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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]A new study item of channel modeling for integrated sensing and communications (ISAC) has been approved in RAN #102 [1], in which the objectives of the study for ISAC are as follows:
	· 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.
· [bookmark: _Hlk157618114][bookmark: OLE_LINK18]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:
· 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,
· spatial consistency.
· It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.


In RAN1 #116 [2], accordingly, the agreements are made as follows:
	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, according to the agreement in the last meeting, we express our views on two component-based channel modeling for ISAC. Meanwhile, we discuss the relevant issues on the sensing target, Doppler enhancement, and spatial consistency. Furthermore, we further describe the methodologies for channel model validation and the necessary procedure of channel modeling.

Common Channel Modeling
Considering the forward compatibility and performance verification in NR and 6G, a common channel model needs to be designed for most of use-cases and sensing modes in various deployment scenarios, which can greatly enhance the effectiveness of ISAC channel modelling study. Based on the SID [1], how to realize a common channel modeling for ISAC should be the focus of the study at a common modelling framework.
In RAN1 #116 [2], we made a good progress on two fundamental components, which facilitate the realization of common channel modeling. To continuously move forward, we believe that, first of all, the most important and urgent issue needed to be addressed is how to design the channel link with the components under the sensing assumptions with target(s), environment(s) and background. It is the simple and efficient way that each path between two entities can be independently generated based on the procedure of TR38.901, and then the relevant or interacted paths are combined to finalize the channel link. The detailed description and methodology will be done in Section 2.1.
From the perspective of sensing solution, we need to differentiate the target and environment components due to the different characteristics in between behaved in each sensing use case and/or deployment scenario. From the perspective of channel modeling, however, we do not need to differentiate them as long as the relevant common parameters are workable to different use cases and/or deployment scenarios. As elaborated in Section 2.2, the sensing target(s) and the environment can be commonly designed by means of an RCS parameter with individual and specific values.
Besides, there still exist other two important issues needed to be tackled; one is the common design mechanism for different types of Doppler, and the other is the spatial consistency. As we discussed in the last meeting [2], to resolve the former issue, we believe that a common formula can be utilized for both Doppler and micro-Doppler thanks to their unique behaviors and characteristics. To resolve the latter issue, the legacy procedure of spatial consistency in TR 38.901 can be enhanced to realize the spatial consistency of all the paths and links, i.e., TRP-target, target-UE, and target-target. Both of them will be elaborated in Section 2.3 and Section 2.4, respectively.
[bookmark: _Ref162854214]Two Component Channel Modeling
Based on the agreements reached last meeting [2], the common framework for ISAC channel model is composed of a component of target channel and a component of background channel:

Based on the discussion, sensing target, environment objects and clutter may be considered, and the interactions between different components may be included, as shown in Figure 1. For clarity, we define the propagation channel between two deterministic nodes as path, e.g., Tx-T, T-E, T-Rx, E-Rx, and the propagation channel formed by multiple paths is defined as a link, e.g., Tx-T-Rx, Tx-T-E-Rx. 
The state of each path can be determined based on the LOS probability according to the end node location of each path, using individual K-factor to control power distribution for LOS state. K-factor should be carefully configured to control power contribution between LOS and NLOS. Then, the channel of each path can be independently generated relying on the procedure of TR 38.901. Besides, the maximum paths forming a link should be limited to some number, e.g., ≤ 3, due to the weak power after more than 3-hops propagation. The link can be modeled with 3 steps:
· Step1: determine the maximum paths to form a link, where the maximum paths should be limited to some number, e.g., ≤ 3.
· Step2: generate each path, e.g., based on the procedure of TR38.901.
· Step3: combine the paths to form a link, e.g., based on formula combining or convolutional combining.
Proposal 1:  [bookmark: _Ref163049120]Stochastically determine LOS or NLOS for each path based on LOS probability.
Proposal 2:  [bookmark: _Ref163049122]The maximum paths forming a link should be limited to some number, e.g., ≤ 3 as a starting point.
Proposal 3:  [bookmark: _Ref163049124]Using the following procedure to generate the channel link can be considered as a starting point: a) independently generate the channel for each path relying on the methodology of TR 38.901, b) determine the state of each path based on the LOS probability, c) generate individual K-factor to control power distribution for LOS state, and d) combine the relevant paths to form the channel link.
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[bookmark: _Ref162429061]Figure 1: ISAC channel model including sensing target(s), environment object(s) and clutter(s).
[bookmark: _Hlk162450317]The sensing target channel component, on one hand, should be more precisely modeled because it could significantly influence the sensing evaluation consequence.  In addition to the sensing target, there may also be some environment objects, e.g., walls, trees or floor, which may interact with the sensing target and generate a link. This interaction link can increase the spatial diversity of the system and provide different Doppler shifts over different path, which can improve the sensing performance [4][5][6]. Thus, the interaction path between sensing target and environment object, i.e., Tx-E-T-Rx or Tx-T-E-Rx as shown by blue link in Figure 1, needs to be considered if the environment object is modeled. Here, we believe that the interaction link is modeled only if all the paths that form the link belong to LOS, otherwise the interaction link is vanished. This is because once a path among the 3 paths is NLOS, the formed link may not assist the improvement of sensing performance. The interaction link between different sensing targets can be modeled in the same way.
[bookmark: _Ref163049061]The interaction link between sensing target and environment object can improve the sensing performance.
Proposal 4:  [bookmark: _Ref163049126]Modeling the interaction link between sensing target and environment object (if modeled), or between different sensing targets, only when the state of each path that forms the link is LOS.

