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1. Introduction
The 3GPP SA1 have recently concluded a feasibility study on integrated sensing and communication (ISAC), from the perspective of potential use-cases, expected service KPIs and functional requirements, with the outcome captured in  3GPP TS 22.137 [3], with 32 use-cases of sensing service detailed in 3GPP TR 22.837 [2]. In order to facilitate evaluation of the performance, required resources, for potential ISAC solutions, the channel modelling shall be developed to reflect physical characteristics of a sensing target interacting with the propagated radio signal. As such, a new SID for study of channel modeling for ISAC [4] has been agreed in RAN #102, with the following objectives:
	The focus of the study is to define channel modelling aspects to support object detection and/or tracking (as per the SA1 meaning in TS 22.137). 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.

It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.



The envisioned sensing modes are defined in Figure 1 for future reference.
[image: ]
[bookmark: _Ref163212584]Figure 1. Sensing modes, each defined with a sensing signal transmitter (a sensing Tx node as a UE or a TRP) and a sensing signal receiver (sensing Rx node as a UE or TRP), including TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic.

1.1. Agreements of RAN1#116
ISAC deployment scenarios
	Agreement
For progressing ISAC study, the following sensing targets and existing communication scenarios will be considered as a starting point:
· Note1: the table below does not imply that the sensing target will be placed at positions defined for UEs and BSs in the scenarios in the right column.
· Note2: the table below does not imply that UEs are necessarily placed at positions defined for UEs in the scenarios in the right column.
· Note3: the existing communication scenarios are listed with the intent to use the evaluation parameters defined for those scenarios, as a starting point.

	Sensing Targets
	scenarios 

	UAVs
	RMa-AV, UMa-AV, UMi-AV (TR 36.777) 

	Humans indoors
	InF, Indoor Office, [Indoor Room (TR 38.808)], [UMi, UMa]

	Humans outdoors
	UMi, UMa, [RMa]

	Automotive vehicles (at least outdoors)
	Highway, Urban grid, UMa, UMi, RMa

	Automated guided vehicles (e.g. in indoor factories)
	InF

	Objects creating hazards on roads/railways (examples defined in TR 22.837)
	Highway, Urban grid, HST







	Agreement
For ISAC channel modelling, RAN1 uses the sensing related terminology as defined in TS22.137 or TR22.837 as a starting point for discussion purposes with the following definitions: 
1. Sensing transmitter: the TRP or a UE that sends out the sensing signal which the sensing service will use in its operation. A sensing transmitter can be located in the same or different TRP or a UE as the sensing receiver.
1. Sensing receiver: the TRP or a UE that receives the sensing signal which the sensing service will use in its operation. A sensing receiver can be located in the same or different TRP or a UE as the sensing transmitter.
1. Sensing target: target that need to be sensed by deriving characteristics of the objects within the environment from the sensing signal.
1. Background environment: background (clutter and/or environmental objects) that are not the sensing target(s).
1. Mono-static sensing: sensing where the sensing transmitter and sensing receiver are co-located in the same TRP or UE.  
1. Bi-static sensing: sensing where the sensing transmitter and sensing receiver are in different TRPs or UEs. 
1. Multi-static sensing: sensing where there are multiple sensing transmitters and/or multiple sensing receivers, for a sensing target.
1. Sensing signal: Transmissions on the 3GPP radio interface that can be used for sensing purposes.




ISAC channel modelling
	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 propose additional details on modeling of the ISAC channel modeling blocks, including a high level ISAC modeling procedure, modeling of the sensing target channel, background channel, as well as further considerations on the ISAC channel temporal and spatial consistency, validation and calibration. 

2. General Considerations for ISAC Channel Modelling
An ISAC channel model shall represent, with sufficient consistency, the impact of one or multiple sensing targets with pre-determined physical characteristics (e.g., object’s position, size/shape, material type, orientation, velocity, heading, etc.), the impact of the environment object/clutter, as well as the interaction between the sensing target and the background environment in terms of the electromagnetic waves propagating from a sensing Tx to a sensing Rx node. As agreed in RAN1#116, ISAC channel can be separated into the paths impacted by the one or multiple sensing targets, i.e., target channel, and the paths associated with the background/environment and not impacted by the sensing target, i.e., background channel. In order to further clarify and simplify the discussions going forward, it is proposed that terminology related to the ISAC channel and environment object be further defined. In addition, the initial background channel can be further defined to clarify the channel at the absence of the sensing targets.  Please note that the initial background channel, in addition to the paths of the background channel, includes the paths which are present in the absence of a target object, but later impacted (e.g., blocked/obstructed) by the target .  
[bookmark: _Toc163213446][bookmark: _Toc163213815]Proposal 1. The following definitions can be adopted to better describe the ISAC channel modelling elements in the follow up discussions, considering a sensing transmission point (sensing Tx) and a sensing reception point (sensing Rx)
· ISAC channel: the propagation channel between the sensing Tx node and the sensing Rx node comprising one or more sensing target objects as well as the background/environment where the target objects are present;
· Environment object (EO): objects as part of the background environment with known physical characteristics (e.g., location, physical dimension etc.).  
· Initial background channel: the propagation channel between the sensing Tx node and the sensing Rx node in the absence of the sensing targets; 

In order to make best use of the work done in [1], in terms of the available modelling methodologies, as well as to utilize the synergy between the ISAC channel modelling study and the other channel modelling studies (e.g., agenda item 9.8, study of channel modelling for 7-24 GHz), it is of interest to utilize [1] for modelling of the background/environment channel of different ISAC scenarios. Nevertheless, the addition of the sensing targets (as well as EOs) to a background environment is not trivial, as the presence of an additional object may impact/modify the observed statistics of the environment. In particular, for the addition of (one or multiple) sensing targets or EOs to an environment scenario, the following two approaches are envisioned:
· Option 1. Assuming the sensing target (or EOs), with pre-determined physical characteristics, as an integral part of the said environment. 
· Option 2. Assuming an initial background environment and augmenting the target object (or EOs) as an external “add-on”. 

