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Introductions 
In the last meeting for the study on ISAC channel modelling in RAN1#116bis, the following agreements have been reached:
	Agreement
The following cases of radio propagation in the target channel are considered for the study

	Case
	Tx-target 
	Target-Rx 

	1
	LOS condition
	LOS condition

	2
	LOS condition
	NLOS condition

	3
	NLOS condition
	LOS condition

	4
	NLOS condition
	NLOS condition



· Case 1/2/3/4 can be considered for bistatic sensing mode
· At least Case 1/4 can be considered for monostatic sensing mode
· Note: It doesn’t imply the channel response for each link is separately generated then concatenated
· FFS how to determine LOS condition and NLOS condition, e.g., based on LOS probability, or determined based on geometrical locations of environment object (EO).
· In LOS condition, line of sight ray(s) are present between Tx/Rx and target, and there may or may not exist non-line of sight ray(s) between Tx/Rx and target too
· In NLOS condition, there only exist non-line of sight ray(s) between Tx/Rx and target.

Agreement
· In the target channel between Tx and Rx, scattering of a sensing target can be modelled as single scattering point or multiple scattering points 
· FFS one or multiple incoming/output rays corresponding to a scattering point
· FFS how to select single or multiple scattering points for the target, e.g. depending on the distance between target and Tx/Rx, size/shape of target, etc.
· Note: the sensing target can be assumed in far field of sensing Tx/Rx.
· FFS details to model the single or multiple scattering points.

Agreement
RCS of a physical object shows dependency to at least the following factors: 
· Type of the object
· The size of the object
· The material of the object
· The shape of the object
· Orientation of the object
· FFS: Distance between Tx/Rx and the object
· [bookmark: OLE_LINK39]The incident angle and scatter angle
· The carrier frequency
· polarization of the transmitter and receiver
· FFS Temporal or spatial consistency
· FFS antenna pattern
· FFS whether/how to model the above factors in the CR, e.g. with an RCS model with a scattering point

Agreement
EO is a non-target object with known location. 
· FFS other known parameters of the EO
· FFS details on EO modeling
The following options for EO modeling are considered for further study 
· Option 1: EO is modelled different from a sensing target 
· Applicable at least for an EO having extremely large size (referred as EO type-2 for discussion purpose) 
· FFS modeled similar to section 7.6.8 ground reflection in TR 38.901
· FFS EO modeling impacts the target channel and/or the background channel
· Option 2: EO is modeled same/similar as a sensing target
· Applicable for an EO having comparable physical characteristics as a sensing target, (referred as EO type-1 for discussion purpose)
· FFS Applicable for EO type-2
· FFS EO modeling impacts the target channel and/or the background channel
· Option 3: EO is modeled and its location is determined from a stochastic clutter generated following the cluster generation in TR 38.901
· FFS details
· Option 4: EO is not modelled
· Other options are not precluded
· Note: it is not precluded that multiple options can be supported in the channel modelling

Agreement
The following options are considered for further study to model the target channel for a target
· Option 1: modelled by concatenation of path(s) from Tx to target and from target to Rx
· Option 2: modelled by Tx-to-Rx path(s) satisfying Tx-target-Rx geometry
· Option 3: combination of Option 1 and Option 2

Agreement
[bookmark: OLE_LINK36]If a target is modelled with single scattering point, the following options to model RCS of the target are considered for further study.
· Option 1: Random RCS value generated by a statistical distribution, depending on the factor(s) having impacts on the RCS modelling. 
· FFS the distribution. 
· FFS the factor(s) 
· Option 2: Deterministic RCS value is defined by a function and/or a table, depending on the factor(s) having impacts on the RCS modelling 
· Note: Constant RCS for a target type can be a special case of Option 2
· FFS the factor(s)
· FFS details of function and/or table
· Option 3: combination of Option 1 & 2, e.g., RCS value is generated by combining a deterministic component and a randomly generated component.
· FFS application of each option to large scale fading and/or small scale fading
· FFS target with multiple scattering points

Agreement
· Interested companies are encouraged to submit validation results together with their proposal for ISAC channel modeling
· Up to each company to select the way for validation
· Option 1: Experimental results
· Option 2: Experimental results to validate a ray-tracing model, then the ray-tracing based results to validate the ISAC channel model
· Note: the layout of the scenario used for validation is up to company choice

Agreement
ISAC channel model for link level simulation is to be discussed after the system level channel model is sufficiently stable with basic functionalities. 