The background channel component, on the other hand, is composed of the link not relevant to the sensing target. The clutter(s) can be stochastically modeled by using TR38.901 procedure as a basic, which can be considered as random interference for sensing. The modeling of clutter(s) is beneficial to the unified channel modeling between sensing and communication, especially for TRP-UE and UR-TRP bi-static sensing mode. In addition, LOS propagation between the sensing Tx and Rx determined based on the LOS probability should also be considered. The LOS ray can be utilized to determine the distance between the sensing Tx and Rx, which can help sensing performance improvement, such as target positioning according to propagation delay.
Considering that some objects in the environment have strong reflection or scattering characteristics, e.g., wall, tree or floor, it may have a relatively large impact on the channel propagation property and cause relatively large interference to the sensing performance. Therefore, a deterministic modeling of these environmental objects makes sense, and will be helpful to apply some interference elimination technologies to assist the improvement of sensing performance. Note that modeling too many environmental objects may affect the statistical characteristics of the channel, and inconsistent with the communication channel for the TRP-UE and UR-TRP bistatic sensing mode. Environmental object modeling also increases the complexity of the channel, and the trade-off between the modeling accuracy and complexity of the channel should be made. The environment object and related link can be modeled in the same way as sensing target but should keep the channel modeling as simple as possible.
[bookmark: _Ref163049063]For background channel component, the LOS ray between the sensing Tx and Rx, and the link passing through the environment object can assist the improvement of sensing performance.
[bookmark: _Ref163049065]The modeling of environmental object can improve the channel modeling accuracy but may change the statistical characteristics of the channel and increase the modeling complexity.
Proposal 5:  [bookmark: _Ref163049128]LOS/NLOS propagation between the sensing Tx and Rx determined based on the LOS probability should be considered in background channel component.
Proposal 6:  [bookmark: _Ref163049134]In background channel component, clutters should be modeled by reusing TR38.901 procedure, and environment object should keep the channel modeling as simple as possible.

[bookmark: _Ref162854700]Sensing Target
For communication channel modelling, it is enough to model the transmitter and receiver as a single point, because the overall communication performance of the system is the main focus. Similarly, the sensing target can be modelled by RCS with single point scatter if sensing target size is small, or the use case is insensitive to the sensing target size and/or shape. When the size of sensing target is relatively small, the rays scattered by the target and other identical objects can be divided into one cluster, and the reflection effect of the sensing target can be characterized by RCS. In some use cases, e.g., intrusion detection which only focuses on the presence or absence of the target, the sensing target can be modelled by RCS with single scatter. 
But for some relatively large sensing targets, such as cars, trucks or automated guided vehicles, the delay and/or angle difference between the rays scattered by different points of the target may be large, which has a great impact on the number and the characteristics of the channel clusters. In addition, some use cases are sensitive to the shape of sensing target with high sensing requirements, e.g., trajectory tracking in automated driving or detecting sensing target from unintended objects. In these cases, the characteristics of the sensing target need to be modelled more finely, and the model of RCS with multi point scatterers is inevitable. It is a good starting point to study sensing target modeling with single point scatter, and multiple point scatters can be optional for some target types and/or complex use cases, as illustrated in Figure 2.
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[bookmark: _Ref162529745]Figure 2: Sensing target modelling by RCS with single point or multiple point scatters.
The environment target can be modelled in the same way as sensing target, but accurate modelling will make the channel model more complex and make system-level simulation more difficult, if the RCS is modelled with multiple point scatters. Therefore, the modelling of environment target should be as simple as possible, such as modelling by RCS with single point scatter.
[bookmark: _Ref163049069]Sensing target modeling with single point scatter is enough if the target size is small, or the use case is insensitive to the sensing target size and/or shape.
[bookmark: _Ref163049071]A sensing target needs to be modeled with multiple point scatters if the target size is large, or the use case has high sensing requirements.
Proposal 7:  [bookmark: _Ref163049137]Study sensing target modeling with single point scatter as a start point, and multiple point scatters can be optional for some target types and/or complex use cases.
Proposal 8:  [bookmark: _Ref163049138]Model the environment object in the same way as the sensing target, but should be kept as simple as possible.

