030

	P13
	-6.7919984
	1.5312788
	4.5807452
	-6.0995784

	P14
	-14.118907
	-8.1385889
	-12.806344
	-17.906380

	P15
	9.4011269
	-3.9451172
	-8.1225004
	8.4695997

	P16
	23.761890
	12.643052
	21.989157
	31.370958

	P17
	-4.9736242
	4.2866516
	6.5833368
	-4.3211889

	P18
	-21.807919
	-12.706750
	-21.998114
	-29.592070

	P19
	-0.70913798
	-0.68337935
	0.15131205
	-1.0499691

	P20
	8.5408554
	7.3111219
	11.120347
	11.857651

	P21
	0.46554685
	-1.1047868
	-2.1944761
	0.66573882

	P22
	-13.653838
	-35.643211
	-36.026516
	-13.832797



The fitted curves of smooth results are shown as follows 
· H-H polarization 
[image: ]
Fig 2.3.3.2.2-5 Fitted RCS pattern of H-H
· H-V polarization 
[image: ]
Fig 2.3.3.2.2-6 Fitted RCS pattern of H-V
· V-H polarization 
[image: ]
Fig 2.3.3.2.2-7 Fitted RCS pattern of V-H
· V-V polarization 
[image: ]
Fig 2.3.3.2.2-8 Fitted RCS pattern of V-V
Alternatively, a fixed value can be used instead of polynomial function because the variant range of RCS pattern is small, i.e. within 2dB. 
(3) Random distribution of extracted difference RCS due to glint
The correlation of difference value of RCS from different AOA is researched on firstly. The auto-correlation function figures of extracted difference are shown as follows.
[image: ][image: ]
[image: ][image: ]
Fig 2.3.3.2.2-9 Auto-covariance of difference RCS pattern
It can be seen that the auto-covariance patterns all has high value on AOA equal to zero, and much small value on other position, which is typical features of white noise. Therefore, Gaussian distribution without any spatial correlation is used to model the difference RCS pattern. The fitted parameters of Gaussian distribution are shown as follows.
Tab.2.3.3.1.3-2 Fitted values of Gaussian distribution for difference RCS pattern
	Polarization pair (Tx-Rx)
	Parameters of Gaussian distribution
	Value [rad]
	95% confidence intervals [rad]

	H-H
	

	-0.00132819
	[-0.300601, 0.297945]

	
	

	2.88738
	[2.69075, 3.11526]

	H-V
	

	 -0.00726087
	   [-0.362872, 0.34835]

	
	

	3.43093
	[3.19728, 3.7017]

	V-H
	

	-0.013712
	[-0.373367, 0.345943]

	
	

	 3.46995
	 [3.23364, 3.7438]

	V-V
	

	 0.00356832
	[-0.300033, 0.307169]

	
	

	2.92914
	[2.72966, 3.1603]



Proposal 5: For UAV, the fast fading RCS model for mono-static sensing mode can also consist two parts, the first smooth part is modeled by polynomial function deterministically or a fixed value. The second parts is modeled by Gaussian distribution randomly, which is used to model the effect glint.

Multi-point VS single point for sensing target
Comparing the mean value showing in Tab 2.3.3.1.1-1 and Tab 2.3.3.1.2-1 for car as a sensing target, it can be seen that RCS patterns with method 2 with different simulated propagation delays of all rays are more robust to the changes of distance, which is consistent with theory, shown as Fig 2.4-1 and Fig.2.4-2.
[image: ]
Fig. 2.4-1 Mean value of RCS for same polarization with distance
[image: ]
Fig. 2.4-2 Mean value of RCS for different polarization with distance
From the Fig.2.4-1 and Fig.2.4-2, when the minimum number of scatter cluster drop to one, it means that the all reflect and scatter points (the number of all points are usually larger than 1e4) spread out uniformly, and do not gather together to the receiver side. In the area with one scatter cluster, the sensing device is far away from sensing target at a specific distance, and it is reasonable to model all ray with same distance like method 1 to approximate the accurate RCS result from method 2 with a high accuracy. Fig 2.4-1 and Fig 2.4-2 show that when the distance is larger than 110m, the absolute difference of mean RCS value is smaller than 0.33dB. Hence, a single ray is sufficient to model the sensing target in such case. 
Proposal 6: For typical middle-size sensing target car, a distance threshold is proposed for mono-static sensing mode. When the distance between transceiver and target car is larger than this distance, single ray is used to model the car related channel. Otherwise, multiple rays with different time delay are used to model the car related channel.


