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1. [bookmark: _heading=h.gjdgxs]Introduction: 
Channel modeling for the integrated sensing and communication (ISAC) has been approved in RAN#102 [1]. 

Based on the meeting #116 agreements, the ISAC channel is defined as  

We conducted experiments to verify (1). The results are presented in Annex A.

To proceed with the channel modeling considerations, the following questions are required to be addressed.

1. How to develop the target channel? What are the LOS and NLOS considerations? If it has NLOS rays, is it modelled deterministically (environment objects) and/or stochastically (clutters), or both?
2. How to develop the background channel?
3. Whether/how to model environment object(s), i.e., object(s) with known location, other than sensing target(s)
4. Whether/how to model propagation path(s) between the target(s) and the environment object(s)
5. Whether/how to model propagation path(s) between the target(s) and the stochastic clutter(s)
6. Design of sensing target
a. One or multiple point scatters for a sensing target
b. RCS details

In this paper, we present our proposed approaches to the above questions. 
2. Preliminary considerations
We note that the target channel is defined as the channel impacted by the sensing target which includes the channel from the transmitter to the target and the target to the receiver. In this paper, we denote these two segments of the target channel as the Tx-Target (transmitter-target) and Target-Rx (target-receiver) channels, respectively, for the simplicity of references.
We take a stochastic approach for the channel modeling of ISAC as it is intended to be a complimentary or additional section to the existing communication channel model in [2].
The Tx-Target and Target-Rx channels can be LOS and NLOS in many scenarios. Especially when the target is moving, there is a high probability that the target channel is blocked by objects at some point. Hence, we suggest that both the LOS and NLOS channels are considered in the target channel modeling. Therefore, the LOS probability should be considered for the Tx-Target and Target-Rx channels. For some use cases the probability of LOS can be reused from Table 7.4.2-1 in Target-Rx 38.901.
It's observed that NLOS paths in both Tx-Target and Target-Rx channels may lead to substantial path loss, hence the received signal is considered negligible for effective target detection. Therefore, it is suggested to exclude these paths from consideration.
Observation 1: Due to the mobility of the targets in many deployment scenarios, it is highly probable that target channels are blocked at some points which causes NLOS propagations.
Proposal 1: Both the LOS and NLOS should be considered for the target channels in either Tx-Target or Target-Rx link. Considering the NLOS at both Tx-Target and Target-Rx links simultaneously is not necessary as it conveys a low amount of information about the object.
We note that the LOS probability for different types of objects can be different. We believe the LOS probability for a human object type can be fairly reused from Table 7.4.2-1 of TR38.901 for indoor and outdoor scenarios. Similarly, the LOS probability for the objects of type automative vehicles can be obtained similar to those of human outdoor. Also, for AGV in indoor factories, the same table can be used.  
To calculate the LOS probabilities for the bistatic and monostatic involving BS, the Tx-Target and Target-Rx links can be considered the same as a BS-UT link in TR38.901, TR36.777. Hence, we have the following proposal:
Proposal 2: In the case of TRP-involved bistatic and monostatic scenarios, the LOS probabilities for the Tx-target and/or Target-Rx can be reused:
· Human indoor and outdoor: reuse from Table 7.4.2-1 in TR38.901
· Automotive Vehicles: similar to human outdoor from Table 7.4.2-1 in TR 38.901
· Automotive guided vehicles: reuse from Table 7.4.2-1 in TR38.901 (InF-(SL,SH,DL,DH))
· UAV (Uma, Umi, RMa): reuse from Table B-1 in TR 36.777
However, for the bistatic and monostatic scenarios involving a UE as the transmitter and/or receiver, there should be new experiments conducted as the BS height is not valid anymore. 
Proposal 3: For monostatic and bistatic sensing scenarios involving UE as a transmitter and/or receiver, experimentations are needed to obtain the LOS probabilities. The channels of interest in these scenarios include UE-human, UE-car, UE-UAV, UE-AGV, and UE-Animal cases. 
As long as target channel is concerned, the target is an object with a known location and physical properties. Hence, we suggest that the target’s location is given deterministically. Given the location of the object, one can then determine the angle of departure from TX and angle of arrival to the RX, hence, deterministically obtained. The non-target objects that lead to a NLOS path in either Tx-Target or the Target-Rx link, can be modeled stochastically. 
Proposal 4: The background objects channels should be modeled using the stochastic approach in TR 38.901. 
Proposal 5: The sensing characteristics of the object channel such as angle of arrival (AoA), doppler frequency shift (DFS), and delay can be calculated deterministically. 
Additionally, if the background channel is dynamic, resulting in a Doppler shift distinct from that of the object, it should be addressed using TR38.901.
One question to be addressed is whether to consider multiple scattering points for an object or not? One approach is to devolve it to the use case scenarios. For example, in gesture recognition applications, assuming multiple scattering points on the object is necessary to distinguish between different gestures. However, in tracking small objects such as UAVs it is not necessary. In the case of multiple scattering points, the question that arises is how many scattering points should be considered for each object type. This can be specified for each object type that has been identified, such as UAV, human indoor, human outdoor, automative vehicles, etc. Finally, the number of rays per scattering points also needs to be specified. One approach is to assume a single ray per scattering point.
[bookmark: _heading=h.30j0zll]Proposal 6: For some use cases with high resolution requirements, it is suggested that multiple scattering points are considered for the object. The number of scattering points for each specific object type and the number of rays per scattering point should be determined accordingly.
In scenarios with multiple scattering points, it is important to note that the radar cross section (RCS) of each point might vary from others. Additionally, the RCS (in either single scattering point object or multiple scattering point objects) is influenced by many factors such as object’s material, size, angle of incidence, etc. Hence the RCS should be taken care of meticulously. 
It is crucial to take a stochastic approach to RCS modeling. This will capture real scenarios in either slow or fast fading cases. In this regard, for each target type a stochastic model must be clearly defined to account for these variations at each scattering point. Different distribution models can be considered for the RCS of an object. For example, in [3] a Weibull distribution has been fitted to the RCS of the human body shown see Figure 3.
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[bookmark: _heading=h.2et92p0]Figure 2. Human RCS histogram and the Weibull distribution fitted to it.
Proposal 7: RCS of different target types should be modeled stochastically. Through experimental measures, we can agree on the underlying distributions of RCS for each target type. 
Proposal 8: The RCS of a target type at different scattering points is modeled stochastically and follows the same distribution.
3. Propagation paths including targets.