As described in SID [1], the study should aim at a common modelling framework capable of detecting and/or tracking the exemplified objects and to enable them to be distinguished from unintended objects. Thus, the RCS needs to be studied and defined at least for the exemplified objects listed in SID, i.e., UAVs, humans, automotive vehicles, automated guided vehicles and objects creating hazards on roads/railways.
Proposal 9:  [bookmark: _Ref163049140]The RCS needs to be studied and defined at least for the objects listed in SID, i.e., UAVs, humans, automotive vehicles, automated guided vehicles and objects creating hazards on roads/railways.

Single point scatter modeling
RCS can characterize the object’s characteristic of radar signal reflection, which is a target-specific quantity that depends on many factors, e.g., the propagation direction, the frequency, and the electromagnetic properties of the target’s surface. RCS is complex and difficult to be modeled accurately; some objects with basic shape may also correspond to complex RCS formulas [7], and depend on specific measurements. In addition, the RCS calculation of a sensing target by using the RCS formula of a similar shape may introduce extra errors due to the less influence of the object material considered.
Exact RCS value may also depend on the incident/scattered angles on the target’s surface. It is importantly noted that incident/scattered angles on the target’s surface are not equivalent to the angle of arrival and departure of the ray in channel.  A transformation between local and global coordinates system is also required, as shown in Figure 3 defined in TR 38.901 [8]. But defining the local coordinate system of the sensing target is difficult because the orientation of the sensing target is relatively uncertain and random.
[bookmark: _Ref163049077]The RCS of complex objects is difficult to be modeled accurately with a general and simple formula, and it requires a complex transformation between the global and local coordinate system when depending on angle of incident/scattered ray.
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[bookmark: _Ref162538571]Figure 3: Orienting the LCS (blue) with respect to the GCS (gray) by a sequence of 3 rotations: , ,   (the left figure), and Definition of spherical coordinates and unit vectors in both the GCS and LCS (the right figure) [8].
It is better to reasonably simplify the RCS modeling in case that a complicated modeling mechanism is involved. The simplification, however, may incur the failure of RCS accuracy and introduce additional errors. Given that RCS mainly describes propagation power change after reflected by the target, RCS can be modeled by large-scale level model independent of the angle of incident/scattered ray. Then, RCS with single point scatter of target can be simply generated by
· Computational formulas, or
· Fixed average values, or 
· Some probability distributions, e.g., Gaussian distribution, Uniform distribution, or Swerling model [9].

[bookmark: _Ref163049079][bookmark: OLE_LINK5][bookmark: OLE_LINK6]The RCS with single point scatter of target can be simply generated by computational formulas, fixed average values, or some probability distributions, e.g., Gaussian distribution, uniform distribution, or Swerling model.
Proposal 10:  [bookmark: _Ref163049145]Study the RCS modeled by large-scale level model independent of the angle of incident/scattered ray.

Multiple point scatters modeling
If the sensing target needs to be modelled by  multiple point scatters, first of all,  points can be dropped to independently generate related links. Then, those  links should be combined with other links to form the final complete channel. Combination method can be further studied, such as linear combination. The correlation between  scattering point locations and the correlation between related links need also be considered.
For sensing target modelling with multiple point scatters, the RCS of each point can also be embedded in the large-scale level pathloss independent of the angle of incident/scattered ray. It can be realized by the same way as single point scatter. Due to the multiple points belonging to the same target, the RCS of multiple points can adopt the same value as a special case, or generate RCS value independently for each point to differentiate the different reflects from a target.
[bookmark: _Ref163049084] links can be independently generated and the correlation between  scattering point and related links need to be further considered if the sensing target needs to be modeled as  multiple point scatters.
[bookmark: _Ref163049087]For multiple point modeling, RCS of each point can be modeled by large-scale level model independent of the angle of incident/scattered ray, with the same or different RCS values.
Proposal 11:  [bookmark: _Ref163049147]For multiple point modeling, RAN1 models the RCS of each point and the related link in the same way as single point, and the correlation between multiple points should be considered.

[bookmark: _Ref162855848]Doppler Enhancement
[bookmark: OLE_LINK8]Like what TR38.901 defines towards the communication channel, the Doppler in sensing channel can be defined according to constant speed and dual mobility. However, in addition to the Doppler frequency shift induced by the bulk motion of a sensing target, the target or any structure on the target undergoes micro-motion dynamics, such as vibrations or rotations. The micro-motion dynamics induce Doppler modulations on the signal, referred to as the micro-Doppler effect [10]. For example, human micro motion, e.g., expiration and inspiration, gesture recognition, standing up and falling and so on, will induce Doppler changes, which are not yet modelled in TR38.901. Besides, for these micro-movements, the conventional detection measurements, e.g., amplitude detection, usually require ultra-wideband signals due to the very small amplitude of these movements. Considering the bandwidth limitation in actual, a feasible and simple measurement approach for these micro-movements could be a Doppler detection. For example, for human micro-movements, although the amplitude of these movements varies only at the centimeter level, e.g., the maximum amplitude of expiration and inspiration is only 2cm, significant changes in phase can be observed simply by using centimeter or millimeter wavelength signals.
In radar system, the micro-Doppler formulas induced by several typical basic micro-motions, e.g., vibration, rotation, tumbling and coning motion, are derived, which can reflect these actual micro movements [10]. Similarly, in ISAC scenarios, e.g., human indoor, the Doppler component caused by different human motions (e.g., expiration and inspiration, gesture recognition, standing up and falling) need to be studied to reflect these actual human micro movements.
Proposal 12:  [bookmark: _Ref163049152]Study Doppler frequency component to reflect actual human motion (e.g., gesture recognition, expiration and inspiration, standing up and falling down), in addition to traditional Doppler shift modeled in TR 38.901.

