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[bookmark: _Ref124589705][bookmark: _Ref129681862]1	Introduction
[bookmark: _GoBack]At present, researches on integrated sensing and communication (ISAC) mostly focus on aspects of the transmit waveform structure design, beamforming algorithm design, and receive signal processing algorithm design, and there is still a lack of research on channel modeling. It is important to establish an effective channel model for system evaluations and optimizations in ISAC systems. A sixth-generation (6G) pervasive channel model (6GPCM) exhibits good scalability and compatibility, which can be simplified as an ISAC channel model for specific frequency bands and scenarios [1].
2	Discussion
We now discuss a novel ISAC channel modeling method combining forward scattering and backward scattering.
2.1   Definition of the scenes 
ISAC refers to an integration of wireless communications and wireless sensing systems, achieving high-precision sensing and high-quality communication simultaneously with an efficient reuse of space-time-frequency resources. Due to the shared parameters between the sensing and communication channels, the introduction of the sensing channel can reduce resources like pilot overhead in communication channel estimation.

2.2   Channel model 
Proposal 1: Discuss the channel model for ISAC systems.

A novel ISAC channel model should be developed to simultaneously include both communication and sensing channels [2], which are also considered in the 6GPCM. Besides considering the non-stationary feature, characteristics of the sensing channel such as forward scattering and backward scattering are also introduced, as shown in Fig. 1. Forward scattering refers to those with the scattering angle less than 90° relative to the incident direction of electromagnetic wave. Otherwise, the scatterers are defined as backward scattering. Utilizing the correlation between the sensing and communication channels, a more precise communication channel model within the ISAC system can be established.
[image: ]
Fig.1 ISAC channel model.


Proposal 2: Update sensing channel model for ISAC system.

The mono-static sensing method employs backscatter sensing to acquire information about the scatterer, such as distance, angle, and motion parameters, thereby enhancing the communication channel model. Due to the imitation of the radar operation mechanism, the sensing channel model proposed here is a single bounce model, where the path from the ISAC base station (BS) to the target or scatterer is immediately backscattered to the ISAC BS. Therefore, the paths between the target(s) and the environment object are ignored. The sensing channel impulse response (CIR) can be divided into two parts, i.e., communication terminal target sensing echo CIR and scatterers sensing echo CIR in the environment. The sensing CIR can be denoted as

,
where the first term and the second term at the right side of the equation denote the sensing CIR of the communication terminal and the sensing CIR of the environmental scatterers, respectively. Here,  denotes a total number of backward scattering clusters between the p-th transmitting antenna element and the u-th receiving antenna element at the time instant t,  denotes a total number of scatterers in the l-th cluster,  denotes a power attenuation factor between the base station and the communication terminal, and  denotes a power attenuation factor between the base station and the environmental scatterers. The symbol  denotes the carrier frequency, and  and  denote Doppler frequency shifts caused by movements of the communication terminal and the scatterers, respectively. The symbol  denotes the echo delay between the base station and the communication terminal,  denotes the echo delay between the base station and the environmental scatterers,  denotes the antenna steering vector in a case where the azimuth angle of the communication terminal relative to the base station is  and the elevation angle of the communication terminal relative to the base station is . The symbol  denotes the antenna steering vector in a case where the azimuth angle of the scatterers relative to the base station is  and the elevation angle of the scatterers relative to the base station is . Note that the parameters of environmental scatterers are generated randomly, including the delay , velocity of scatterer , and angle parameters ,  [1]. These parameters can be shared in the backward scattering components of communication channel model in Proposal 3.


Proposal 3: Update communication channel model for ISAC system.

The communication CIR  can be obtained by adding line-of-sight (LOS), forward scattering, and backward scattering parts in the way of probability weighted summation. The  is expressed as
,
where  denotes the Rice K factor, ，, and  denote the probabilities of the LOS component, the forward scattering component, and the backward scattering component, respectively. Here, ，, and  denote the CIR of the LOS component, the forward scattering component, and the backward scattering component, respectively. The existence probability of the LOS path  is modeled according to a specific scenario based on a 3GPP TR 38.901 [3]. According to the number of clusters and the number of sub-paths within the clusters corresponding to the forward scattering component and the backward scattering component, the probabilities corresponding to the forward scattering component and the backward scattering component are determined. The probability corresponding to the forward scattering component is
.
The probability corresponding to the backward scattering component is
.
The LOS component can be expressed as


where  means transposition operation,  and  denote the vertical (horizontal) polarization of antennas, respectively. Symbols  and  are the initial phases uniformly distributed in , and  is the delay of LOS path at time .

The forward scattering components  can be determined by


where , , , and  are uniformly distributed random phases over (0,],  is the cross polarization power ratio,  and  represent the power and time delay of -th ray in -th path at time, respectively.
The backward scattering components  can be determined by
,

where , , , and  are uniformly distributed random phases over (0,],  is the cross polarization power ratio,  and  represent the power and time delay of th ray in th path at time , respectively. The delay can be calculated as , where  represents the delay between the first-bounce (last-bounce) scatterer and the ISAC BS (Rx) of the th ray,  is the delay between the first-bounce scatterer and the last-bounce scatterer. The azimuth angle and elevation angle of departure (arrival) for the -th sub-path within the -th backward scattering cluster are denoted as  and , respectively.


Proposal 4: Discuss correlations between sensing channel and communication channel.

The backward scattering components include all scatterers that can be sensed by the sensing channel, and the parameters of these scatterers can be provided directly by sensing system. Since a LOS path is necessary between the sensed object and the ISAC BS, for the paths with multi-bounce clusters, only the information from first-bounce clusters of the communication channel model on the ISAC BS side can be sensed. So that first-bounce clusters parameters of backward scattering paths in communication channel model can be provided by the sensing, including , , and the delay . Furthermore, if the LOS path between ISAC BS and Rx exists, the position and motion parameters of Rx can also be determined by the parameters provided by sensing channel, i.e., , , . By leveraging the correlation between sensing and communication channels, resources like pilot overhead can be conserved in channel estimation.
 
3	Conclusion
In this contribution, we have discussed a novel 6G ISAC channel model combining forward and backward scattering. The proposals are as follows:
Proposal 1: Discuss the channel model for ISAC systems.
Proposal 2: Update sensing channel model for ISAC system.
Proposal 3: Update communication channel model for ISAC system.
Proposal 4: Discuss correlations between the sensing channel and communication channel.
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