In this paper, we will present our views on ISAC channel modelling. Observations and proposals are put forward accordingly. 
Discussions 
Components of ISAC Channel Model
[image: ]
Fig.1 ISAC channel component diagram
[bookmark: OLE_LINK4][bookmark: OLE_LINK3]As shown in Fig.1, radio signal from the sensing signal transmitter will pass through at least four kinds of propagation path. The first is single-bounce reflection by sensing target. The second is twice/multi-bounce reflection, where the sensing target is in the first or last hop. The third is multi-bounce reflection and the sensing target is in the intermediate hop. The last propagation path is not influenced by sensing target and only interacts with environment. These four cases can be divided into two categories. One includes target-related components in the former three cases. Radio signal is affected by the sensing target. The other includes background components in the fourth case.  
In the third case, after more than two reflections, the radio signal is very weak. Considering sensing target’s effect is weakened by multiple hops, we suggest this kind of path can be ignored in target-related components or characterized by background components. Therefore, ISAC channel can be modeled with two main parts, i.e., target-related components and background components.
Observation1: ISAC channel can be divided into target-related components and background components.
· [bookmark: OLE_LINK19]Target-related components are composed of single-bounce reflection by sensing target, twice/multi-bounce reflection with sensing target in the the first or last hop, and multi-bounce reflection with sensing target in the intermediate hop.In target-related components, four kinds of propagation paths can be considered:
- Type 1: single-bounce reflection by sensing target (LOS ray+ LOS ray)
[bookmark: OLE_LINK22]- Type 2: twice-bounce reflection with sensing target in the first hop (LOS ray + NLOS cluster)
- Type 3: twice-bounce reflection with sensing target in the last hop (NLOS cluster + LOS ray)
- Type 4: multi-bounce reflection with sensing target in the intermediate hop (NLOS cluster + NLOS cluster)
· For background components, interactions with the environment targets other than sensing target on the sensing signal are mainly considered.

[bookmark: OLE_LINK1]Sensing Target Modelling
In last meeting, an agreement is reached that scattering of a sensing target can be modeled as single scattering point or multiple scattering points and the sensing target can be assumed in far field of sensing Tx/Rx. According to the scope of ISAC channel modelling described in the SID [1], there are five kinds of sensing targets:
· UAVs
· Humans indoors and outdoors 
· [bookmark: OLE_LINK5]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
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]There are many factors that may influence the selection of single or multiple scattering points for the target, e.g. depending on size/shape/materials of target, the distance between target and sensing Tx/Rx, sensing resolution, etc. If the shape and material of the target are not identical to the isotropic direction and the size of the target exceeds distance resolution or angle resolution, multiple scattering points can model the target more accurately.
[bookmark: OLE_LINK34]The theoretical formula of sensing distance resolution and angle resolution is presented in [2]. According to the typical configuration for Sub 6GHz and mmWave, values of sensing distance resolution and angle resolution are listed in the Table1. Considering the typical size of targets and proper frequency bands for different scenarios.
Table.1 Sensing resolution analysis
	Sensing resolution
	Formula
	Sub 6GHz
	mmWave

	Distance resolution
(Mono-static)
	[image: ]
	1.5m
(B=100MHz)
	0.375m
(B=400MHz)

	Distance resolution
(Bi-static)
	[image: ]
	>1.5m
(B=100MHz)
	>0.375m
(B=400MHz)

	Angle resolution
	[image: ]
	0.2215 rad
(D=8*0.5λ)
	0.111 rad
(D=16*0.5λ)



[bookmark: OLE_LINK30]Proposal1: Model sensing target as single point or multiple point as follows:
· single point for UAV in low altitude scene, humans outdoors, etc. 
· multiple point for automotive vehicles, automated guided vehicles, humans indoors, etc.

In last meeting, three options to model RCS of the target are agreed for further study. We prefer to adopt Option 2 as a starting point considering it can model RCS more realistically with the reflection of size/shape/materials of target and other factors. At least 8 factors are listed in the agreements of last meeting, that will make RCS modelling very complicated. More RCS measurement results should be provided. Among these factors, type of object, carrier frequency, incident angle and scatter angle should have higher priority.

[bookmark: OLE_LINK37][bookmark: _Hlk166276229]Proposal2: Option 2 should be at least considered for RCS modeling as a starting point. We suggest factors impacting RCS including type of object, carrier frequency incident angle and scatter angle should be studied with higher priority.