In Option 1, the target/EO is considered as an integral part of the environment. Nevertheless, this approach invalidates the available statistical models in [1, Subsection 7.5], as introducing a condition (of presence of the said target) on the marginal distribution of the channel. E.g., the conditional UMa environment statistics assuming an automotive vehicle at location X, or a wall at location Y is not equivalent to the initial UMa environment statistics. In contrast, in Option 2, the background/environment channel statistics as proposed in [1, Subsection 7.5] can be utilized, as the target/object is considered as an external object added to an initially generated environment. Nevertheless, mutual impact of the sensing target/EO and environment (e.g., additional blockage effect) needs to be further taken into account, as the said target is not an integral part of the environment.
[bookmark: _Toc163213387][bookmark: _Toc163213610]Observation  1. Considering the sensing target object or EOs with pre-determined characteristics as an integral part of the background environment, as proposed in Option 1, invalidates the statistical modelling of [1, Subsection 7.5].  
[bookmark: _Toc163213388][bookmark: _Toc163213611]Observation  2. Considering the sensing target object or EOs as an external add-on to an initial background/environment channel, as in Option 2, facilitates utilizing [1, Subsection 7.5] for the initial background/environment channel generation. However, as the target/EO is not an integral part of the background environment, the mutual impact (e.g., blockage) of the sensing target and environment needs to be further taken into account. 
[bookmark: _Toc163213447][bookmark: _Toc163213816]Proposal 2. Consider the sensing target (and if considered, EOs) as an external add-on object to an initial background/environment channel and further study modelling the interactions between the background/environment and the sensing targets.

The variation of prominent path types, regarding the path association to one or more sensing targets, environment object/clutters, ray/path obstruction/blockage, as well as the potential interactions between the targets or clutter/EOs are depicted in Error! Reference source not found.. 
[image: ]
[bookmark: _Ref163000053][bookmark: _Ref163249931]Figure 2. Path type variations within an ISAC channel, including multiple targets and environment object (EO) or clutters.

Table 1. The prominent path types/phenomena and their sensing significance.
	Path#
	Channel belonging
	Description/phenomena
	Sensing significance (e.g., contain valuable sensing target info)
	Expected Energy impact
on the ISAC channel

	P#0
	Background channel
	Path not interacted by the sensing target, single order reflection
	-
	High

	P#1
	Background channel
	Path not interacted by the sensing target, two or higher order reflection
	-
	Low/medium

	P#2
	Target channel
	Path experiencing a Tx-target-Clutter/EO-Rx pathway (at least two object reflection/interactions)
	Target presence with high ambiguity (low)
	Low/medium

	P#3
	Target channel
	Path experiencing a Tx-Clutter/EO-Clutter/EO-target-Rx pathway (at least three object reflection/interactions)
	Target presence, angle of arrival (low/medium)
	low

	P#4
	Target channel
	Path experiencing a Tx-blockage by the target-Rx (direct Tx-Rx path blockage)
	Target presence along the LOS (medium/high)
	High

	P#5
	Target channel
	Path experiencing a Tx-Clutter/EO-target-Rx pathway (at least two object reflection/interactions)
	Target presence/angle of arrival (medium)
	low

	P#6
	Target channel
	Path experiencing a Tx-target-Rx pathway (single order target interaction)
	Target presence, location, velocity (angle, time/delay, doppler information associated with target) (high)
	Low/medium

	P#7
	Target channel
	Path experiencing a Tx-Clutter/EO-target blockage-Rx pathway (a blockage reflective path by target)
	Target presence at the blocked pathway (medium)
	Low/medium

	P#8
	Target channel
	Path experiencing a Tx-Clutter/EO blockage-Target (blocked Tx-target path)
	Impaired sensing operation (high)
	Low/medium



From the above, it is observed that different path types/phenomena contribute with different energy/power to the ISAC channel. Moreover, different path types lead to different levels of useful observations of the sensing target at the sensing Rx node, i.e., containing different levels of the useful sensing data. As such, it would be reasonable to prioritize the channel modelling study based on the impact/significance of a path type/phenomena in the sensing operation as well as the overall ISAC channel power contribution.   
[bookmark: _Toc163213389][bookmark: _Toc163213612]Observation  3. Different path types/phenomena contribute differently in the overall ISAC channel strength/power and contribute differently in the useful observable sensing target information at the sensing Rx node.  
[bookmark: _Toc163213448][bookmark: _Toc163213817]Proposal 3. study with a higher priority modelling of the path types/effects that inform sensing Rx of useful sensing information and with higher energy impact to the overall ISAC channel. In particular, the modelling of depicted P#4 - P#8 can be treated with a higher priority.
[bookmark: _Toc163213449][bookmark: _Toc163213818]Proposal 4. the modelling of the paths including higher than two explicit interactions (e.g., reflection(s)), diffraction/blockage) can be deprioritized for the study of ISAC channel model.
It is further observed that the paths of the initial background channel, i.e., the channel without targets presence, correspond to paths of the background/environment channel, when the said paths are not impacted/blocked by the target (e.g., P#0, P#1), or paths of the target channel (e.g., P#4, P#7), when the sensing target collides with a path of the initial background channel. As such, related paths of the background channel as well as the target channel can be obtained by first generating the paths of the initial background channel, and subsequently introduce the impact of the sensing targets. 
[bookmark: _Toc163213390][bookmark: _Toc163213613]Observation  4. The paths of the initial background channel, i.e., the channel without targets presence, lead to both paths of the background/environment channel, when the said paths are not impacted/blocked by the target (e.g., P#0, P#1), or paths of the target channel (e.g., P#4, P#7), when the sensing target collides with a path of the initial background channel. 
[bookmark: _Toc163213450][bookmark: _Toc163213819]Proposal 5. A high-level procedure as described in Figure 3. High level procedure to generate the ISAC channel. Figure 1 can be utilized to generate the ISAC channel, as superposition of the background channel and the target channel. 

[image: ]
[bookmark: _Ref163213060][bookmark: _Ref163212553]Figure 3. High level procedure to generate the ISAC channel.

