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1 Introduction
Nowadays mobile devices (e.g., smart car, mobile phone, robots, and industrial machines) are requiring awareness of their environments including object detection, particularly when the target object only reflects the signal sent by the signal transmitter. As more smart mobile devices are designed to interact and coexist with their environment and are pouring to the market, the number the smart mobile devices equipped with an environment/object detection technique is expected to boom in the near future. Integrated sensing and communication (ISAC) is one essential technology component in wireless systems of 5G-Advanced. In ISAC, sensing and communication share the same frequency band and hardware, which can enhance the spectrum utilization and lower the cost of hardware. To evaluate and study the performance of wireless sensing in cellular system, channel model for wireless sensing shall be studied. In this contribution, we discuss some key issues in sensing channel model, and provide the procedure of sensing channel modelling in link-level simulation (LLS) and system-level simulation (SLS).
2 Channel model for sensing


In this section, large scale fading, Radar cross section (RCS), small scale fading, and clutter signal are discussed. Considering a bi-static sensing system as illustrated in Fig 1, the distance between transmitter and target is denoted as  while the distance between target and receiver is denoted as .


[bookmark: _Ref129623838]Fig 1 Illustration of the bi-static sensing system.

Large scale fading




[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The pathloss of the sensing system contains the pathloss of transmitter-target link  and the pathloss of target-receiver link , and it is calculated as . The following options can be considered to calculate the  function.
· Option 1: Calculate the pathloss based on Clause 7.4.1 of TR 38.901 [1].
· 



Pathloss is calculated by , where  is shown in Table 7.4.1-1 of TR 38.901,  denotes the wave length, and  denotes the Radar cross section (RCS) of the target.
· Option 2: Calculate the pathloss based on free-space propagation equation.
· 
Pathloss is calculated by .
RCS is utilized to describe the signal attenuation due to reflection on the target. The following options can be considered to model the RCS. Different RCS modelling can be used for different scenarios.
· Option 1: The RCS is modeled as a fixed value.
· [bookmark: OLE_LINK1]Option 2: The RCS is modeled as a complex probability distribution, e.g., uniform distribution, Gaussian distribution, chi square distribution (Swerling model), etc.
The pathloss can be computed based on pathloss equation in TR 38.901 or free-space propagation equation.
Different RCS modellings can be used for different scenarios.

Small scale fading
In small scale fading, the multi-path propagation should be discussed, and the following options can be considered.
· [bookmark: OLE_LINK2]Option 1: N paths are considered in the transmitter-target link, and each path has N reflected paths in the target-receiver link, i.e., totally N2 paths.
· Option 1: N paths are considered in both the transmitter-target link and the target-receiver link, the paths of two links are randomly coupled, i.e., totally N paths.
Fig 2 (a) and (b) illustrate the option 1 and option 2 in mono-static sensing system, respectively.
[image: ]     [image: ]
[bookmark: _Ref129619673]Fig 2 Illustration of the multi-path.

Clutter signal
In sensing systems, the interference from the environment (clusters) can be modeled as the clutter signal. The following options can be considered for clutter signal modelling.
Option 1: Determine the location of the clusters and model the LOS path between receiver and clusters as clutter signal.
Option 2: Generate the power/delay/angle information of the clusters by modelling fast fading model/CDL model between transmitter and receiver.
In sensing LLS, when considering clutter signal modelling, the power of the clutter signal maybe much larger than the signal reflected by the target. To alleviate this issue, the beamforming may be used to suppress the power of NLOS and clutter signal. As a result, the clutter signal modelling can be an optional step in LLS.
In sensing channel model of LLS, the clutter signal modelling is optional.