Environment Object Modelling
Modelling of environment object is a hot topic in last two RAN1 meetings and we have some concerns about the first three options to share. If EO channel is modeled, it may have overlap with stochastic clutters modeled by 38.901 for background, especially for EO type-2 having extremely large size. Some strategies should be proposed to reduce the impact, which can include power distribution and cluster number adjustment for target channel, EO channel and background channel. For Option 3, an additional process is brought in to get EO mapped from clusters in 38.901. If stochastic channel is generated for EO after getting EO, we think the gain for EO modelling is very limited.
[bookmark: OLE_LINK38]Proposal3: Strategies should be studied to resolve the overlap between EO channel and background channel, such as, power distribution and cluster number adjustment.

ISAC channel modelling of slow fading
2.4.1 Pathloss
The pathloss of the sensing signal is a combination of the pathloss from the sensing signal transmitter to the sensing target, the reflecting/scattering loss at the sensing target which usually is presented by RCS, and the pathloss from the sensing target to the sensing signal receiver.  Therefore, we can formulate the pathloss of ISAC channel as
,
[bookmark: OLE_LINK17]where  and  denote the pathloss from the sensing signal transmitter to the sensing target and the pathloss from the sensing target to the sensing signal receiver, respectively.  is the wavelength of the sensing signal, and  is the RCS of the sensing target. The pathloss  and   in different sensing scenarios like UMA-AVs, InH, Indoor-office, Indoor-factory, and highway, can use the corresponding pathloss formulations in TR 38.901, TR 37.885 and TR 36.777 as references. While when to apply current pathloss formulations in the literature, there are some constraints about the height of sensing target. Therefore, further modification and validation of the pathloss between sensing signal transmitter and sensing target, and the pathloss between sensing target and sensing signal receiver is necessary considering the sensing target height requirement. 
Proposal4: It is suggested to adopt the formula as a baseline to model the sensing pathloss. 
Proposal5: When to apply the current pathloss formulations in the literature like TR 38.901, TR 37.885 and TR 36.777 for sensing pathloss, FFS the case when the sensing target height is not fulfilled the application constraints.

2.4.2 LOS probability 
[bookmark: OLE_LINK8]The LOS/NLOS propagation situation of ISAC channel should be modeled for target-related components and background components, respectively. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK9]In Mono-static sensing mode, due to channel reciprocity, the LOS/NLOS states of Tx-target link and target-Rx link are the same for target-related components and there is no need to define LOS/NLOS state for background components.  
In Bi-static sensing mode, there is no correlation between the LOS/NLOS states of Tx-target link and target-Rx link and they can be set separately. Therefore, states of “Tx-target link + target-Rx link” can be LOS + LOS, LOS + NLOS, NLOS + LOS, NLOS + NLOS for target-related components. Moreover, LOS/NLOS state of Tx-Rx link also needs to be defined for background components. 
Therefore, one kind of LOS probability should be specified for ISAC channel of Mono-static sensing mode:
· [bookmark: OLE_LINK16][bookmark: OLE_LINK13][bookmark: OLE_LINK14]LOS probability of Tx/Rx-target link ( LOS/NLOS states of Tx-target and target-Rx are same)  
Two kinds of LOS probability should be designed for ISAC channel of Bi-static sensing mode:
· [bookmark: OLE_LINK12]LOS probability of Tx/Rx-target link ( LOS/NLOS states of Tx-target and target-Rx are different)  
· [bookmark: OLE_LINK15]LOS probability of Tx-Rx link
[bookmark: OLE_LINK31][bookmark: OLE_LINK10]Proposal6: LOS probability of Tx/Rx-target link and Tx-Rx link should be defined for each sensing scenarios like UMA-AVs, InH, Indoor-office, Indoor-factory, and highway. Existing LOS probability schemes in TR 38.901. TR 36.777, TR 37.885 can be used as references with further modification and validation. 
ISAC channel modelling of fast fading 
2.5.1 Target channel
Fast fading of target channel is modeled to describe the small scale characteristics of Tx-target link and target-Rx link for sensing scenario. There are 6 cases should be discussed. 
（1） LOS Tx-target link and LOS target-Rx link with Mono-static sensing mode
（2） NLOS Tx-target link and NLOS target-Rx link with Mono-static sensing mode
（3） [bookmark: OLE_LINK18]LOS Tx-target link and LOS target-Rx link with Bi-static sensing mode
（4） LOS Tx-target link and NLOS target-Rx link with Bi-static sensing mode
（5） NLOS Tx-target link and LOS target-Rx link with Bi-static sensing mode 
（6） NLOS Tx-target link and NLOS target-Rx link with Bi-static sensing mode
[bookmark: OLE_LINK21]In Mono-static sensing mode, there are only 2 cases with “LOS+LOS” and “NLOS+NLOS” for Tx-target link and target-Rx link, respectively. For LOS+LOS case, Type 1/2/3/4 propagation paths described in section 2.1 exist. For complexity reducing, we suggest the priority Type 1>2=3>4. For NLOS+NLOS case, only Type 4 exist. Due to channel reciprocity, we can consider that small scale characteristics of Tx-target link and target-Rx link are the same. Therefore, after generating Tx-target link’s small scale parameters, target-Rx link’s small scale parameters can also be derived.
In Bi-static sensing mode, there are 4 cases, that are “LOS+LOS”, “LOS+NLOS”, “NLOS+LOS”, and “NLOS+NLOS” for Tx-target link and target-Rx link, respectively. For LOS+LOS case, Type 1/2/3/4 exist. To reduce the complexity, we suggest the priority Type 1>2=3>4. For LOS+NLOS case, Type 2/4 exist. For NLOS+LOS case, Type 3/4 exist. For NLOS+NLOS case, only Type 4 exists. Small scale parameters of Tx-target link and target-Rx link should be generated separately.
[bookmark: OLE_LINK29][bookmark: OLE_LINK2]The number of Tx-target link and target-Rx link clusters  can set to control the type of propagation paths of target channel as shown in Table.1. Other small scale parameters, such as delay spread, angel spread, number of rays, intra-cluster delay and angel spread, can take steps 4-10 in TR 38.901 chapter 7.1 as reference. Specific formulas and numerical values need further study and validation according to the characteristics of the target, such as target size, shape, material, etc.
[bookmark: OLE_LINK35]Table.2 Propagation type of different link state
	Link State
	