[bookmark: _Ref162855853]Spatial Consistency Enhancement
[bookmark: _Ref162798949]Basic spatial consistency procedure 
In the spatial consistency modeling of the sensing channel, the principle is to reuse the spatial consistency modeling given in TR38.901 as much as possible. The spatial consistency procedure is spatially consistent for drop-based simulations. As depicted in Figure 4, the network topology is divided by the grids, where a TRP is in the center of grids, and the UEs are random-uniformly dropped wherein. According to the locations of TRP and four edge points (denoted as P1, P2, P3 and P4), four spatial consistent parameter sets associated to P1, P2, P3 and P4 are generated, respectively. Note that the distance between P1 and P2, or P1 and P4 is defined as correlation distance. Each spatial consistent parameter set associated to the link between TRP and UE, say Link-1 or Link-2, is then derived from the four spatial consistent parameter sets by means of the interpolation. This, in general, is considered as a TRP specific-network topology.
[image: ]
[bookmark: _Ref159161823]Figure 4: Spatial consistency procedure in TR38.901.
Unlike the communication channel from the TRP to the UE, however, in the modeling of the sensing channel, we have to consider the influence of the sensing target. This implies that there are three nodes (i.e., sensing transmitter, sensing target, and sensing receiver) involved to form two channel links in the modeling of the sensing channel, namely, the channel link from the sensing transmitter (i.e., TRP) to the sensing target, say Link-TS, and the channel link from the sensing target to the sensing receiver (i.e., UE), say Link-S1 or Link-S2, respectively, as depicted in Figure 5 (a). If the channel parameter set is classified into the TRP specific-level and the network level (i.e., all-correlated) as defined in TR38.901, the spatial-consistency of the channel Link-TS, can be maintained, but the spatial-consistency of the channel link, i.e., Link-S1 or Link-S2, could be collapsed. As a consequence, the fusion sensing channel changes drastically if sensing target or sensing receiver is in motion.
Observation 1:  [bookmark: _Ref159235674]Spatial consistency procedure defined in TR38.901 is workable for the link between the sensing transmitter (TRP) to the sensing target, but unworkable for the link between the sensing target to the sensing receiver (UE).

[image: ]
[bookmark: _Ref157616859]Figure 5: Spatial consistency procedure for bi-static sensing mode.

Spatial consistency for single-target-related sensing channels:
For ISAC channel based on stochastic approach, to model spatial consistency in single-target-related channels for bi-static and mono-static sensing mode, we consider classifying the channel parameter set into the network level (i.e., all-correlated) and sensing-target-specific level. For network level correlations, on one hand, the corresponding parameter set remains the same as defined in TR38.901. For sensing-target-specific level correlations, on the other hand, the spatial consistency is kept in the parameter sets of channel links from sensing transmitters and sensing receivers to the same sensing target, as shown in Figure 5 (a). When the node(s) moves, the relative movement of sensing transmitter and receiver relative to the sensing target needs to be considered to determine the grid position on which the update channel parameter set need to be based. As an example, if the sensing target moves one grid to the right, equivalent to sensing UE1 moving one grid to the left relative to the sensing target, then the parameter set of Link-S1 from sensing target to UE1 should be updated by employing the interpolation based on the four spatial consistent parameter sets associated to P1, P2, P3 and P4, as well as the location of UE1 in the 1st column and the 5th row of the grid in Figure 5 (b). In another example, if the sensing target and sensing UE1 moving with the same direction and speed, the sensing target and sensing UE1 remain relatively static, then the parameters of Link-S1 between sensing target to UE1 remain unchanged, but the parameters of Link-TS and Link-S2 between TRP/UE2 and the sensing target still need to be updated based on the same spatial consistency procedure. This method can model the correlation between links passing through the same sensing target and it is workable for the location deterministic or stochastic modeling for clusters along with the sensing target as well.
For mono-static sensing model, the sensing transmitter and sensing receiver are deployed with the same position, which can be considered as a special case of the sensing-target-specific level correlation method. Besides, considering the sensing transmitter and sensing receiver to be regarded as one node for mono-static, the spatial consistency modeling can also follow-up what defined in TR38.901, especially for TRP mono-static. All the parameters and the corresponding correlation types are listed in Table 1.
[bookmark: _Ref157616897]Table 1: Correlation type of channel parameter set.
	Parameters
	Correlation type