3 Link-level simulation
In this section, the procedure of sensing channel model in LLS is discussed. Since the sensing system considers the power affected by the pathloss and different scenarios using different pathloss calculation, the scenarios setting and large scale fading are considered in LLS. In classical Radar system, the Radar detects the target based on the LOS path. So in the sensing channel model for LLS, we only consider CDL channel model with LOS path, i.e., CDL-D and CDL-E.
Step 1: Set environment, network layout, and antenna array parameters.
a)	Choose one of the scenarios (e.g. UMa, UMi-Street Canyon, RMa, InH-Office or InF). Choose a global coordinate system and define zenith angle, azimuth angle, and spherical basis vectors.
b)	Give number of BS and UT (1 BS and 1 UT)
c)	Give 3D locations of BS and UT, and determine LOS AOD, LOS ZOD, LOS AOA, and LOS ZOA of the BS and UT in the global coordinate system
d)	Give BS and UT antenna field patterns in the global coordinate system and array geometries
f)	Give distance, speed, and direction of motion of UT in the global coordinate system
g)	Specify system centre frequency and bandwidth 
Step 2: Fix the propagation condition as LOS.
Step 3: Calculate pathloss.
Step 4: Generate cluster delays, powers, arrival angles and departure angles for both azimuth and elevation based on Table 7.7.1-4 (CDL-D) or Table 7.7.1-5 (CDL-E) in TR 38.901.
Step 5: Generate the location of the clusters and model the clutter signal. (Optional)
Step 6: Generate departure and arrival angles.
Step 7: Coupling of rays within a cluster for both azimuth and elevation.
Step 8: Generate the cross polarization power ratios.
Step 9: Coefficient generation.
Different from the LLS of communication systems, the following steps should be considered in LLS of sensing systems.
· Set environment, network layout, and antenna array parameters
· Fix the propagation condition as LOS
· Calculate pathloss
· RCS modelling
· Generate the location of the clusters and model the clutter signal. (Optional)

4 System-level simulation
Highway is an essential scenario in ISAC. In this scenario, BS can obtain the position, speed and type of vehicle UEs by sensing and apply the information to intelligent transportation for better transportation performance. Besides, vehicle UE can sense the environment, position and speed of surrounding vehicle UEs to avoid traffic accident and assist to autonomous driving.
In 3GPP 37.885, the evaluation methodology for V2X is presented for both urban grid and highway. Besides, channel model for BS to UE in different scenarios are presented in 3GPP 38.901. The BS deployment, vehicle UE distribution in 3GPP 37.885 and channel models in 3GPP 37.885 and 3GPP 38.901 can be used as baseline for sensing in highway. In this contribution, vehicle UE based mono-static sensing and vehicle UE based bi-static sensing are considered.
4.1 BS deployment
In 3GPP 37.885, BS deployment below 6 GHz and above 6GHz are given as below.
	Parameters
	Highway for eV2X below 6GHz
	Highway for eV2X above 6GHz

	Layout
	Baseline: Macro only (straight line BS placement with Road configuration in 3GPP 36.885)
	Baseline: Macro only (with BS placement as depicted in Figure A.1.3-3 in 3GPP 36.885)

	Inter-BS distance
	Inter Macro: 1732m, 500m (optional)
	Inter Macro: 500m



The details of BS deployment are illustrated in 3GPP 36.885, which is shown as follows.
-	Option 1 (baseline): eNBs are located along the freeway 35m away with 1732m ISD in Figure A.1.3-2 in 3GPP 36.885.
-	Option 2 (optional): Wrap around method of 19*3 hexagonal cells with 500m ISD in Figure A.1.3-3 in 3GPP 36.885.
[image: ]
Fig 3 Wrap around model option 1 (baseline) for freeway case.
[image: ]
Fig 4 Wrap around model option 2 for freeway case.
Considering the description in 3GPP 37.885 and 3GPP 36.885, the BS deployment in highway can be summarized as below.
	Parameters
	Highway for eV2X below 6GHz
	Highway for eV2X above 6GHz

	Layout
	Baseline: Option 1 in 3GPP 36.885
Optional: Option 2 in 3GPP 36.885
	Option 2 in 3GPP 36.885

	Inter-BS distance
	Baseline:1732m
Optional: 500m
	500m



Observation 1:  BS deployment for sensing in highway scenario can be summarised as below.
	Parameters
	Highway for eV2X below 6GHz
	Highway for eV2X above 6GHz

	Layout
	Baseline: Option 1 in 3GPP 36.885
Optional: Option 2 in 3GPP 36.885
	Option 2 in 3GPP 36.885

	Inter-BS distance
	Baseline:1732m
Optional: 500m
	500m



4.2 Vehicle UE distribution and type
In 3GPP 37.885, it is mentioned that road configuration in 3GPP 36.885 can be reused. Besides, vehicle UE drop and mobility model are both presented, which is different from the method in 3GPP 36.885. In 3GPP 37.885, several UE dropping options are supported for the highway scenario. Considering that dropping option A is used in the sidelink position evaluation in 3GPP 38.859, it is straightforward that dropping option A is selected for sensing evaluation. The road configuration and vehicle UE drop and mobility model are given as follows.
Table A.1.2-1: Details of road configuration and vehicle UE drop and mobility model
	Parameter
	Highway case

	Number of lanes
	3 in each direction (6 lanes in total in the freeway)

	Lane width
	4 m

	Simulation area size
	Freeway length >= 2000 m. Wrap around should be applied to the simulation area.