3. Modelling of the Target Channel
The target channel is intended to represent all paths, initiated from the sensing Tx node and terminated at the sensing Rx node, which are impacted by the one or multiple sensing targets. As such, the target channel includes paths of single-hop reflection/impact from the target (e.g., P#4, P#6), the paths including multiple target or clutter/EO impacts (P#2, P#5, P#7). 
2. 
3. 
3.1. Target channel with single hop [e.g., P#4, P#5]
A target channel, including a single hop target impact/reflection can be modelled as one or more semi-deterministic ray clusters, for which the ray and cluster parameters can be generated stochastically and consistent with the physical target characteristics, similarly to the available cluster/ray parameter generation steps of [1, Subsection 7.5]. As such, the steps as depicted in Figure 4 are envisioned: 
[image: ]
[bookmark: _Ref163011481]Figure 4. Modelling of the sensing/target channel as a semi-deterministic ray cluster
[bookmark: _Toc163213391][bookmark: _Toc163213614]Observation  5. At least for some combination of the practical processing frequency/bandwidth, target size (of the candidate target types), and target-Rx distance, the target is observable at the receiver via plurality of the AoA, ZoA, delay taps, etc. As such, the target channel model is expected to comprise plurality of the separable target reflection/scattering points. 
[bookmark: _Toc163213451][bookmark: _Toc163213820]Proposal 6. The sensing channel can be modelled as one or multiple semi-deterministic ray clusters, depending on the object type/size and the use-case, according to the steps outlined in Figure 4.
The steps for generating the sensing channel coefficients, including initial generation of sensing clusters, generation of the rays for each sensing cluster, the generation of ray parameters based on the generated ray of each sensing cluster, and generation of the channel coefficients, based on the generated ray parameters, are described as following: 

Step 1: Generation of sensing clusters
One or more sensing clusters are generated based on the input physical characteristics of an object. An object may be modelled via a single cluster, or further divided into multiple sensing clusters, representing different object’s segment/parts (e.g., different parts of an automotive vehicle each presented as separate cluster). 
For each identified cluster, the cluster position (or cluster-center position), mobility pattern and number of the rays are determined based on the corresponding physical representation, e.g., target size, or adopted as a default value (e.g., default value for number of rays for a cluster representing a human head).  

Step 2: Generation of per-cluster parameters
For each identified cluster, determine the cluster power, including the path loss effect of the sensing Tx-target path loss, target-sensing Rx path loss, RCS value. The sensing Tx-target path loss, target-sensing Rx path loss can be determined via a free-space pathloss relation to the propagation distance of each link. 
For a given RCS value of a target associated with a semi-deterministic ray cluster, the aggregate channel pathloss, including the incidence sensing Tx-target and reflection target-sensing Rx links corresponding to the said cluster can be obtained as
 [dBsm]
where i denotes the cluster index (when a sensing target is described via multiple ray clusters or when multiple sensing targets are present),  denotes the (frequency-dependent) wavelength, and   respectively denote the distance of sensing Tx-target and target-sensing Rx paths. The left-hand side represents the pathloss of the associated sensing channel to the sensing cluster i, and  is the pathloss at the propagation distance . 
The rays of the sensing channel, initiating from the sensing Tx node, reflected from the target object and terminated at the sensing Rx node. The rays of each sensing cluster can be generated randomly, via a statistical distribution of rays representing physical characteristics of the sensing target, or deterministically, via ray tracing principles. 
Given the option of generating the rays of each cluster statistically, the per-cluster parameters, including cluster mean/average delay and delay spread (DS), cluster mean/average angle and angle spread (ASA, ASD, ZSA, ZSD) are generated. This step is taken similar to the Step 4 of [1, Subsection 7.5].
Given the option of generating the rays of each cluster deterministically, the points of the ray-target interaction (e.g., specular reflection points) are obtained deterministically, via ray-tracing principles. 
[bookmark: _Toc163213452][bookmark: _Toc163213821]Proposal 7. Prioritize statistical generation of the cluster/ray parameters of angle, delay, e.g., including per-cluster Power, DS, AS, for the sensing channel as a starting point for the relevant target types. 

Step 3: Generation of per-ray parameters
Based on the determined cluster parameters of the delay and angle (e.g., DS, ASA, ASD, ZSA, ZSD), when the cluster parameters are generated as a random process, or based on the determined reflection points of the rays (when rays are generated deterministically), generate the ray parameters including the AoD, ZoD, AoA, ZoA, delay, doppler shift, for each generated ray.  
[bookmark: _Toc163213453][bookmark: _Toc163213822]Proposal 8. For the rays of a sensing channel, the ray parameters of angle and delay and doppler shift can be determined based on the target position, mobility pattern and the determined per-cluster parameters. 
Step 5: Blockage modelling for Tx/Rx-target link
The LOS/NLOS channel condition of the Tx/Rx-target path can be determined in view of the blockage by the clutter/EOs as described in detail in Subsection 3.1.3.
Step 4: Generation of channel coefficients
The further steps of assigning an initial phase and determining the cross-polarization ratio of each ray can be determined similar to the steps 9 and 10 of [1, Subsection 7.5]. Generation of the channel coefficient is performed following similar procedure as step 11 of [1, Subsection 7.5].
[bookmark: _Toc163213454][bookmark: _Toc163213823]Proposal 9. Channel coefficients of a sensing channel can be generated based on the obtained ray parameters and following the steps 9-11 of [1, Subsection 7.5].

3.1.1. Target RCS modelling
The RCS value of a target object, or the RCS of a part of the target (corresponding to a cluster among the multiple sensing clusters) can be generated via an angle, frequency, and polarization-dependent distribution for a sensing target. As such, the RCS value of relevant target types for sensing use-cases shall be characterized as a random distribution with at least dependencies of angle (azimuth/elevation) of incidence and angle of reflection from a target object, when positioned according to a reference orientation and heading, e.g., see [3], [4]. 
[bookmark: _Toc163213455][bookmark: _Toc163213824]Proposal 10. Characterize the RCS of relevant target types as a random distribution with at least dependencies of angle (azimuth/elevation) of incidence, and angle of reflection from a target object.
[bookmark: _Toc163213456][bookmark: _Toc163213825]Proposal 11. when the sensing Tx and sensing Rx nodes are positioned such that the target coincides with (i.e., blocks) the propagation path between the sensing Tx and Rx node, the blockage modelling as presented in Subsection 3.1.2 can be utilized for characterization of the target RCS.