	
	Propagation Type
	Sensing mode

	LOS+LOS
	1
	1
	Type 1
	Mono-static/Bi-static

	
	>1
	>1
	Type 1/2/3/4
	Mono-static/Bi-static

	
	1
	>1
	Type 1/2
	Bi-static

	
	>1
	1
	Type 1/3
	Bi-static

	LOS+NLOS
	1
	[bookmark: OLE_LINK24]≥1
	Type 2
	Bi-static

	
	>1
	≥1
	Type 2/4
	Bi-static

	NLOS+LOS
	≥1
	1
	Type 3
	Bi-static

	
	[bookmark: OLE_LINK25]≥1
	>1
	Type 3/4
	Bi-static

	NLOS+NLOS
	≥1
	≥1
	Type 4
	Mono-static/Bi-static



[bookmark: OLE_LINK26][bookmark: OLE_LINK32]Proposal7: We suggest to define the cluster number of Tx-target link and target-Rx link. The specific values require further study according to scenario and target features.
Proposal8: Small scale parameters, such as delay spread, angel spread, number of rays, intra-cluster delay and angel spread, need further study and validation according to the characteristics of the target, such as target size, shape, material, etc.
After setting small scale parameters of Tx-target link and target-Rx link, concatenation of the two links should be executed for channel coefficient generation. Methods for channel concatenation are summarized with the following options[4]. 
Option 1: Couple the LOS ray of Tx-target link and the LOS ray of target-Rx link, 1-by-1 randomly couple the NLOS clusters of Tx-target link and the NLOS clusters of target-Rx link, and generate channel coefficients for Tx-target-Rx link based on the concatenated small scale parameters of Tx-target link and target-Rx link.
Option 2: Fully couple the LOS ray and all the NLOS clusters of Tx-target link to the LOS ray and all the NLOS clusters of target-Rx link, and generate channel coefficient for Tx-target-Rx link based on the concatenated small scale parameters of Tx-target link and target-Rx link.
Option 3: Generate channel coefficients for the Tx-target link and target-Rx link respectively, and generate channel coefficients for Tx-target-Rx link by convoluting the channel coefficients of the Tx-target link and target-Rx link.
Option 4: Consider only LOS ray(s) in both Tx-target link and target-Rx link, and generate channel coefficient for Tx-target-Rx link based on the concatenated small scale parameters of Tx-target link and target-Rx link.
Considering the accuracy and the complexity, Option 1 is a compromised choice. While the scenario of   should be refined. An applicable solution is to couple the redundant clusters with the NLOS clusters of the other link randomly. This implies that it would be not a strict 1-by-1 randomly coupling. As a result, the number of NLOS clusters is .
Proposal9: 
（1） For LOS+LOS case, couple the LOS ray of Tx-target link and the LOS ray of target-Rx link, 1-by-1 or 1-by-mutiple randomly couple the NLOS clusters of Tx-target link and the NLOS clusters of target-Rx link according to relationship of . 
（2） For NLOS+NLOS case, 1-by-1 or 1-by-mutiple randomly couple the NLOS clusters of Tx-target link and the NLOS clusters of target-Rx link according to relationship of . 
（3） For LOS+NLOS or NLOS+LOS case, couple the LOS ray with one of the strongest rays in the other link, 1-by-1 or 1-by-mutiple randomly couple the NLOS clusters of Tx-target link and the NLOS clusters of target-Rx link according to relationship of . 
（4） Generate channel coefficient for Tx-target-Rx link based on the concatenated small scale parameters of Tx-target link and target-Rx link.

