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[bookmark: _heading=h.gjdgxs]Introduction: 
According to TR 22.837 [1], there are a wide range of use cases for integrated sensing. The use cases are summarized according to TS 22.137 as below [2]:

· Object detection and tracking
· Environment monitoring
· Motion monitoring

Some specifications need modifications for the integrated sensing use cases. In particular, channel modeling is of interest as the 3GPP channel model in TR38.901 [3] cannot be directly applied to the Sensing-related channels which are channels that include non-active objects. In the first glance, the target can be viewed as a cluster of rays as in the communications channels. However, there are modifications that need to be taken into account. 

Observation 1: Communication channel model in TR38.901 lacks specific characteristics for sensing channel model.
Proposal 1: The channel model in TR38.901 needs to be modified in order to be used in sensing-related simulations. 

Channel modeling approaches: Channel modeling for integrated sensing can be specified for different use-cases. Below are our proposed channel modeling approaches specified for different use-cases:

1. Indoor House: Object detection and tracking/Motion detection 
Ray-tracing (RT) can be used in this scenario to obtain the channel parameters as the size of the environment is usually small in comparison to outdoor scenarios such as urban micro (UMi) and urban macro (UMa). Furthermore, when the object of interest is a human, its different postures and motion patterns can be captured more accurately than the stochastic methods.
Furthermore, a map-based hybrid channel model can be applied in these scenarios where a digital map of the environment is available. This is mostly of interest for the indoor scenarios as it is able to present a more accurate model of the environment. The map-based hybrid channel model procedure is presented in Section 8 of TR38.901 while modifications are required to be applied if needed. 

2. Outdoor: Object detection and tracking/Motion detection
For UMa and UMi, we suggest using TR38.901 with the required modifications discussed in the sequel applied to it. 

The channel modeling procedure for the Sensing in ISAC where a fully RT approach is not used can be adopted from the Communication channel modeling. In particular, the fast-fading channel modeling can follow a similar process as in TR.38.901. To accommodate the channel modeling properly for Sensing use-cases, we need to consider the radar cross section (RCS) of the clusters in the pathloss calculations in [3].
A typical scenario has been shown in Figure 1. Note that if the simulation is carried on for the Communication and Sensing applications in the same environment simultaneously, there are some clusters that can be common between the two applications. In particular, the communication clusters that are close to the Sensing receiver antenna can act as a Sensing cluster as well with a certain probability [4]. This should be taken into account for the sake of consistency and accuracy in the ISAC simulations.

[image: A diagram of a cluster

Description automatically generated]
[bookmark: _Ref156551594]Figure 1. A typical network model for ISAC. Solid green line shows the LOS sensing ray, dashed green lines show the NLOS sensing rays, solid blue lines show the LOS reflected sensing rays to the sensing UT, dashed blue lines show the NLOS reflected ray to the ray to the sensing UT, solid red line shows the LOS communication ray received by UT, dashed red line shows the NLOS communication ray to the communication UT, and dashed magenta line shows the communication ray received at the sensing UT (if operating in the same resource blocks).
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[bookmark: _Ref156551758]Figure 2. Links related to sensing.


Pathloss Modifications:
Consider Links 1 and 2 in Figure 2 denoted by  and , respectively. The sensing pathloss for  is the same as the communication pathloss where the receiver aperture effect is subtracted as instead of the receiver there is a passive object. Hence, we have [5]:
		(1)
On the other hand, the sensing pathloss for the  is equal to the communication pathloss added by the RCS factor as below [3]:
 			(2)
where  is the RCS of the cluster. Combining (1) and (2), the overall sensing pathloss as a function of communication pathloss can be obtained as below:
		(3)

The fast-fading channel model procedure is shown in Figure 3 for the Communication and Sensing, respectively.
One important thing to take into consideration is that the RCS is not necessarily stationary in space. In other words, different parts of an object may result in different values for RCS. 
Observation 2: The RCS of objects is a non-constant value for each object.
Proposal 2: A distribution model of RCS in space should be considered in channel modeling. 
Different distribution models can be considered for the RCS of an object. In [6] a Weibull distribution has been fitted to the RCS of the human body represented in  Figure 3.
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[bookmark: _Ref156551887]Figure 3. Human RCS histogram and the Weibull distribution fitted to it.

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 [7]. As mentioned before, the absolute value of RCS is greatly affected by the object (here a human) postures. 
[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



It is necessary to note that most of the sensing use-cases detailed in [1] involve mobile objects. This necessitates considering channel models that include not only the mobility of the transmitter and receiver but also the mobility parameters of the mobile objects. This can be obtained through adding doppler effect due to the mobile object through Equations (7.5.25) and (7.5.22) in [3].

Observation 3: ISAC use-cases mostly involve tracking mobile sensing objects. 
Proposal 3: The channel model should consider Doppler effect from the object mobility parameters. 
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[bookmark: _heading=h.3znysh7]Figure 3: Fast fading channel model generation for communication and sensing.


Conclusion:
In this proposal we made the following observations and proposed approaches to address these observations accordingly. 
Observation 1: Communication channel model in TR38.901 lacks specific characteristics for sensing channel model.
Proposal 1: The channel model in TR38.901 needs to be modified in order to be used in sensing-related simulations. 

Observation 2: The RCS of objects is a non-constant value for each object.
Proposal 2: A distribution model of RCS in space should be considered in channel modeling. 

Observation 3: ISAC use-cases mostly involve tracking mobile sensing objects. 
Proposal 3: The channel model should consider Doppler effect from the object mobility parameters. 
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