3.1.2. Blockage effect by a sensing target 
When a target/object location coincides with propagation pathway of a direct or reflective path towards the sensing Rx node, the blocked path is impacted in its propagation characteristics, e.g., path energy is attenuated. For the blockage effect of an object (e.g., vehicle or human) blocking rays of an environment/background channel in the absence of the target, the procedures “Blockage model A” and “Blockage model B” have been developed in [1, Subsection 7.6.4]. The “Blockage model A” proposes a stochastic modelling of the blockage object/position and blockage effect, whereas the “Blockage model B” is a geometrical procedure, relying on the 2-D dimensions of a blocker screen and its position. In particular, the “Blockage model B” defines four classes of blocker objects, including human, automotive vehicle, AGV and Industrial robot, where the representative 2-D screens of the said objects generate a blockage effect on the rays/paths of the background/environment channel. The available procedure “Blockage model B” is hence suitable, as a starting point, to model the blockage effect of a sensing target on an environment/background channel.  
[bookmark: _Toc163213392][bookmark: _Toc163213615]Observation  6. The “Blockage model B” of [1, Subsection 7.6.4] provides a geometrical modelling for blockage of a background/environment channel by an object via a knife-edge diffraction model, where a determined attenuation is applied on the blocked ray. Other than the energy attenuation, the ray parameters (e.g., angle, delay) are not impacted in the proposed “Blockage model B”. 
The blockage of a ray can be further modelled by a simple path obstruction, where the blocked ray is assumed to be eliminated from the modelling of the ISAC channel. However, the impact of the target can be further modelled similarly to the Subsection 3.1, via RCS characterization of the target at the particular incoming/outgoing angles to the blocked path.   
[bookmark: _Toc163213393][bookmark: _Toc163213616]Observation  7. Blockage of a ray can be alternatively modelled by a simple path obstruction, where the blocked ray is assumed to be eliminated from the modelling of the ISAC channel. The impact of the target (i.e., the resulting target-Rx rays from the incident blocked wave) can be further modelled via a knife-edge diffraction model or similarly to the Subsection 3.1, via RCS characterization of the target at the particular incoming/outgoing angles corresponding to the blocked path.
[image: ]
Figure 5. Case A. a ray terminated at the sensing Rx node from a sensing Tx, or an environment/clutter object. Case B. Blockage according to the “Blockage model B” of [1, Subsection 7.6.4], with energy-attenuation of the blocked path. Case C. elimination of the blocked path and adding rays of object 
[bookmark: _Toc163213457][bookmark: _Toc163213826]Proposal 12. When a target/object location coincides with a propagation path, blockage of the path can be modelled via the following options
· Option 1. Utilize the “Blockage model B” of [1, Subsection 7.6.4] to obtain energy attenuation of the blocked path, apply the path attenuation on the blocked path while maintaining the path parameters (as recommended by [1, Subsection 7.6.4]). 
· Option 2. Eliminate the blocked path from the ISAC channel (as an obstructed path), generate target-Rx rays from the target based on a diffraction model or an available RCS characterization of the target at the incoming/outgoing angles corresponding to the blocked path. 

3.1.3. Blockage effect by the environment on the target channel
The blockage effect of the target channel, i.e., blockage of rays initiated from the sensing Tx, impacted by the sensing target, and terminated at the sensing Rx by parts of the background/environment, is of high importance as it leads to degraded target sensing performance. 
The blockage modelling of the sensing channel can be facilitated via the two approaches defined as following:
· Option 1. Given a sensing target location, the sensing Tx and sensing Rx locations, and a given environment scenario, the LOS condition of the sensing Tx-to-target and the sensing Rx-to-target paths are determined via a stochastic process. The LOS condition probability between two points (as a TRP and a UE) is given in [2, Subsection 7.4.2]. 
Nevertheless, the proposed probabilities are proposed/validated for particular BS and/or UE locations, and hence does not cover the variety of possible target-sensing Tx/Rx scenarios. For instance, for an RMa, when a bistatic TRP-UE or UE-TRP sensing mode is utilized and the target is located at the same height as the nominal UE height (e.g., 1.5 m), then the available LOS probability is no longer valid for the UE-to-target paths. 
Moreover, the LOS probability, when the sensing Tx and Rx are closely located, would be correlated (due to the possibility of a joint blockage of the sensing Tx-target and sensing Rx-target paths by a same blocker object).  
