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1. Introduction
According to the SI for Release 19 [1], the objective of this SI is as follows: 
	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.


The following agreements were made in RAN1#116:
	Agreement
The common framework for ISAC channel model is composed of a component of target channel and a component of background channel, 

· Target channel  includes all [multipath] components impacted by the sensing target(s). 
· FFS details of the target channel 
· Background channel  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



In this contribution, we discuss some viewpoints of ISAC channel modeling. 
2. Sensing channel
New parameters for sensing channel are generated after the general parameters such as LOS probability, root mean square delay spread, root mean angular spread, power, delay, arrival and departure angles are generated as in the current 3GPP model. Similar to communication channel with communication clusters, there are sensing clusters in the sensing channel. The size and type of scatters determine the distribution of multipath components. Pathloss and shadowing fading are calculated for each sensing cluster then applied to each ray in the cluster. Based on the below parameters and applying cross polarization power ratios as the communication channel, channel coefficient for the sensing cluster in time domain are generated with the field patterns of the receiving and transmitting antennas (the azimuth angle of departure, zenith angle of departure, azimuth angle of arrival and zenith angle of arrival) for each ray in each cluster. The procedure is shown in Figure 1 where the highlighted squares show the modification in the procedure compared to the current procedure in TR39.901 to generate the coefficients for the sensing channel.
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[bookmark: _Ref162429410]Figure 1. Channel coefficients generation procedure for communication and sensing channels.
2.1. Echo angle
Echo angle is the arrival angle of the echo signal at the sensing antenna. Echo spread angle can be used to represent the characters of the scatter such as shape, type, size. Echo angle is generated for each ray of each sensing cluster.
2.2. Radio cross-section (RCS)
RCS represents the radio wave scattering characteristic of an object. RCS of the sensing target affects the echo signal from the target to the transmitter. RCS of the objects varies with the features, characters of the objects in different environments, the arriving angle of the signal and also with the frequency of the signal. RCS is generated via the pre-defined probability distribution function for each ray of each sensing cluster. The mean value of radio cross-section is generated from a pre-defined uniform distribution. The range of the mean value of radio cross-section for the objects in each scenario such as cars, pedestrians for the automotive vehicle use cases, UAV for the UAV use cases, etc. should be studied on frequencies from 0.5 to 52.6 GHz. RCS is used to calculate reflection coefficient that is used to calculate the received echo signal. 
The simplest model is to use a single point model. A point on the sensing target is used as an ideal scattering point to represent the sensing target and the amplitude and position of the scattering point are modelled as constants. The size of the targets and type of channel determine the number of the points used to model RCS. For big targets in fast fading channel, multiple points can be used to model RCS where all the points have the same RCS value or each point has its own value.
RCS attributes to pathloss where a higher RCS make more power reflected so pathloss is smaller. The pathloss can be calculated as:

where d is the distance of the transceiver in meters, n is the path loss coefficient considering d, m is the coefficient considering different frequency f, A is the intercept,  represents the shadowing term and  is the RCS of the sensing target.
RCS of the same object might also be different in monostatic and bistatic modes that requires the measurements to determine RCS in different modes.
[bookmark: _Ref158910691][bookmark: _Ref162627864]Proposal 1: A single point model is the starting point to model RCS. It is extended to multiple points based on the size of the targets and fading channel. 
[bookmark: _Ref162627866]Proposal 2: In multiple point model, all points of the target have the same RCS value or each point has its own value.
[bookmark: _Ref162627868]Proposal 3: The mean value of radio cross-section is generated from a pre-defined uniform distribution. RCS attributes to pathloss.
[bookmark: _Ref158910692]Proposal 4: The small-scale parameters for the sensing channel such as RCS, echo angles, cross power ratio are generated after the general parameters are generated. Subsequently, channel coefficient for the sensing channel is generated then pathloss is calculated for each sensing cluster.
2.3. LOS probability
Based on user parameters such as type of environment, the locations of the base station and the UE, speed and direction of the UE, antenna configuration, LOS can be calculated as in the current models in 3GPP such as UMa, UMi, RMa, Indoor Office and InF in TR 38.901, V2X in TR 37.885, RMa-AV, UMa-AV and UMi-AV in TR 36.777.
[bookmark: _Ref162627872]Proposal 5: LOS probability is generated as the current models in TR 38.901, TR 37.885, TR 36.777.
2.4. Target and background channel models
Background channel model is based on the current model in TR38.901. For the target channel, the small-scale parameters of the rays in the Tx-target link and the target-Rx link are coupled in 1-1 mapping then the coupled small-scale parameters are used to generate channel coefficient for the Tx-Rx link. 
[bookmark: _Ref162627873]Proposal 6: Background channel is generated from the channel model in TR 38.901.
[bookmark: _Ref162627875]Proposal 7: For target channel, the small-scale parameters of the rays in the Tx-target and Rx-target links are coupled in 1-1 mapping. The channel coefficient for the Tx-Rx link is generated from the coupled parameters.
3. Conclusions
In this contribution, the following proposals are put forward:
Proposal 1: A single point model is the starting point to model RCS. It is extended to multiple points based on the size of the targets and fading channel.
Proposal 2: In multiple point model, all points of the target have the same RCS value or each point has its own value.
[bookmark: _GoBack]Proposal 3: The mean value of radio cross-section is generated from a pre-defined uniform distribution. RCS attributes to pathloss.
Proposal 4: The small-scale parameters for the sensing channel such as RCS, echo angles, cross power ratio are generated after the general parameters are generated. Subsequently, channel coefficient for the sensing channel is generated then pathloss is calculated for each sensing cluster.
Proposal 5: LOS probability is generated as the current models in TR 38.901, TR 37.885, TR 36.777.
Proposal 6: Background channel is generated from the channel model in TR 38.901.
Proposal 7: For target channel, the small-scale parameters of the rays in the Tx-target and Rx-target links are coupled in 1-1 mapping. The channel coefficient for the Tx-Rx link is generated from the coupled parameters.
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