The distance threshold used for separating single point and multi-point area can be decided by the size of sensing target. The maximum distance between two points on the above ray-tracing used car model is about . Double sides pathloss is computed for two points of the car with maximum 6.5m distance, these two pathloss tends to be similar with the distance increasing, shown as Fig.2.4-3. Once the absolute pathloss difference of two points is smaller than 1dB, the two points can be assumed from one scatter ray, and distance threshold corresponding to 1dB double sides pathloss difference should be 110m, which accords with the result from Fig.2.4-1 and Fig.2.4-2.
[image: ]
Fig.2.4-3 Pathloss and difference of two points in target car
Similar analysis can be done for a UAV with largest dimension equal to 1m.
[image: ]
Fig.2.4-4 Pathloss and difference of two points in UAV

Proposal 7: For mono-static sensing mode, the distance threshold used for separate single point area and multi-points area is decided by size of sensing target, pathloss difference threshold, which is given by




Where  is the maximum object dimension, and  is pathloss difference threshold.
· For typical car target with largest dimension equal to 6.5m, the distance threshold is 110m at 4.9GHz
· For typical UAV with largest dimension equal to 1m, the distance threshold is 17m at 4.9GHz

The following figures illustrate the proposal 7 taking car as a sensing target.  
[image: ]
Fig.2.4-5 Single point modeling for sensing channel
[image: ]
Fig.2.4-6 Multi-points modeling for sensing channel
LOS/NLOS model
In wireless sensing, LOS link means that there is a line of sight path between the sensing transceiver and the target object. The illustrations of LOS and NLOS for mono-static sensing and bi-static sensing are shown in Figure 2.5-1 and Figure 2.5-2. The probability of LOS links between two objects has been defined in TR38.901 (see 7.4.2 LOS probability) which is already well justified, we think it can be completely reused for sensing. 
For mono-static sensing, the LOS probability only needs to be determined for one way because of channel reciprocity. For bi-static sensing, the LOS probability should be determined for two segments, one is between the transmitter and the target object, and the other is between the target object and the receiver. If both segments are NLOS with the target object, the large scale loss including pathloss and RCS loss will be significantly increased, such as Figure (B) in Figure 2.5-1, and Figure (D) in Figure 2.5-2. The reflected signal power will be very weak and could be ignored for modelling. 
[image: C:\Users\10207298\AppData\Local\Temp\ksohtml49388\wps6.jpg] 
Figure 2.5-1: LOS and NLOS for mono-static sensing
[image: C:\Users\10207298\AppData\Local\Temp\ksohtml49388\wps7.jpg] 
[bookmark: OLE_LINK11]Figure 2.5-2: LOS and NLOS for bi-static sensing
Proposal 8: For sensing channel between transmitter/receiver and a sensing target, LOS probability methodology defined in TR 38.901 can be reused.

Proposal 9: If either link between Tx and a target, or between the target and Rx is LOS, the channel should be modeled. 

In the case when one link is NLOS, e.g. from the sensing target to Rx, as shown in Figure 2.5-3, there are two solutions to model the NLOS link. 
· [bookmark: OLE_LINK14]Solution 1: Deterministic model for environment object (EO), then the AOD, ZOD, and delay from the target to Rx is determined by the reflection from the known location of the EO. 
· Solution 2: Stochastically modelling the AOD, ZOD, and delay from the target to Rx. An angle/delay spread can be generated, and added on the LOS direction between the target and the Rx. The mechanism of the existing TR 38.901 can be reused. 
[image: ]
Solution 1: Deterministic model for environment object in NLOS link

[image: ]
Solution 2: Stochastic model for NLOS link
Figure 2.5-3: NLOS modeling for bi-static sensing
From our view, solution 1 is more suitable for Hybrid channel modeling with ray tracing simulation. In such case, all important environment objects are modeled by ray tracing, such as wall, desk, etc. Hence, we more prefer solution 2 for stochastic modeling. 
Proposal 10: If a link between Tx and target, or between the target and Rx is NLOS, support stochastic modeling of angel and delay between the target and Tx/Rx without knowing EO’s location. 
· Deterministic EO can be modeled by ray tracing method.