3.1. LOS propagation paths
In this part, we consider a LOS propagation path in Tx-Target and Target-Rx links. Figure 1 shows a target with LOS paths in Tx-Target and Target-Rx channels assuming one scattering point.
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[bookmark: _heading=h.tyjcwt]Figure 1: LOS links in Tx-Target and Target-Rx channels.
The sensing pathloss for  is the same as the communication pathloss in TR38.901 where the receiver aperture effect is subtracted as instead of the receiver there is a passive object. Hence, we have [4]:
		(2)
On the other hand, the sensing pathloss for the  is equal to the communication pathloss added by the RCS factor as below:
 			(3)
where  is the RCS of the target cluster. Combining (1) and (2), the overall sensing pathloss as a function of communication pathloss can be obtained as below:
		(4)
Observation 2: As object detection demands the need to involve the RCS in channel modeling, the path loss equations inTarget-Rx38.901 need to be modified to include this characteristic. 
Proposal 9: For targets on the ground, the pathloss equations in TR38.901 can be modified using Equation (4).
Proposal 10: For UAVs, the pathloss equations in TR36.777 can be modified using Equation (4).
The RCS of human denoted by  and the additional pathloss caused by that have been provided in Table 1 as a function of frequency experimentally obtained in a monostatic RCS measurements setup [5]. 
[bookmark: _heading=h.1fob9te]
Table 1: RCS of a human in different frequencies
	Frequency (GHz)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	()
	0.08
	0.1
	1.5
	0.4
	1.6
	0.15
	0.5
	0.4
	0.18
	2.8

	
	10.98
	10
	-1.76
	3.98
	-2.04
	8.24
	3.01
	3.98
	7.45
	-4.47

	
	-21.45
	-27.47
	-31 
	-33.5
	-35.43
	-37.01
	-38.35
	-39.51
	-40.53
	-41.45

	Total Added Pathloss
	-10.47
	-17.47
	-32.75
	-29.51
	-37.47
	-28.77
	-35.34
	-35.53
	-33.08
	-45.92



4. [bookmark: _heading=h.3znysh7]Calibration and spatial consistency

ISAC channel modeling involves new parameters in modeling and new performance metrics for evaluation. Hence a calibration for ISAC and the existing channel model is necessary for different scenarios and target types considering sensing-related performance metrics besides the communication metrics for the large scale and full calibration. Prioritized use cases can be as follows:
· UAV-UMa, UMi
· Human-indoors
· Human-outdoors, UMa, UMi, RMa,
· Automative vehicles-UMa, RMa
· AGV-InF

Furthermore, spatial and temporal consistency should be considered in ISAC channel as ISAC channel is the coexistence of a communication and sensing channel. Hence, evaluation of an ISAC system requires considering spatial consistency. Spatial consistency can be studied after channel modeling has progressed satisfactorily.
Proposal 11: ISAC channel model needs calibration and spatial consistency considerations.