	Vehicle density
	The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}.

	Vehicle type
	Vehicle type distribution is not dependent of the lane.

	Absolute vehicle speed
	All the vehicles in the same lane have the same speed.
Baseline: 140 km/h
Optional: 70 km/h

	Vehicle dropping option
	UE dropping option A in 3GPP 37.885



The Road configuration should reuse the model in 36.885 and vehicle UE drop and mobility model should reuse the one in 37.885. Vehicle dropping option A in 3GPP 37.885 can be reused. The details of road configuration and vehicle UE drop and mobility model are given as follows.
	Parameter
	Highway case

	Number of lanes
	3 in each direction (6 lanes in total in the freeway)

	Lane width
	4 m

	Simulation area size
	Freeway length >= 2000 m. Wrap around should be applied to the simulation area.

	Vehicle density
	The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}.

	Vehicle type
	Vehicle type distribution is not dependent of the lane.

	Absolute vehicle speed
	All the vehicles in the same lane have the same speed.
Baseline: 140 km/h
Optional: 70 km/h

	Vehicle dropping option
	UE dropping option A in 3GPP 37.885



4.3 Channel model for sensing
4.3.1 Channel model for sensing
In sensing, the channel between Tx and Rx should be modelled. Tx sends sensing signal and Rx receives echo signal and applies detection algorithm to obtain speed, distance and azimuth angle of target. As for echo signal, it can be summarized as below.
Echo signal 1: signal reflected from target.
Echo signal 2: signal reflected from cluster/environment, which does not reach target. It can be seen as clutter.
In sensing, echo signal 1 can be taken as desired signal and echo signal 2 can be regarded as interference. To accurately evaluate the performance of sensing, both echo signals should be modelled in the SLS.
[image: ]
Fig 5 Sensing signal transmitted from Tx.
[image: ]
Fig 6 Echo signal 1 reflected from target.
[image: ]
Fig 7 Echo signal 2 reflected from cluster/environment.
Signal reflected from target and signal reflected from cluster/environment, which does not reach target should be both modelled in SLS.
4.3.2 Channel model for sensing signal
In 3GPP 38.901, the channel realizations are obtained by a step-wise procedure illustrated in Figure 7.5-1. Channel model for V2X link is presented in 3GPP 37.885.  Channel realization of echo signal 1 and echo signal 2 can be obtained based on 3GPP 38.901 and 3GPP 37.885 with some modification.
Echo signal 1
Step 1: Set environment, network layout, and antenna array parameters
In 3GPP 38.901, step 1 determines environment, network layout, and antenna array parameters. Some of the parameters should take the assumptions of highway evaluation in 3GPP 37.885 into consideration. For example, deployment of BS, vehicle UE distribution, antenna configuration of BS and vehicle UE, BS bearing angle, BS downtilt angle, BS slant angle, vehicle UE bearing angle, vehicle UE downtilt angle and vehicle UE slant angle are given in 3GPP 37.885. With combination of 3GPP 38.901 and 3GPP 37.885, we have the following observation.
Environment, network layout, and antenna array parameters should be set considering 3GPP 38.901 and parameters in 3GPP 37.885.


a)	Choose UMa as the scenarios according to 3GPP 37.885. Choose a global coordinate system and define zenith angle θ, azimuth angle ϕ, and spherical basis vectors ,  as shown in Figure 7.3-2 in 3GPP 38.901. 
b)	Give number of BS and vehicle UE according to 3GPP 37.885
c)	Give 3D locations of BS and vehicle UE, and determine LOS AOD (ϕLOS,AOD), LOS ZOD (θLOS,ZOD), LOS AOA (ϕLOS,AOA), and LOS ZOA (θLOS,ZOA) of each BS and vehicle UE in the global coordinate system. When vehicle UE based mono-static sensing is considered,   and 
d)	Give BS and vehicle UE antenna field patterns Frx and Ftx in the global coordinate system and array geometries. Antenna configuration of BS and vehicle UE can reuse the configuration in 3GPP 37.885
e)	Give BS and vehicle UE array orientations with respect to the global coordinate system. BS array orientation is defined by three angles ΩBS,α (BS bearing angle), ΩBS,β (BS downtilt angle) and ΩBS,γ (BS slant angle). vehicle UE array orientation is defined by three angles ΩUE,α (vehicle UE bearing angle), ΩUE,β (vehicle UE downtilt angle) and ΩUE,γ (vehicle UE slant angle). ΩBS,α, ΩBS,β, ΩBS,γ, ΩUE,α, ΩUE,β and ΩUE,γ can be obtained with Table 6.1.4-3 and Table 6.1.4-9 in 3GPP 37.885
f)	Give speed, direction of motion and RCS of vehicle UE in the global coordinate system