Background channel modelling
The effect of environment on sensing channel is usually shown as clutters from ground, woods, buildings, even weather, and such other things. For stochastic modelling, the clutters from environment can be modelled by environment clusters based random stochastic model as TR 38.901 because the cluster characteristic such as location does not impact sensing channel of the target.
Due to that only environment channel is considered without any impacted by sensing targets, the procedure of generating random rays and clusters in TR 38.901 Clause 7.5 can be reused for generating environment channel without any change for bi-static sensing modes. The large scale loss, e.g. pathloss, LOS/NLOS determination can be based on the distance between the transmitter and receiver. 
However, for mono-static sensing modes, how to calculate the large scale pathloss for the part of environment channel modelling is unclear since the distance between transmitter and receiver are almost zero. 
Proposal 11: For environment channel modelling, the generation mechanism of TR 38.901 can be reused at least for bi-static sensing modes. 
· FFS: How to modify the details for mono-static mode


To verify the proposal, the RT simulation is done in UMi scenario as shown in Figure 2.6-1, where UAV is the sensing target. Even though the UAV is high, and both links from Tx to the UAV, and from the UAV to the Rx are LOS, the receive power difference between Hbackground and the Htarget is around 80dB as shown in Figure 2.6-2. It can be shown the impact from sensing target to the current communication channel is negligible. 
[image: ]
Fig 2.6-1 UMi sensing scenario with UAV
[image: PowerEnvTarget]
Fig 2.6-2 UAV echo power VS environmental echo power

Hybrid channel modelling with RT simulation
Hybrid model based on ray tracing simulation is composed of a deterministic component and a stochastic component. In TR 38.901, the hybrid system is designed to evaluate or predict the impacts for communication from environmental structures and materials with the use of digital map. The sensing task makes a requirement for a more accurate and deterministic sensing channel. 
For sensing with hybrid channel modelling, the sensing channel related to targets and some environmental objects affecting sensing targets severely should be modelled by ray-tracing method with a higher determinacy and predictability. The environmental channels related background wireless environment, such as ground, woods, buildings, and other things, can be assumed as random clutters and be modelled by stochastic geometry modelling method in TR 38.901 without any changes. 
[image: ]
Figure 3-1 Hybrid Channel coefficient generation procedure
Basically, the procedures in TR 38.901 section 8 can be reused with slight modification. This type of modeling is very useful for sensing from our view especially on the impact from the important environmental objects. To align companies’ simulation results, it is better to specify some typical scenarios, characteristics of sensing targets. In other words, digital maps in the simulation should be aligned for scenarios to be evaluated by method of ray-tracing, and some typical maps can be recommended to be researched first. 
Based on the further details of analysis in section 3.1, 3.2 and 3.3, we have the following proposal
Proposal 12: The procedure of hybrid channel modelling with RT simulation in TR 38.901 can be reused and enhanced for sensing. Specify the following typical maps and characteristics of sensing targets to align the simulation assumptions:
· Urban grid map defined in 3GPP TR 37.885 
· The well-known Manhattan map from open source
· Indoor map defined in IEEE 802.11 WLAN
· EM parameters defined for radar material by ITU 

Outdoor map
For outdoor scenarios, we recommend two well-known maps as follows. 
· Urban grid in TR 37.885 [4]. 
Parameters regarding the road configuration for urban grid has been included. Figure 3.1-1 shows illustrative diagrams of urban grid which is simple for RT simulation. Based on this map, the NLOS links from buildings to sensing targets, and then further to Rx/Tx can be deterministically modeled. Since the location and EM characteristics of buildings are known in the real deployments, such NLOS links may be helpful for sensing detection. 