2.5.2 Background channel
[bookmark: OLE_LINK27]Background components include interactions with the environment targets except sensing target on the sensing signal. For Bi-static sensing mode, we can reuse the stochastic model of TR 38.901 to generate its background components, with modification of the fading channel parameters for sensing purpose. For Mono-static sensing mode, two options can be considered for its background components generation:
[bookmark: OLE_LINK28]Option 1: Generate the environment targets first and then model the channels between sensing signal transceiver and environment targets by following the channel modelling procedure in TR 38.901 as background components. 
Option 2: reuse the stochastic model of TR 38.901 by adding channel parameters related to Mono-static sensing mode. 
Proposal10: The stochastic model of TR 38.901 can be reused to generate its background components, with modification of the fading channel parameters for sensing purpose. 

Conclusions
In this contribution, we have presented our considerations on the ISAC channel modelling of slow fading and fast fading, and put forward the following observations and proposals:

Observation1: ISAC channel can be divided into target-related components and background components.
· Target-related components are composed of single-bounce reflection by sensing target, twice/multi-bounce reflection with sensing target in the the first or last hop, and multi-bounce reflection with sensing target in the intermediate hop.In target-related components, four kinds of propagation paths can be considered:
- Type 1: single-bounce reflection by sensing target (LOS ray+ LOS ray)
- Type 2: twice-bounce reflection with sensing target in the first hop (LOS ray + NLOS cluster)
- Type 3: twice-bounce reflection with sensing target in the last hop (NLOS cluster + LOS ray)
- Type 4: multi-bounce reflection with sensing target in the intermediate hop (NLOS cluster + NLOS cluster)
· For background components, interactions with the environment targets other than sensing target on the sensing signal are mainly considered.
Proposal1: Model sensing target as single point or multiple point as follows:
· single point for UAV in low altitude scene, human outdoors, etc. 
· multiple point for automotive vehicles, automated guided vehicles, human indoor, etc.
Proposal2: Option 2 should be at least considered for RCS modeling as a starting point. We suggest factors impacting RCS including type of object, carrier frequency incident angle and scatter angle should be studied with higher priority.
Proposal3: Strategies should be studied to resolve the overlap between EO channel and background channel, such as, power distribution and cluster number adjustment.
Proposal4: It is suggested to adopt the formula as a baseline to model the sensing pathloss. 
Proposal5: When to apply the current pathloss formulations in the literature like TR 38.901, TR 37.885 and TR 36.777 for sensing pathloss, FFS the case when the sensing target height is not fulfilled the application constraints.
Proposal6: LOS probability of Tx/Rx-target link and Tx-Rx link should be defined for each sensing scenarios like UMA-AVs, InH, Indoor-office, Indoor-factory, and highway. Existing LOS probability schemes in TR 38.901. TR 36.777, TR 37.885 can be used as references with further modification and validation. 
Proposal7: We suggest to define the cluster number of Tx-target link and target-Rx link. The specific values require further study according to scenario and target features.
Proposal8: Small scale parameters, such as delay spread, angel spread, number of rays, intra-cluster delay and angel spread, need further study and validation according to the characteristics of the target, such as target size, shape, material, etc.
Proposal9: 
For LOS+LOS case, couple the LOS ray of Tx-target link and the LOS ray of target-Rx link, 1-by-1 or 1-by-mutiple randomly couple the NLOS clusters of Tx-target link and the NLOS clusters of target-Rx link according to relationship of . 
For NLOS+NLOS case, 1-by-1 or 1-by-mutiple randomly couple the NLOS clusters of Tx-target link and the NLOS clusters of target-Rx link according to relationship of . 
For LOS+NLOS or NLOS+LOS case, couple the LOS ray with one of the strongest rays in the other link, 1-by-1 or 1-by-mutiple randomly couple the NLOS clusters of Tx-target link and the NLOS clusters of target-Rx link according to relationship of . 
Generate channel coefficient for Tx-target-Rx link based on the concatenated small scale parameters of Tx-target link and target-Rx link.

Proposal10: The stochastic model of TR 38.901 can be reused to generate its background components, with modification of the fading channel parameters for sensing purpose.
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