	
	TR38.901
	Sensing channel

	Delays
	Site-specific level
	Sensing-target-specific level

	Cluster powers
	Site-specific level
	Sensing-target-specific level

	AOA/ZOA/AOD/ZOD offset
	Site-specific level
	Sensing-target-specific level

	AOA/ZOA/AOD/ZOD sign
	Site-specific level
	Sensing-target-specific level

	Random coupling
	Site-specific level
	Sensing-target-specific level

	XPR
	Site-specific level
	Sensing-target-specific level

	Initial random phase
	Site-specific level
	Sensing-target-specific level

	LOS/NLOS states
	Site-specific level
	Sensing-target-specific level

	Blockage（Model A）
	All-correlated
	All-correlated

	O2I penetration loss
	All-correlated
	All-correlated

	Indoor distance
	All-correlated
	All-correlated

	Indoor states
	All-correlated
	All-correlated



Proposal 13:  [bookmark: _Ref159235806]For sensing channel based on stochastic approach, study the enhanced spatial consistency; the spatial consistency modeling defined in TR38.901 can be a starting point, in consideration of sensing-target-specific network topology.

Moreover, it is noted that existing spatial consistency modeling in TR38.901 and the proposed spatial consistency modeling for sensing channel are mainly 2D-based. However, for some scenarios, e.g., UAV, 3D-based spatial consistency model may be needed. Luckily, we can modify the proposed 2D-based spatial consistency method easily to support 3D spatial consistency requirements, i.e., firstly extend the 2D grid topology to a 3D grid topology, and then, use 3D interpolation method to get random values.
Observation 2:  [bookmark: _Ref163049095]For some scenarios, e.g., UAV, 3D-based spatial consistency model may be needed; extending 2D-based spatial consistency method still supports 3D-based spatial consistency.
Proposal 14:  [bookmark: _Ref163049159]Extend 2D-based spatial consistency method to support 3D-based spatial consistency for some scenarios, e.g., UAV.

Spatial consistency for multi-targets-related sensing channels:
So far, the proposed method mentioned above only considers the spatial consistency of links related to sole target, which cannot guarantee the spatial consistency of links across different targets. As shown in Figure 6, if these targets and UEs are spatially nearby, the link TRP-Target1-UE1, the link TRP-Target2-UE2 and the link TRP-Target3-UE3 should be relatively correlated.
Observation 3:  [bookmark: _Ref163049097]Spatial consistency for the links through different targets should be considered.
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[bookmark: _Ref162620931]Figure 6: Different links through different targets.

To model spatial consistency for the links through different targets, we propose a new method named by “random variable interpolation method” based on the correlated grid topologies, shortly named as RVIM. That is, based on the proposed spatial consistency for single-target-related links, we first model the correlation of grids associated with different targets, and then use interpolation method to build spatial consistency in between.
Specifically, the following steps are given to build spatial consistency between the links through different targets. Taking the random variables used in delay generation (step5 in TR38.901 Clause 7.5) as an example, the random value generation procedure is as follows: 
Step1: Generate the correlation coefficient between different targets, similar to step4 in TR38.901 Clause 7.5.
· Step1-1: Assuming there are  sensing targets. Generate the cross-correlation matrix of the  targets. The cross-correlation matrix  is expressed as

where each element in  represents the correlation coefficient between any paired two targets,  is the distance between two targets;  is the correlation distance, which can be used as provided in Section TR38.901 Clause 7.6.3.
· Step1-2: Generate Cholesky's decomposition of the cross-correlation matrix . The decomposition result is expressed as

· Step1-3: Randomly generate a vector  that contains  values, each of which is a complex normally distributed random value obeying .
· Step1-4: Generate , where  is a complex vector that contains  values.
· Step1-5: Get the phase of each element in , expressed as

where  is a vector that contains  values, and each value  in  satisfies . 
· Step1-6: Use the elements of  in sequence as correlation coefficients of the  targets, respectively. For example, correlation coefficients of targets  is , where .
Step2: Generate the grid associated with each target, where these grids are correlated.
· Step2-1: Generate a grid that applies to all  targets. The values in this grid are expressed as .
· Step2-2: For each target , where , randomly generate a grid, the values in which are expressed as 
· Step2-3: Use the correlation coefficients  of target  to update the values of the grid of target . The updated values of the grid of target  are expressed as  where, 





Step3: Use interpolations method, same as the procedure illustrated in Figure 5, to generate random value used in channel generation. 
Finally, by Step1, 2, and 3 mentioned above, not only the correlation between links through same target, but also the correlation between links through different targets can be modeled.
Proposal 15:  [bookmark: _Ref163049162]Study the enhanced spatial consistency for sensing channels through different targets, in consideration of the proposed random variable interpolation method (RVIM) based on correlated grid topologies.