g)	Specify system centre frequency  ,bandwidth  and SCS according to 3GPP 37.885
Note:	In case wrapping is used, each wrapping copy of a BS or site should be treated as a separate BS/site considering channel generation.
Step 2: Assign propagation condition (LOS/NLOS)
Considering that link from Tx to target is NLOS or link from target to Rx is NLOS, the power of echo signal 1 is weak and it would be difficult to obtain the speed, distance and azimuth of target. It is preferred that to set that link from Tx to target and link from target to Rx are both LOS.
Link from Tx to target and link from target to Rx should be both set as LOS.
Step 3: Calculate pathloss
Considering that pathloss model for V2V link is given in table 6.2.1-1 in 3GPP 37.885, which is different from model in 3GPP 38.901, it is preferred that pathloss model in 3GPP 37.885 is applied when vehicle UE based mono-static sensing and vehicle UE based bi-static sensing are considered.
Pathloss model in table 6.2.1-1 in 3GPP 37.885 should be applied when vehicle UE based mono-static sensing and vehicle UE based bi-static sensing are considered.
Step 4: Generate large scale parameters (DS, AS, SF, and K)
Step 5: Generate cluster delays 
Step 6: Generate cluster powers 
Step 7: Generate arrival angles and departure angles for both azimuth and elevation 

In these steps, large scale parameters, cluster delays, cluster powers, arrival angles and departure angles for both azimuth and elevation are generated with channel model parameters in table 7.5-6 in 3GPP 38.901. However, for V2V link, updated channel model parameters are given in Table 6.2.3-1 in 3GPP 37.885. Thus, channel model parameters in Table 6.2.3-1 in 3GPP 37.885 should be used when vehicle UE based mono-static sensing and vehicle UE based bi-static sensing are considered
Channel model parameters given in Table 6.2.3-1 in 3GPP 37.885 should be used when large scale parameters, cluster delays, cluster powers, arrival angles and departure angles for both azimuth and elevation are generated in Step 4, Step 5, Step 6 and Step 7.
Step 8: Coupling of rays within a cluster for both azimuth and elevation 
Step 9: Generate the cross-polarization power ratios
Step 10: Draw initial random phases
Step 11: Generate channel coefficients

For step 8, step 9 and step 10, the realization in 3GPP 38.901 can be used directly to obtain parameters for link from Tx to target and link from target to Rx, separately. For step 11, AOD and ZOD of link from Tx to target and AOA and ZOA of link from target to Rx could be used to obtain the total channel coefficient of echo signal 1.
For step 8, step 9 and step 10, the realization in 3GPP 38.901 can be used directly to obtain parameters for link from Tx to target and link from target to Rx, separately. For step 11, AOD and ZOD of link from Tx to target and AOA and ZOA of link from target to Rx could be used to obtain the total channel coefficient of echo signal 1.

Echo signal 2
Echo signal 2 is used to model the signal reflected from the cluster/environment. The cluster/environment can be seen as pseudo target. As a result, the channel model of echo signal 2 can reuse channel model of echo signal 1. Considering that cluster/ pseudo target number is large and it would be too complex to model both LOS and NLOS channel coefficient for each pseudo target. Only LOS channel coefficient can be modelled for echo signal 2 if needed.
Channel model of echo signal 1 could be reused for echo signal 2. Besides, only LOS channel coefficient can be modelled for echo signal 2 to reduce complexity.

5 Conclusion
In this contribution, we discuss about channel model for sensing in LLS and SLS. According to the above discussions, we provide the following observations.
Observation 1: Observations for general sensing channel model are given as follows.
Observation 1-1: The pathloss can be computed based on pathloss equation in TR 38.901 or free-space propagation equation. 
[bookmark: _GoBack]Observation 1-2: Different RCS modellings can be used for different scenarios.
Observation 1-3: In sensing channel model of LLS, the clutter signal modelling is optional.

