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Introductions 
In the first meeting for the study on ISAC channel modelling in RAN1#116, the following agreements have been reached:
	[bookmark: _Hlk160045944]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 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.
· 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.
· For background components, interactions with the environment targets other than sensing target on the sensing signal are mainly considered.
Proposal1: ISAC channel can be modeled as two main parts, i.e., target-related components and background components.
· [bookmark: OLE_LINK19]In target-related components, we suggest to consider four kinds of propagation paths:
- Type 1: single-bounce reflection by sensing target (LOS cluster + LOS cluster)
[bookmark: OLE_LINK22]- Type 2: twice-bounce reflection with sensing target in the first hop (LOS cluster + NLOS cluster)
- Type 3: twice-bounce reflection with sensing target in the last hop (NLOS cluster + LOS cluster)
- Type 4: multi-bounce reflection with sensing target in the intermediate hop (NLOS cluster + NLOS cluster)
· In background components, interactions with the environment targets other than sensing target on the sensing signal are mainly considered.

[bookmark: OLE_LINK1]Sensing Target Modelling
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_LINK7][bookmark: OLE_LINK6]These objects maybe in the far-field for some cases, such as UAV in low altitude scene, human outdoors, etc. But in other cases, these are in the near-field, such as automotive vehicles, automated guided vehicles, human indoor etc. For far-field, sensing target can be modeled as single point. For near-field, sensing target can be modeled as multiple point.
[bookmark: OLE_LINK30]Proposal2: Model sensing target as single point or multiple point according the scenario.
· single point for UAV in low altitude scene, human outdoors, etc. 
· multiple point for automotive vehicles, automated guided vehicles, human indoor etc.

As for RCS, there usually are three ways to model it[2]:
（1） modelling RCS as a fixed value, which differs with the materials of sensing targets;
（2） modelling RCS as a variable following a given distribution, like random distribution and Rayleigh distribution;
（3） modelling RCS related to its shape and the arrival angle. 
We can model RCS as a fixed value at least in this study, as a starting point for the sensing channel modelling of slow fading. 
Proposal3: Model RCS as a fixed value at least in this study, as a starting point for the sensing channel modelling of slow fading. 

ISAC channel modelling of slow fading
2.3.1 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.

2.3.2 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 
2.4.1 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.
Table.1 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[3]. 
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: 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.

2.4.2 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.
· For background components, interactions with the environment targets other than sensing target on the sensing signal are mainly considered.
Proposal1: ISAC channel can be modeled as two main parts, i.e., target-related components and background components.
· In target-related components, we suggest to consider four kinds of propagation paths:
- Type 1: single-bounce reflection by sensing target (LOS cluster + LOS cluster)
- Type 2: twice-bounce reflection with sensing target in the first hop (LOS cluster + NLOS cluster)
- Type 3: twice-bounce reflection with sensing target in the last hop (NLOS cluster + LOS cluster)
- Type 4: multi-bounce reflection with sensing target in the intermediate hop (NLOS cluster + NLOS cluster)
· In background components, interactions with the environment targets other than sensing target on the sensing signal are mainly considered.
Proposal2: Model sensing target as single point or multiple point according the scenario.
· single point for UAV in low altitude scene, human outdoors, etc. 
· multiple point for automotive vehicles, automated guided vehicles, human indoor etc.
Proposal3: Model RCS as a fixed value at least in this study, as a starting point for the sensing channel modelling of slow fading. 
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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