Spatially-consistent Target/BS/UE Mobility modelling
In TR38.901, two alternative spatial consistency procedures – Procedure A and Procedure B – are presented for spatially-consistent UT/BS mobility modelling. In ISAC channel modeling, similarly, the enhancement of spatial consistency requires additional consideration of sensing target movement. 
Specifically, when sensing target, TRP and UE are static, the basic enhanced spatial consistency in Section 2.4.1 can be applied. When considering mobility, the Procedure A in TR38.901 Clause 7.6.3.2 needs some modifications to apply to the ISAC channel modeling. For example, when the sensing target speed is taken into account, the change of distance can be expressed as:

Proposal 16:  [bookmark: _Ref163049164]For spatially-consistent UT/TRP/Targets mobility modelling, the enhancements on Procedure A can be considered. 

[bookmark: _Ref162802676]Methodologies of Channel Model Validation
According to the off-line discussion in RAN1 #116 [3], the following proposals seem to be the RAN1 consensus.
	· Proposal 4.2-1a: 
· An interested company is encouraged to submit a proposal for ISAC channel modeling as extension to section 7, TR 38.901, together with validation results if available
· Up to each company to select the way for validation
· Option 1: Experimental results
· Option 2: Ray-tracing based results
· Option 3: Experimental results to validate a ray-tracing model, then the ray-tracing based results to validate the ISAC channel model
· Up to each company to validate the RT model in subset of frequency, etc.
· Offline proposal
· If map-based hybrid model as extension to section 8, TR 38.901 is supported, consider following way for validation
· Option 1: Experimental results



Proposal 4.2-1a in RAN1 #116 provides two options for channel model validation. The experimental results from actual environment according to the scenario defined in RAN1 for the ISAC applications is the most direct method to obtain the channel parameter characteristics. In this methodology, the biggest challenge is the time and labor costs. Generally, it requires countless labors, and burns too much time to measure the actual channel data with overall fixed frequency-related configurations due to many factors, such as the equipment calibration and the environment stability.
The methodologies based on the ray tracing and experimental results, where the ray tracing is an auxiliary-intermediate tool to bridge the relationship between stochastic channel model and experiment results, can harvest the benefits offered from both ray tracing and experiment in the actual environment. Time and labor costs on the experiment can be saved and the measurement data between different proponents can be aligned by means of the ray tracing platform based on the acquired channel measurements.
The procedure can be summarized as follows:
· Channel data collection from experiment campaign
· Collect the experiment data from the experiment campaign in the actual environment. The experiment scenario can be based on the different use cases, e.g., either a use case of intruder detection or a use case on contactless sleep monitoring service.
· Record the detailed scenario information for the channel measurement.
· Electromagnetic parameter calibration and channel model acquisition
· Generate the channel model of the same experiment scenario based on the RT auxiliary-intermediate tool.
· Determine each electromagnetic parameter value of each object in the scenario based on the adjustment mechanism between the experiment results and the generated results from the RT platform, after the comparison.
· Acquire the channel parameter information associated with different scenario layout (e.g., the scenario topology RAN1-defined) and different UE location configurations by the RT platform.
· Data combination
· Convert the collected channel data into mathematical model.
Consequently, the RT simulator can be used to calculate the final channel model parameter corresponding to the scenario RAN1-defined based on the experiment data by the electromagnetic parameter calibration. Finally, the channel test scenarios from different proponents can be consistently aligned according to the RT platform.
It is worth noting that, RT-based methodology is not mandated for each proponent to follow up due to the limited TU workload. Since this aims to significantly improve the accuracy and reduce the experiment cost and complexity for channel model design, RAN1 should capture the outcomes if some proponents submit the relevant results.
Proposal 17:  [bookmark: _Hlk162622390][bookmark: _Ref163049168]The experimental results and combination-based methodology of experiment and ray tracing should both be adopted for channel model validation. 

Regarding the map-based hybrid channel model, on the other hand, it relies on both deterministic and stochastic mechanisms, which implies that some part is on the deterministic way and some part is on the stochastic way. According to the channel generation procedure defined in Section 8 of TR38.901 as shown in Figure 7, the deterministic part includes scenario configuration and cluster generation based on ray tracing, which contains many remaining issues. 