· Option 2. When the environment information in terms of the deterministic area geometry is available (as an environment object), the LOS condition of the sensing Tx-to-target and the sensing Rx-to-target paths are determined geometrically, e.g., via a procedure of [1, Subsection 7.6.4], “Blockage model B” or via the previous subsection.  
[bookmark: _Toc163213394][bookmark: _Toc163213617]Observation  8. The LOS condition probability between two points (as a TRP and a UE) are given in [1, Subsection 7.4.2]. Nevertheless, the proposed probabilities do not support different variations of the ISAC deployment setup, and further, do not support consistency between the LOS condition of closely located/conditioned links.
[bookmark: _Toc163213458][bookmark: _Toc163213827]Proposal 13. Prioritize Option 1 for statistical modelling of the blockage effect of the sensing channel, and use the available LOS probabilities of [1, Subsection 7.4.2] as a starting point for the blockage modelling of the sensing Tx and Rx-to-target paths. 
[bookmark: _Toc163213459][bookmark: _Toc163213828]Proposal 14. Further validate and enhance the available [1, Subsection 7.4.2] statistics (of LOS condition) for the relevant additional deployment scenarios to ISAC, including target object at different altitude/locations relative to the sensing Tx/Rx nodes. 
[bookmark: _Toc163213460][bookmark: _Toc163213829]Proposal 15. Further develop the LOS statistics with necessary correlation/consistency among the LOS condition of the sensing Tx-target and sensing Rx-target paths, when sensing Tx and Rx nodes are closely located or when two targets are closely located. 
[bookmark: _Toc163213461][bookmark: _Toc163213830]Proposal 16. When knowledge of the EOs are available, the LOS condition for the sensing Tx/Rx-target path is determined via the geometrical blockage modelling as described in “Blockage model B” of [1, Subsection 7.6.4].
3.2. Considerations for second order interactions of target channel [e.g., P#2,5,6,7]
A path including additional reflection/impact of the sensing target and/or environment clutter/EOs can be modelled following the same procedure as in Subsection 3.1, with cascading of the additional point object/reflectors. When an additional object/reflector is approximated as multiple points, the procedure shall be repeated as needed. In particular the following two possibilities are envisioned
· The paths described as Tx-clutter/EO-target-Rx [e.g., P#5, P#7]: when the clutter/EO is modelled as a single scattering point, the Rx-clutter/EO path is cascaded with the clutter/EO-target-Rx path, where the clutter/EO-target-Rx path is modelled similar to that of the single hop target channel of Subsection 3.1. 
· The paths described as Tx-target-Clutter/EO-Rx [e.g., P#2]: when the clutter/EO is modelled as a single scattering point, the clutter/EO-Rx path is cascaded with the Tx-target-clutter/EO path, where the Tx-target-clutter/EO path is modelled similar to that of the single hop target channel of Subsection 3.1.
[bookmark: _Toc163213462][bookmark: _Toc163213831]Proposal 17. For a path of a target channel including a target and a clutter/EO with a single scattering point, the paths described as Tx-target-Clutter/EO-Rx and Tx-target-Clutter/EO-Rx can be modelling by cascading the Tx/Rx-clutter/EO path with the paths of single hop target channel.  
3.3. Consideration on monostatic sensing mode
The modelling of [1, Subsection 7.5] is limited in the supported Tx-Rx distance, where the distances of below 1 meter are not supported. Nevertheless, this is a necessary feature for the modelling of monostatic sensing modes. It is worth mentioning that for the modelling of a mono-static sensing channel, the reciprocity between the pair of sensing Tx-target and target-sensing Rx paths is lost when the sensing Tx and Rx nodes are not exactly co-located. Moreover, implementation of a truly co-located Tx/Rx is challenging due to the amplified self-interference effect, hence, it is envisioned that monostatic sensing scenarios to operate as sensing Tx/Rx nodes with short distance. 
[bookmark: _Toc163213395][bookmark: _Toc163213618]Observation  9. The reciprocity between the pair of sensing Tx-target and target-sensing Rx paths is lost when the sensing Tx and Rx nodes are not exactly co-located. Moreover, implementation of a truly co-located Tx/Rx is challenging due to the amplified self-interference effect, hence, it is envisioned that monostatic sensing scenarios to operate as sensing Tx/Rx nodes with short distance. 
[bookmark: _Toc163213463][bookmark: _Toc163213832]Proposal 18. Consider the sensing channel of a monostatic sensing mode as an extension of that of a bistatic mode, with short Tx-Rx distance. The correlation of the Tx-target and Rx-target channels can be further studied. 