Observation 2: Observations for sensing channel model in LLS are given as follows.
Observation 2-1: Different from the LLS of communication systems, the following steps should be considered in LLS of sensing systems.
	Set environment, network layout, and antenna array parameters
	Fix the propagation condition as LOS
	Calculate pathloss
	RCS modelling
	Generate the location of the clusters and model the clutter signal. (Optional)

Observation 3: Observations for sensing channel model in SLS are given as follows. 
Observation 3-1: BS deployment for sensing in highway scenario can be summarised as below.
	Parameters
	Highway for eV2X below 6GHz
	Highway for eV2X above 6GHz

	Layout
	Baseline: Option 1 in 3GPP 36.885
Optional: Option 2 in 3GPP 36.885
	Option 2 in 3GPP 36.885

	Inter-BS distance
	Baseline:1732m
Optional: 500m
	500m



Observation 3-2: The Road configuration should reuse the model in 36.885 and vehicle UE drop and mobility model should reuse the one in 37.885. Vehicle dropping option A in 3GPP 37.885 can be reused. The details of road configuration and vehicle UE drop and mobility model are given as follows.
	Parameter
	Highway case

	Number of lanes
	3 in each direction (6 lanes in total in the freeway)

	Lane width
	4 m

	Simulation area size
	Freeway length >= 2000 m. Wrap around should be applied to the simulation area.

	Vehicle density
	The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}.

	Vehicle type
	Vehicle type distribution is not dependent of the lane.

	Absolute vehicle speed
	All the vehicles in the same lane have the same speed.
Baseline: 140 km/h
Optional: 70 km/h

	Vehicle dropping option
	UE dropping option A in 3GPP 37.885



Observation 3-3: Signal reflected from target and signal reflected from cluster/environment, which does not reach target should be both modelled in SLS.
Observation 3-4: Environment, network layout, and antenna array parameters should be set considering 3GPP 38.901 and parameters in 3GPP 37.885


a)	Choose UMa as the scenarios according to 3GPP 37.885. Choose a global coordinate system and define zenith angle θ, azimuth angle ϕ, and spherical basis vectors ,  as shown in Figure 7.3-2 in 3GPP 38.901. 
b)	Give number of BS and vehicle UE according to 3GPP 37.885
c)	Give 3D locations of BS and vehicle UE, and determine LOS AOD (ϕLOS,AOD), LOS ZOD (θLOS,ZOD), LOS AOA (ϕLOS,AOA), and LOS ZOA (θLOS,ZOA) of each BS and vehicle UE in the global coordinate system. When vehicle UE based mono-static sensing is considered,   and 
d)	Give BS and vehicle UE antenna field patterns Frx and Ftx in the global coordinate system and array geometries. Antenna configuration of BS and vehicle UE can reuse the configuration in 3GPP 37.885
e)	Give BS and vehicle UE array orientations with respect to the global coordinate system. BS array orientation is defined by three angles ΩBS,α (BS bearing angle), ΩBS,β (BS downtilt angle) and ΩBS,γ (BS slant angle). vehicle UE array orientation is defined by three angles ΩUE,α (vehicle UE bearing angle), ΩUE,β (vehicle UE downtilt angle) and ΩUE,γ (vehicle UE slant angle). ΩBS,α, ΩBS,β, ΩBS,γ, ΩUE,α, ΩUE,β and ΩUE,γ can be obtained with Table 6.1.4-3 and Table 6.1.4-9 in 3GPP 37.885
f)	Give speed, direction of motion and RCS of vehicle UE in the global coordinate system


g)	Specify system centre frequency  ,bandwidth  and SCS according to 3GPP 37.885
Note:	In case wrapping is used, each wrapping copy of a BS or site should be treated as a separate BS/site considering channel generation.
Observation 3-5: Link from Tx to target and link from target to Rx should be both set as LOS.
Observation 3-6: Pathloss model in table 6.2.1-1 in 3GPP 37.885 should be applied when vehicle UE based mono-static sensing and vehicle UE based bi-static sensing are considered.
Observation 3-7: Channel model parameters given in Table 6.2.3-1 in 3GPP 37.885 should be used when large scale parameters, cluster delays, cluster powers, arrival angles and departure angles for both azimuth and elevation are generated in Step 4, Step 5, Step 6 and Step 7.
Observation 3-8: For step 8, step 9 and step 10, the realization in 3GPP 38.901 can be used directly to obtain parameters for link from Tx to target and link from target to Rx, separately. For step 11, AOD and ZOD of link from Tx to target and AOA and ZOA of link from target to Rx could be used to obtain the total channel coefficient of echo signal 1.
Observation 3-9: Channel model of echo signal 1 could be reused for echo signal 2. Besides, only LOS channel coefficient can be modelled for echo signal 2 to reduce complexity.
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