[bookmark: _Ref162800582]Figure 7: Map-based hybrid channel model procedure defined in TR38.901.
First of all, this channel model procedure has never been utilized and well-calibrated for any performance evaluation in LTE and NR specification so far. It has neither shown any workable evidence nor confirmed the feasibility due to the lack of the detailed descriptions for the realization of simulator development.
Secondly, due to the divergence of RT products, the validity of the channel result based on RT output cannot be guaranteed without the calibration. Thus, the commercial RT products from different proponents must be calibrated to ensure the performance consistency in the soft layer.
Moreover, the digital map design is also a critical issue. The digital map should consider different scenario including UMa, UMi, Indoor, etc. For instance, the digital map for indoor scenario should contain different objects such as walls and desks. The location and the number of the objects should be deterministically defined. the digital map for outdoor scenario should consider more specific factors such as the profile and location of architecture, the topology of transportation system, etc. It seems that designing different digital maps for each scenario is a huge project, which would introduce extra time and labor overhead.
[bookmark: OLE_LINK4]Furthermore, the electromagnetic parameters for different object in different frequency need to be unified. The electromagnetic parameters contain the reflection coefficient, transillumination coefficient, scatter coefficient, etc. The methodology to obtain these electromagnetic parameters is diverse and have not been unified in the industry. For instance, as mentioned above, the electromagnetic parameters can be well obtained according to the actual experimental results and the calibration procedure based on RT platform. Alternatively, the electromagnetic parameters of different object can also be obtained from ITU-R P.1238 or ITU-R P.2040.
Finally, based on the analysis above, the map-based hybrid channel model remains many issues at present and some issues are complicated that need huge extra time overhead. Given that the limited TU and the goal of simple channel design for ISAC channel model, the map-based hybrid channel model should be excluded.
Observation 4:  [bookmark: _Hlk162622561][bookmark: _Ref163049102]Map-based hybrid channel model seems not well-calibrated and its feasibility is not yet confirmed.
Proposal 18:  [bookmark: _Hlk162623009][bookmark: _Ref163049170]RAN1 excludes the map-based hybrid model for ISAC channel model. 

Procedure of Channel Modelling
At the common channel model framework, we attempt to describe the procedure of ISAC channel modeling, which can be classified as what follows.
Common design
Theoretical analysis, focusing on the impact of channel model designing in the different sensing mode and different deployment scenario (e.g., indoor scenario and outdoor scenario) and different use case, should be considered firstly. The basic consensus for ISAC channel model should be given under the assumption of a common channel modeling, that should be workable for most of use-cases and sensing modes in various deployment scenarios. For instance, the channel model between TRP and sensing target has not been modelled in TR38.901, and how to combine them at a common channel model framework is a critical remaining issue.
Proposal 19:  [bookmark: _Ref163049174]RAN1 studies on a common channel model for all the sensing mode, deployment scenario and use case. 

Channel generation design
For ISAC channel modelling, the channel model should consider both sensing channel model and communication channel model since the coexistence condition between the sensing link and the communication link is a critical issue for ISAC solution design. As we agreed in the last meeting, the sensing channel model can be formed by two channel components: one for target(s) and the other for background, presented as . The communication channel model can reuse the generation procedure defined in TR38.901.
Proposal 20:  [bookmark: _Ref163049176]The channel model for ISAC should consider the sensing channel model and communication channel model simultaneously. 

Firstly, the primary issue is how to model the two channel components in the sensing channel model. As the agreement in the last meeting, for instance, one critical issue is how many nodes should be deterministically considered in the channel model generation procedure, i.e., whether/how to model environment object(s), i.e., object(s) with known location, other than sensing target(s). 
The next step is to determine the calculation methodology of channel characteristics among different nodes deterministically modelled. The channel characteristic contains many aspects as following:
· Large scale fading, which includes pathloss and shadow fading calculation procedure, and the judgment mechanism of LOS/NLOS condition for each link.
· Small scale fading, which includes the modelling scheme of the channel cluster and corresponding generation method of delay, angle and power for each cluster or ray.
· RCS modelling, which contains many issues needed to be resolved, such as whether/how to model the RCS of each target or environment object with multi-point or single-point mentality.
· Spatial consistency, which should take the link between sensing target and UE, and the link between multi-target into consistency consideration.
· Doppler enhancement, which brings benefit for the sensing scenario, i.e., expiration and inspiration, gesture recognition, standing up and falling, walking rate detection and other human behavior detection and recognition.
Based on the channel characteristics calculation scheme, a set of common parameters can be concluded, which are workable for the different scenarios, only with different corresponding values defined. The detail values for each common parameter should be defined based on the experiment campaigns.
The last step is the combination of sensing channel model and communication channel model. RAN1 should study the combination methodology when the sensing channel model designing is completed. However, RAN1 may face an issue how to ensure the consistency for communication link if ISAC channel model is in use as compared to the legacy channel model in TR 38.901.
Regarding the channel model for LLS, it is common understanding that LLS-based channel model is the subcase of SLS-based channel model. Therefore, as long as SLS-based channel is well modeled, LLS-based channel modeling can be simplified accordingly. It is recognized that, therefore, LLS-based channel modeling does not cause additionally considerable workload in the study item. As a solution, the LLS channel model generation for ISAC can follow the procedure of SLS-based channel model or update the channel parameter based on experiment result only. RAN1 should study the LLS-based channel model when the majority contents for SLS-based channel model have been completely determined.
Proposal 21:  [bookmark: _Ref163049178]RAN1 studies the LLS-based channel model after the majority contents for SLS-based channel model are completed.