4. Modelling of the background channel
The background channel of a sensing scenario can be modelled as presented in Step 1 of Figure 3, via generating an initial background channel and further removing the paths of the said initial background channel which are impacted by the sensing targets. The initial environment/background channel (in the absence of the explicit sensing target objects) has been modelled in [1] intended for various BS-to-UE deployments including rural macro (RMa), Urben micro (UMi), Urben macro (UMa), Indoor office and indoor factory (InF) scenarios and supporting frequency range of 0.5-100 GHz. The channel is generated as a collection of ray/path clusters, for which the statistics of ray parameters are adjusted to the specific environment/scenario. As such, two options are presented to capture the characteristics of an environment as following:
· Option 1. Statistical modelling [1, Subsection 7.5]: The generation of ray clusters, allocation of ray/cluster parameters (including power, angle, cross-polarization, etc.) follow a statistical distribution adjusted to the scenario (e.g., UMi), as well as to the BS and UE locations.  
· Option 2. Hybrid map-based modelling [1, Section 8]: The generation of ray clusters and the associated parameters is divided into a set of random and deterministic clusters, wherein the parameters of the random clusters are determined similar to Option 1, following a given distribution adjusted to the deterministically known parameters, and the parameters of the deterministic clusters are computed based on ray-tracing principles.  
Please note that the above Option 2 requires availability of major components of the environment (as a deterministic map). Moreover, the outcome of such channel generation is specific to the evaluated environment map condition and is not generalized for different instances of the same scenario type (e.g., a single map of an UMi environment is not representative of the collective UMi environment conditions). In view of this and considering the additional overhead of employing ray-tracing computations per channel realization, it seems that the stochastic model would lead to a better generality, consistency, computation complexity trade-off. Moreover, the utilization of the hybrid model (Option 2) lead to additional study effort to agree on the ray tracing steps in more details. 
[bookmark: _Toc163213396][bookmark: _Toc163213619]Observation  10. The deterministic generation of the background/environment channel leads to both a higher modelling computational complexity and also a larger study effort, as the available modelling procedures of [1, Subsection 7.5] cannot be used. 
[bookmark: _Toc163213464][bookmark: _Toc163213833]Proposal 19. Prioritize the Option 1 of ray cluster generation and associated cluster parameters based on a statistical distribution for the generation of background/environment channel.
Nevertheless, the proposed modelling of [1, Subsection 7.5] is not validated for all sensing modes and envisioned ISAC deployment scenarios. As one limiting factor, while the deployment of UE is considered with flexibility in terms of the UE height, the BS height is limited to one or fewer applicable values while the BS-UE distance is not valid for below 1 meter, at least for the RMa, UMa, UMi scenarios. 
As one example, the pathloss value for LOS and NLOS condition of the UMi scenario is validated for the BS height of 10 meters. As a result, the channel between two nodes, where none of them is placed at the height of 10 meters (e.g., channel of two UEs both at height of below 3 meters) is not supported by the available model. 
As another example, the pathloss value for LOS and NLOS condition of the UMa scenario is validated for the BS height of 25 meters, where the UE location may not exceed 22.5 meters. This leads to a similar limitation for modelling of the UE-UE channels (corresponding to the background/environment channel of UE-UE bistatic sensing mode) where both UEs are positioned below 22.5 meters, and also for modelling of the BS-BS channels (corresponding to the background/environment channel of TRP-TRP bistatic sensing mode) where both TRPs are positioned at 22.5 meters or above. 
Apart from the limitation of the deployment parameters, the new ISAC use-cases may require additional background/environment scenarios, e.g., supporting the background/environment channel generation for use-cases involving a UAV. 
[bookmark: _Toc163213397][bookmark: _Toc163213620]Observation  11. The available channel modelling of [1, Subsection 7.5] is applicable only to a subset of the sensing modes and deployment scenarios. The UE-UE, TRP-TRP background/environment channels are not supported for a wide range of potential scenarios and deployment setups, e.g., in terms of the supported heights of the Tx and Rx node. Moreover, the scenarios associated with a UAV sensing, e.g., at least for a TRP-TRP bistatic and TRP-UE bistatic scenarios, shall be further enhanced/validated.
[bookmark: _Toc163213465][bookmark: _Toc163213834]Proposal 20. Enhance the modelling of [1, Subsection 7.5] to support additional sensing modes and ISAC scenarios, at least, the UE-UE and TRP-TRP channels supporting relevant UE and TRP heights, for the generation of background/environment channel.
[bookmark: _Toc163213466][bookmark: _Toc163213835]Proposal 21. Enhance the modelling of [1, Subsection 7.5] for the scenarios with a UAV as a UE node, at least for a TRP-UE and UE-TRP bistatic sensing modes wherein UE is a UAV. 
Furthermore, other than the bistatic sensing scenarios for which the sensing Tx and sensing Rx nodes are separate entities, the monostatic sensing scenarios rely on the same node transmission and reception, hence, leading to the minimal or non-existent Tx-Rx distance. This invalidates the current modelling assumptions of [1, Table 7.4.1-1] where the minimum distance of 1 meter and 1.5 meter are envisioned between the Tx and Rx nodes. 
[bookmark: _Toc163213398][bookmark: _Toc163213621]Observation  12. For the background/environment channel of a monostatic sensing, the distance of the sensing Tx-sensing Rx nodes may be short or non-existent. This invalidates the current modelling assumptions of [1, Table 7.4.1-1] where the minimum distance of 1 meter and 1.5 meter are assumed.
[bookmark: _Toc163213467][bookmark: _Toc163213836]Proposal 22. The channel modelling of [1, Subsection 7.5] shall be further enhanced to support short distances between the Tx and Rx nodes of below 1 meter. 
Considering the self-interference cancellation capability of the full-duplex devices for removing the leakage from the direct path and potentially the near-end reflections (e.g., from the device surface) by means of a pre-processing (e.g. via additional RF processing or digital processing in the baseband), it is of higher significance that the background/environment channel of a monostatic sensing scenario to remain consistent with respect to the far-end reflections, e.g., after subtraction of the major power from the direct leakage path between the Tx and Rx nodes. 
[bookmark: _Toc163213399][bookmark: _Toc163213622]Observation  13. The background/environment channel of a monostatic sensing scenario is dominated (in terms of channel strength, statistics etc.) by the direct path as well as the near-end reflections. However, these paths can be cancelled at the sensing Rx node via self-interference cancellation. Hence, the effective background/environment channel of a monostatic sensing operation shall sufficiently represent the remaining channel paths after the self-interference cancellation.
[bookmark: _Toc163213468][bookmark: _Toc163213837]Proposal 23. The background/environment channel of a monostatic sensing mode shall remain consistent with the rest of the background/environment paths after the reduction of the main leakage paths which are subject to removal via self-interference cancellation at a sensing receiver.
5. Considerations of spatial and temporal consistency
[bookmark: _Hlk159240656]The spatial and temporal consistency of the ISAC channel shall be preserved for at least the following cases:
	With the movement/displacement of the sensing target object,
	With the movement/displacement of the sensing Tx node,
	With the movement/displacement of the sensing Rx node. In addition to the natural movement of the sensing target and/or the involved sensing Tx, Rx nodes, a sensing operation of a same sensing target/area may involve a plurality of the ISAC channels (between different nodes and at different times), for which the consistency shall be preserved. In particular, in view of the diverse use-case KPI requirements of target detection, positioning, velocity estimation with different needed accuracy (e.g., including KPI of 0.5 meter positioning accuracy for a sensing target with a reliability of 95-99%), and depending on the availability of the radio nodes (sensing-capable radio nodes in the neighbourhood of a sensing target/area) for supporting a requested sensing KPI, the sensing operation may include single or plurality of measurements with the same sensing mode (e.g., a TRP-TRP bistatic measurement of plurality of time instances and/or plurality of sensing Rx TRPs) or of plurality of sensing modes (e.g., measurement of a target once via a TRP-monostatic sensing mode and once via a TRP-TRP sensing mode). In order to enable evaluation of the sensing methods relying on the said combined measurements, the same sensing target needs to be represented, with sufficient temporal and spatial consistency, in the said plurality of sensing measurements of the same or different modes. 
[bookmark: _Toc163213400][bookmark: _Toc163213623]Observation  14. Sensing measurements of a target may include plurality of measurements of the same or different sensing modes and at the same or different time instances. 
[bookmark: _Toc163213469][bookmark: _Toc163213838]Proposal 24. Given a sensing target object, the ISAC channel model should remain temporally and spatially consistent for the channel realizations generated for multiple instances of the same or different sensing modes and at the same or different time instances. 