[image: ]
Fig.3.1-1 Road configuration for urban grid in TR 37.885

· Manhattan map
Manhattan map is a common used urban city model for evaluation of wireless network configuration, and also be recommended to be starting point of hybrid channel modeling method. The digital map of Manhattan can be download from open street map [5] (https://www.openstreetmap.org), which is an open source containing comprehensive maps of most countries, and models of buildings, water objects, forests, roads, railways are all provided by open street map. For simplicity, only building models are proposed to be used for hybrid channel modeling. 
For specified coordinate of latitude and longitude, a 500-meter square partial map of Manhattan with latitudes 40.7689 to 40.7736 and longitude -73.961 to -73.955 can be used. The detailed map is shown as follows.

[image: ]
Fig.3.1-2 Detailed map of part of Manhattan city

[image: ]
Fig.3.1-3 Digital map of Manhattan city
Indoor map
Indoor map defined in IEEE 802.11 WLAN can be reused in our view. Set up of the living room scenario is shown in Fig.3.2-1. The dimensions of a living room are 7 m x 7 m x 3 m (L x W x H). The living room has a table (table1) in the middle, a chair and a small chair with feet placed around the table. One outer wall has two windows and the opposite outer wall has a door placed in its middle. The target is a cubic object which is made of wood, as shown in Fig 3.2-2.



Fig.3.2-1 Set up of the living room scenario.



Fig.3.2-2 Target illustration and parameters.

The dimensions and materials of all furniture are given in Tab.3.2-1. 
Tab.3.2-1. Parameters of the furniture dimensions and materials
	Object
	Size
	Material

	Chair
	2.8m x 1.05m x 1m       (L x W x H)
	wood

	Chair with feet
	1.05m x 1.05m x 1m      (L x W x H)
	wood

	Table1
	1.5m x 0.7m x 0.8m       (L x W x H)
	wood

	Table2
	1m x 0.5m x 0.8m         (L x W x H)
	wood

	Target
	0.3m x 1.5m              (R x H)       
	wood

	Door
	1m x 2.5m                             (W x H)
	wood

	Windows
	1.5m x 1.5m                                  (W x H)
	Glass

	Wall
	
	concrete

	Floor
	
	concrete

	Ceiling
	
	concrete


EM parameters
For ray-tracing simulation, the radar material of object in digital map affect the simulation result a lot. The defined radar material by ITU is recommended to be reused [7] [8]. For each material, simple expressions for the frequency-dependent values of the real part of the relative permittivity, ', and the conductivity, , were derived. These are: 


and:



where f is frequency in GHz and  is in S/m. (' is dimensionless.) The values of a, b, c and d are given in Tab 3.3-1. Where the value of b or d is zero the corresponding value of  or  is a or c respectively, and independent of frequency.
If required, the imaginary part of the relative permittivity " can be obtained from the conductivity and frequency:


Parameters for air, metal and three conditions of ground are included in Tab 3.3-1 for completeness.
Tab 3.3-1. Material properties
	Material class
	Real part of relative permittivity
	Conductivity
S/m
	Frequency range

	
	a
	b
	c
	d
	GHz

	Vacuum (≈ air)
	1
	0
	0
	0
	0.001-100

	Concrete
	5.24
	0
	0.0462
	0.7822
	1-100

	Brick
	3.91
	0
	0.0238
	0.16
	1-40

	Plasterboard
	2.73
	0
	0.0085
	0.9395
	1-100

	Wood
	1.99
	0
	0.0047
	1.0718
	0.001-100

	Glass
	6.31
	0
	0.0036
	1.3394
	0.1-100

	Glass
	5.79
	0
	0.0004
	1.658
	220-450

	Ceiling board
	1.48
	0
	0.0011
	1.0750
	1-100

	Ceiling board
	1.52
	0
	0.0029
	1.029
	220-450

	Chipboard
	2.58
	0
	0.0217
	0.7800
	1-100

	Plywood
	2.71
	0
	0.33
	0
	1-40

	Marble
	7.074
	0
	0.0055
	0.9262
	1-60

	Floorboard
	3.66
	0
	0.0044
	1.3515
	50-100

	Metal
	1
	0
	107
	0
	1-100

	Very dry ground
	3
	0
	0.00015
	2.52
	1-10 only

	Medium dry ground
	15
	−0.1
	0.035
	1.63
	1-10 only

	Wet ground
	30
	−0.4
	0.15
	1.30
	1-10 only




Conclusion
In this contribution, we provide our measurements, RT simulations, observations, and analysis on ISAC channel modelling, and we have the following proposals:
Proposal 1: For link from Tx to a target, and the link from the target to Rx, pathloss, LOS Probability, and some fast fading parameters can be modeled separately with considering spatial consistency. 