5. Conclusion:
Observation 1: Due to the mobility of the targets in many deployment scenarios, it is highly probable that target channels are blocked at some points which causes NLOS propagations.
Proposal 1: Both the LOS and NLOS should be considered for the target channels in either Tx-Target or Target-Rx link. Considering the NLOS at both Tx-Target and Target-Rx links simultaneously is not necessary as it conveys a low amount of information about the object.
Proposal 2: In the case of TRP-involved bistatic and monostatic scenarios, the LOS probabilities for the Tx-target and/or Target-Rx can be reused:
· Human indoor and outdoor: reuse from Table 7.4.2-1 in TR38.901
· Automotive Vehicles: similar to human outdoor from Table 7.4.2-1 in TR 38.901
· Automative guided vehicles: reuse from Table 7.4.2-1 in TR38.901 (InF-(SL,SH,DL,DH))
· UAV (Uma, Umi, RMa): reuse from Table B-1 in TR 36.777
Proposal 3: For monostatic and bistatic sensing scenarios involving UE as a transmitter and/or receiver, experimentations are needed to obtain the LOS probabilities. The channels of interest in these scenarios include UE-human, UE-car, UE-UAV, UE-AGV, and UE-Animal cases. 
Proposal 4: The background channel should be modeled using the stochastic approach in TR 38.901. 
Proposal 5: The sensing characteristics such as angle of arrival (AoA), doppler frequency shift (DFS), and delay can be calculated deterministically. 
Proposal 6: For some use cases with high resolution requirements, it is suggested that multiple scattering points are considered for the object. The number of scattering points for each specific object type and the number of rays per scattering point should be determined accordingly.
Proposal 7: RCS of different target types should be modeled stochastically. Through experimental measures, we can agree on the underlying distributions of RCS for each target type. 
Proposal 8: The RCS of a target type at different scattering points is modeled stochastically and follows the same distribution.
Observation 2: As object detection demands the need to involve the RCS in channel modeling, the path loss equations inTarget-Rx38.901 need to be modified to include this characteristic. 
Proposal 9: For targets on the ground, the pathloss equations in TR38.901 can be modified using Equation (4).
Proposal 10: For UAVs, the pathloss equations in TR36.777 can be modified using Equation (4).
Proposal 11: ISAC channel model needs calibration and spatial consistency considerations.
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Annex A
We conducted a simple experiment to verify the accuracy of the assumption that the ISAC channel can be considered as Eq (1):
.
To show this, we have measured the channel state information in 3 configurations:
1. Target only ()
2. Background only ()
3. Target and background ()
The experiments have been conducted in a room of size 3mx3mx3m. The TX and RX are a set of USRP B210 located at 150 cm height above the floor where there is a LoS channel between them. The background channel consists of 2 desks in the room and walls and the target is a human. The walls of the room stay the same for the target only scenario too. However, if we can show that the (1) is valid using our measurements, we can also conclude that it is true for an ideal configuration.
Figures A-1, A-2, and A-3 show the experiment setups.
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	Figure A-1: Background channel measurement, .
	Figure A-2: Target channel measurement, .
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	Figure A-3: ISAC channel measurement, .



So far, we have measured  and . We define  as below:
,
and we would like to see if we can statistically verify that . To do this, we apply t-test which evaluates whether the mean of two data populations is different. We first consider a null hypothesis which is denoted by  and is defined as : “there is no difference in the means of the  and ”. The results of the t-test are as below:
Table A-1: T-test results.
	
	-value
	Confidence interval ()

	0
	0.55908
	[-0.0576,0.0312]



The  suggests that the null hypothesis is correct (we cannot reject it) and hence there is no significant difference between  and . The -value is also above  implying that there is no statistically significant evidence to reject the null hypothesis and the  within which contains the values that the mean can locate with  confidence, includes “zero”, also supports the same idea. 
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