For a background/environment channel, spatial consistency procedures of Procedure A and B have been proposed in [1, Subsection 7.6.3], considering a 2-D random process based on the UE locations. Nevertheless, the sensing target, as well as the sensing Rx, Tx nodes of the environed sensing deployments are not limited to 2-D displacements. 
Moreover, the cluster powers are updated with dependency to the cluster delay, where there is no direct angle-dependency in the fluctuation of the cluster power due to movement.  
[bookmark: _Toc163213470][bookmark: _Toc163213839]Proposal 25. Treat spatial consistency process of the sensing cluster, or sensing channel, as separate procedure than the background/environment channel, wherein each of the channel generation Steps 1-4 of Subsection 3.1 are evolved separately with necessary consistency requirements.
[bookmark: _Toc163213471][bookmark: _Toc163213840]Proposal 26. For the background/environment channel, take the spatial consistency procedures of [1, Subsection 7.6.3] as a starting point and enhance to support 3-D movement of the target, as well as the 3-D movement of the sensing Tx, sensing Rx nodes. 

[image: ]
[bookmark: _Ref158861135]Figure 6. Impact of angular displacement for spatial consistency of a sensing channel

[bookmark: _Toc163213401][bookmark: _Toc163213624]Observation  15. The fluctuation of the RCS is dependent on incidence and reflection angles, following the initial observations in [5,6]. In the other words, two sensing Rx/Tx nodes at the same time and angular condition to the sensing target but with different distances enjoy a same RCS condition of the associated sensing target, please see Figure 6 for the description of the angular displacement. 
[bookmark: _Toc163213472][bookmark: _Toc163213841]Proposal 27. Define, for different sensing targets, correlation distance for the angle of incidence from a sensing Tx node and for an angle of reflection from a sensing target towards a sensing Rx node. 
6. ISAC channel calibration
For calibration of the generated channels, it is of interest to both calibrate the ISAC channel for communication, to calibrate the modelled sensing channel as representative of the object/target reflection paths, and also to calibrate the generated ISAC channel for sensing. As such, both metrics describing communication performance, as well as sensing performance with and without the impact of background environment is needed. 
[bookmark: _Toc163213473][bookmark: _Toc163213842]Proposal 28. The ISAC channel model to be calibrated both with respect to the communication performance and sensing performance. 
[bookmark: _Toc163213474][bookmark: _Toc163213843]Proposal 29. For calibration of the ISAC channel model for communication, at least the SNR of ISAC channel can be considered as the calibration metric.
[bookmark: _Toc163213475][bookmark: _Toc163213844]Proposal 30. For calibration of the ISAC channel model for sensing, at least the following metrics can be considered: 
· Received Signal power of the Sensing cluster to Noise Ratio (SSNR) of the sensing channel, 
· Received Signal power of the Sensing cluster to Interference-plus-Noise Ratio (SSINR) of the ISAC channel, wherein the interference represents received non-sensing paths at the sensing Rx node. 
· Delay and doppler average and spread for the sensing channel.
· Delay and doppler average and spread for the ISAC channel.

7. Conclusion
4. 
5. 
6. 
7. 
The observations and proposals within this contribution are summarized as following: 
General Considerations
Proposal 1. The following definitions can be adopted to better describe the ISAC channel modelling elements in the follow up discussions, considering a sensing transmission point (sensing Tx) and a sensing reception point (sensing Rx)
· ISAC channel: the propagation channel between the sensing Tx node and the sensing Rx node comprising one or more sensing target objects as well as the background/environment where the target objects are present;
· Environment object (EO): objects as part of the background environment with known physical characteristics (e.g., location, physical dimension etc.).  
· Initial background channel: the propagation channel between the sensing Tx node and the sensing Rx node in the absence of the sensing targets; 

Observation  1. Considering the sensing target object or EOs with pre-determined characteristics as an integral part of the background environment, as proposed in Option 1, invalidates the statistical modelling of [1, Subsection 7.5].  
Observation  2. Considering the sensing target object or EOs as an external add-on to an initial background/environment channel, as in Option 2, facilitates utilizing [1, Subsection 7.5] for the initial background/environment channel generation. However, as the target/EO is not an integral part of the background environment, the mutual impact (e.g., blockage) of the sensing target and environment needs to be further taken into account. 
Proposal 2. Consider the sensing target (and if considered, EOs) as an external add-on object to an initial background/environment channel and further study modelling the interactions between the background/environment and the sensing targets.
Observation  3. Different path types/phenomena contribute differently in the overall ISAC channel strength/power and contribute differently in the useful observable sensing target information at the sensing Rx node.  
Proposal 3. study with a higher priority modelling of the path types/effects that inform sensing Rx of useful sensing information and with higher energy impact to the overall ISAC channel. In particular, the modelling of depicted P#4 - P#8 in Figure 2 can be treated with a higher priority.
Proposal 4. the modelling of the paths including higher than two explicit interactions (e.g., reflection(s)), diffraction/blockage) can be deprioritized for the study of ISAC channel model.
Observation  4. The paths of the initial background channel, i.e., the channel without targets presence, lead to both paths of the background/environment channel, when the said paths are not impacted/blocked by the target (e.g., P#0, P#1), or paths of the target channel (e.g., P#4, P#7 in Figure 2), when the sensing target collides with a path of the initial background channel. 
Proposal 5. A high-level procedure as described in Figure 3 can be utilized to generate the ISAC channel, as superposition of the background channel and the target channel. 

Modelling of the Target Channel
Observation  5. At least for some combination of the practical processing frequency/bandwidth, target size (of the candidate target types), and target-Rx distance, the target is observable at the receiver via plurality of the AoA, ZoA, delay taps, etc. As such, the target channel model is expected to comprise plurality of the separable target reflection/scattering points. 
Proposal 6. The sensing channel can be modelled as one or multiple semi-deterministic ray clusters, depending on the object type/size and the use-case, according to the steps outlined in Figure 4.
Proposal 7. Prioritize statistical generation of the cluster/ray parameters of angle, delay, e.g., including per-cluster Power, DS, AS, for the sensing channel as a starting point for the relevant target types. 
Proposal 8. For the rays of a sensing channel, the ray parameters of angle and delay and doppler shift can be determined based on the target position, mobility pattern and the determined per-cluster parameters. 
Proposal 9. Channel coefficients of a sensing channel can be generated based on the obtained ray parameters and following the steps 9-11 of [1, Subsection 7.5].
Proposal 10. Characterize the RCS of relevant target types as a random distribution with at least dependencies of angle (azimuth/elevation) of incidence, and angle of reflection from a target object.
Proposal 11. when the sensing Tx and sensing Rx nodes are positioned such that the target coincides with (i.e., blocks) the propagation path between the sensing Tx and Rx node, the blockage modelling as presented in Subsection 3.1.2 can be utilized for characterization of the target RCS.

Blockage effect by a sensing target 
Observation  6. The “Blockage model B” of [1, Subsection 7.6.4] provides a geometrical modelling for blockage of a background/environment channel by an object via a knife-edge diffraction model, where a determined attenuation is applied on the blocked ray. Other than the energy attenuation, the ray parameters (e.g., angle, delay) are not impacted in the proposed “Blockage model B”. 
Observation  7. Blockage of a ray can be alternatively modelled by a simple path obstruction, where the blocked ray is assumed to be eliminated from the modelling of the ISAC channel. The impact of the target (i.e., the resulting target-Rx rays from the incident blocked wave) can be further modelled via a knife-edge diffraction model or similarly to the Subsection 3.1, via RCS characterization of the target at the particular incoming/outgoing angles corresponding to the blocked path.
Proposal 12. When a target/object location coincides with a propagation path, blockage of the path can be modelled via the following options
· Option 1. Utilize the “Blockage model B” of [1, Subsection 7.6.4] to obtain energy attenuation of the blocked path, apply the path attenuation on the blocked path while maintaining the path parameters (as recommended by [1, Subsection 7.6.4]). 
· Option 2. Eliminate the blocked path from the ISAC channel (as an obstructed path), generate target-Rx rays from the target based on a diffraction model or an available RCS characterization of the target at the incoming/outgoing angles corresponding to the blocked path. 