Proposal 2: For sensing target channel modelling, large scale RCS should be included on top of the large scale pathloss for the link from Tx to the target and the link from the target to Rx. The Pathloss computation can be updated as




Where  and  are the pathloss for the link from Tx to the target and from the target to Rx respectively.

Proposal 3: RCS for a target can be modeled as RCS (AOD, ZOD, AOA, ZOA) = {RCSHH, RCSHV, RCSVH, RCSVV}, where AOD and ZOD the horizontal and vertical angle from Tx to the target respectively, AOA and ZOA the horizontal and vertical angle from the target to the Rx respectively, RCSHH, RCSHV, RCSVH, and RCSVV are the RCS values for four polarization combinations. 
· The RCS values are normalized to 1

Proposal 4: For car, the fast fading RCS model for mono-static sensing mode can consist two parts, the first smooth part is modeled by polynomial function deterministically, which describing the effect of shape of sensing target and AOA. The second part is modeled by Gaussian distribution randomly, which is used to model the effect glint. For RCS model of car and other objects made by metal almost, the RCS model do not change with frequency.

Proposal 5: For UAV, the fast fading RCS model for mono-static sensing mode can also consist two parts, the first smooth part is modeled by polynomial function deterministically or a fixed value. The second parts is modeled by Gaussian distribution randomly, which is used to model the effect glint.

Proposal 6: For typical middle-size sensing target car, a distance threshold is proposed for mono-static sensing mode. When the distance between transceiver and target car is larger than this distance, single ray is used to model the car related channel. Otherwise, multiple rays with different time delay are used to model the car related channel.

Proposal 7: For mono-static sensing mode, the distance threshold used for separate single point area and multi-points area is decided by size of sensing target, pathloss difference threshold, which is given by




Where  is the maximum object dimension, and  is pathloss difference threshold.
· For typical car target with largest dimension equal to 6.5m, the distance threshold is 110m at 4.9GHz
· For typical UAV with largest dimension equal to 1m, the distance threshold is 17m at 4.9GHz

Proposal 8: For sensing channel between transmitter/receiver and a sensing target, LOS probability methodology defined in TR 38.901 can be reused.

Proposal 9: If either link between Tx and a target, or between the target and Rx is LOS, the channel should be modeled. 

Proposal 10: If a link between Tx and target, or between the target and Rx is NLOS, support stochastic modeling of angel and delay between the target and Tx/Rx without knowing EO’s location. 
· Deterministic EO can be modeled by ray tracing method.

Proposal 11: For environment channel modelling, the generation mechanism of TR 38.901 can be reused at least for bi-static sensing modes. 
· FFS: How to modify the details for mono-static mode

Proposal 12: The procedure of hybrid channel modelling with RT simulation in TR 38.901 can be reused and enhanced for sensing. Specify the following typical maps and characteristics of sensing targets to align the simulation assumptions:
· Urban grid map defined in 3GPP TR 37.885 
· The well-known Manhattan map from open source
· Indoor map defined in IEEE 802.11 WLAN
· EM parameters defined for radar material by ITU 

Reference
[1] RP-234069 RAN New SID: Study on channel modelling for Integrated Sensing And Communication (ISAC) for NR, 3GPP TSG RAN Meeting #102.
[2] [bookmark: issueDate]3GPP TR 38.901, Study on channel model for frequencies from 0.5 to 100 GHz, V17.1.0, 2024-01.
[3] 3GPP TR 36.777, Enhanced LTE support for aerial vehicles, V15.0.0, 2018-01.
[4] 3GPP TR 37.885, Study on evaluation methodology of new Vehicle-to-Everything (V2X) use cases for LTE and NR, V15.3.0, 2019-06.
[5] Map, Open Street. "Open street map." Acessado em 12 (2017).
[6] 11-21-0782-02-00bf-channel-models-for-wlan-sensing-systems.doc
[7] https://www.itu.int/rec/R-REC-P.2040/en
[8] https://www.itu.int/rec/R-REC-P.527/en
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