Blockage effect by the environment on the target channel
Observation  8. The LOS condition probability between two points (as a TRP and a UE) are given in [1, Subsection 7.4.2]. Nevertheless, the proposed probabilities do not support different variations of the ISAC deployment setup, and further, do not support consistency between the LOS condition of closely located/conditioned links.
Proposal 13. Prioritize Option 1 for statistical modelling of the blockage effect of the sensing channel, and use the available LOS probabilities of [1, Subsection 7.4.2] as a starting point for the blockage modelling of the sensing Tx and Rx-to-target paths. 
Proposal 14. Further validate and enhance the available [1, Subsection 7.4.2] statistics (of LOS condition) for the relevant additional deployment scenarios to ISAC, including target object at different altitude/locations relative to the sensing Tx/Rx nodes. 
Proposal 15. Further develop the LOS statistics with necessary correlation/consistency among the LOS condition of the sensing Tx-target and sensing Rx-target paths, when sensing Tx and Rx nodes are closely located or when two targets are closely located. 
Proposal 16. When knowledge of the EOs are available, the LOS condition for the sensing Tx/Rx-target path is determined via the geometrical blockage modelling as described in “Blockage model B” of [1, Subsection 7.6.4].
Considerations for second order interactions of target channel 
Proposal 17. For a path of a target channel including a target and a clutter/EO with a single scattering point, the paths described as Tx-target-Clutter/EO-Rx and Tx-target-Clutter/EO-Rx can be modelling by cascading the Tx/Rx-clutter/EO path with the paths of single hop target channel.  
Consideration on monostatic sensing mode for target channel
Observation  9. The reciprocity between the pair of sensing Tx-target and target-sensing Rx paths is lost when the sensing Tx and Rx nodes are not exactly co-located. Moreover, implementation of a truly co-located Tx/Rx is challenging due to the amplified self-interference effect, hence, it is envisioned that monostatic sensing scenarios to operate as sensing Tx/Rx nodes with short distance. 
Proposal 18. Consider the sensing channel of a monostatic sensing mode as an extension of that of a bistatic mode, with short Tx-Rx distance. The correlation of the Tx-target and Rx-target channels can be further studied. 
Modelling of the background channel
Observation  10. The deterministic generation of the background/environment channel leads to both a higher modelling computational complexity and also a larger study effort, as the available modelling procedures of [1, Subsection 7.5] cannot be used. 
Proposal 19. Prioritize the Option 1 of ray cluster generation and associated cluster parameters based on a statistical distribution for the generation of background/environment channel.
Observation  11. The available channel modelling of [1, Subsection 7.5] is applicable only to a subset of the sensing modes and deployment scenarios. The UE-UE, TRP-TRP background/environment channels are not supported for a wide range of potential scenarios and deployment setups, e.g., in terms of the supported heights of the Tx and Rx node. Moreover, the scenarios associated with a UAV sensing, e.g., at least for a TRP-TRP bistatic and TRP-UE bistatic scenarios, shall be further enhanced/validated.
Proposal 20. Enhance the modelling of [1, Subsection 7.5] to support additional sensing modes and ISAC scenarios, at least, the UE-UE and TRP-TRP channels supporting relevant UE and TRP heights, for the generation of background/environment channel.
Proposal 21. Enhance the modelling of [1, Subsection 7.5] for the scenarios with a UAV as a UE node, at least for a TRP-UE and UE-TRP bistatic sensing modes wherein UE is a UAV. 
Observation  12. For the background/environment channel of a monostatic sensing, the distance of the sensing Tx-sensing Rx nodes may be short or non-existent. This invalidates the current modelling assumptions of [1, Table 7.4.1-1] where the minimum distance of 1 meter and 1.5 meter are assumed.
Proposal 22. The channel modelling of [1, Subsection 7.5] shall be further enhanced to support short distances between the Tx and Rx nodes of below 1 meter. 
Observation  13. The background/environment channel of a monostatic sensing scenario is dominated (in terms of channel strength, statistics etc.) by the direct path as well as the near-end reflections. However, these paths can be cancelled at the sensing Rx node via self-interference cancellation. Hence, the effective background/environment channel of a monostatic sensing operation shall sufficiently represent the remaining channel paths after the self-interference cancellation.
Proposal 23. The background/environment channel of a monostatic sensing mode shall remain consistent with the rest of the background/environment paths after the reduction of the main leakage paths which are subject to removal via self-interference cancellation at a sensing receiver.
Considerations of spatial and temporal consistency
Observation  14. Sensing measurements of a target may include plurality of measurements of the same or different sensing modes and at the same or different time instances. 
Proposal 24. Given a sensing target object, the ISAC channel model should remain temporally and spatially consistent for the channel realizations generated for multiple instances of the same or different sensing modes and at the same or different time instances.  
Proposal 25. Treat spatial consistency process of the sensing cluster, or sensing channel, as separate procedure than the background/environment channel, wherein each of the channel generation Steps 1-4 of Subsection 3.1 are evolved separately with necessary consistency requirements.
Proposal 26. For the background/environment channel, take the spatial consistency procedures of [1, Subsection 7.6.3] as a starting point and enhance to support 3-D movement of the target, as well as the 3-D movement of the sensing Tx, sensing Rx nodes. 
Observation  15. The fluctuation of the RCS is dependent on incidence and reflection angles, following the initial observations in [5,6]. In the other words, two sensing Rx/Tx nodes at the same time and angular condition to the sensing target but with different distances enjoy a same RCS condition of the associated sensing target, please see Figure 6 for the description of the angular displacement. 
Proposal 27. Define, for different sensing targets, correlation distance for the angle of incidence from a sensing Tx node and for an angle of reflection from a sensing target towards a sensing Rx node. 

ISAC channel calibration
Proposal 28. The ISAC channel model to be calibrated both with respect to the communication performance and sensing performance. 
Proposal 29. For calibration of the ISAC channel model for communication, at least the SNR of ISAC channel can be considered as the calibration metric.
Proposal 30. For calibration of the ISAC channel model for sensing, at least the following metrics can be considered: 
· Received Signal power of the Sensing cluster to Noise Ratio (SSNR) of the sensing channel, 
· Received Signal power of the Sensing cluster to Interference-plus-Noise Ratio (SSINR) of the ISAC channel, wherein the interference represents received non-sensing paths at the sensing Rx node. 
· Delay and doppler average and spread for the sensing channel.
· Delay and doppler average and spread for the ISAC channel.
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