Experiment campaign
As mentioned in the channel generation designing, the experiment campaign for validating the channel parameter is essential for ISAC channel modelling. The exact value or mathematical model of each parameter can be defined based on the experiment results. Two options have been provided in the Section 3 and each company can select the favorable scheme to obtain the experiment result. It is worth noting that the experimental measurement for ISAC channel can be simultaneously discussed with the channel modelling scheme designing.

Channel model calibration
In addition, RAN1 needs to calibrate the simulator developed by each proponent for alignment. This will improve the accuracy in the future performance evaluation during 6G standardization. The calibration between the proponents can be carried out based on the newly defined channel model, in consideration of the alignment of calibration methods, calibration parameters, and calibration KPI(s) used by each proponent. Both the SLS-based and LLS-based simulator are expected to be calibrated.

Conclusions
In this contribution, we have expressed our views on two component-based channel modeling for ISAC. Meanwhile, we have discussed the relevant issues on the sensing target, Doppler enhancement, and spatial consistency. Furthermore, we further described the methodologies for channel model validation and the necessary procedure of channel modeling. The observations and proposals are summarized as follows.
Observation 1: The interaction link between sensing target and environment object can improve the sensing performance.
Observation 2: For background channel component, the LOS ray between the sensing Tx and Rx, and the link passing through the environment object can assist the improvement of sensing performance.
Observation 3: The modeling of environmental object can improve the channel modeling accuracy but may change the statistical characteristics of the channel and increase the modeling complexity.
Observation 4: Sensing target modeling with single point scatter is enough if the target size is small, or the use case is insensitive to the sensing target size and/or shape.
Observation 5: A sensing target needs to be modeled with multiple point scatters if the target size is large, or the use case has high sensing requirements.
Observation 6: The RCS of complex objects is difficult to be modeled accurately with a general and simple formula, and it requires a complex transformation between the global and local coordinate system when depending on angle of incident/scattered ray.
Observation 7: The RCS with single point scatter of target can be simply generated by computational formulas, fixed average values, or some probability distributions, e.g., Gaussian distribution, uniform distribution, or Swerling model.
Observation 8:  links can be independently generated and the correlation between  scattering point and related links need to be further considered if the sensing target needs to be modeled as  multiple point scatters.
Observation 9: Spatial consistency procedure defined in TR38.901 is workable for the link between the sensing transmitter (TRP) to the sensing target, but unworkable for the link between the sensing target to the sensing receiver (UE).
Observation 10: For some scenarios, e.g., UAV, 3D-based spatial consistency model may be needed; extending 2D-based spatial consistency method still supports 3D-based spatial consistency.
Observation 11: For some scenarios, e.g., UAV, 3D-based spatial consistency model may be needed; extending 2D-based spatial consistency method still supports 3D-based spatial consistency.
Observation 12: Spatial consistency for the links through different targets should be considered.
Observation 13: Map-based hybrid channel model seems not well-calibrated and its feasibility is not yet confirmed.

Proposal 1: Stochastically determine LOS or NLOS for each path based on LOS probability.
Proposal 2: The maximum paths forming a link should be limited to some number, e.g., ≤ 3 as a starting point.
Proposal 3: Using the following procedure to generate the channel link can be considered as a starting point: a) independently generate the channel for each path relying on the methodology of TR 38.901, b) determine the state of each path based on the LOS probability, c) generate individual K-factor to control power distribution for LOS state, and d) combine the relevant paths to form the channel link.
Proposal 4: Modeling the interaction link between sensing target and environment object (if modeled), or between different sensing targets, only when the state of each path that forms the link is LOS.
Proposal 5: LOS/NLOS propagation between the sensing Tx and Rx determined based on the LOS probability should be considered in background channel component.
Proposal 6: In background channel component, clutters should be modeled by reusing TR38.901 procedure, and environment object should keep the channel modeling as simple as possible.
Proposal 7: Study sensing target modeling with single point scatter as a start point, and multiple point scatters can be optional for some target types and/or complex use cases.
Proposal 8: Model the environment object in the same way as the sensing target, but should be kept as simple as possible.
Proposal 9: The RCS needs to be studied and defined at least for the objects listed in SID, i.e., UAVs, humans, automotive vehicles, automated guided vehicles and objects creating hazards on roads/railways.
Proposal 10: Study the RCS modeled by large-scale level model independent of the angle of incident/scattered ray.
Proposal 11: For multiple point modeling, RAN1 models the RCS of each point and the related link in the same way as single point, and the correlation between multiple points should be considered.
Proposal 12: Study Doppler frequency component to reflect actual human motion (e.g., gesture recognition, expiration and inspiration, standing up and falling down), in addition to traditional Doppler shift modeled in TR 38.901.
Proposal 13: For sensing channel based on stochastic approach, study the enhanced spatial consistency; the spatial consistency modeling defined in TR38.901 can be a starting point, in consideration of sensing-target-specific network topology.
Proposal 14: Extend 2D-based spatial consistency method to support 3D-based spatial consistency for some scenarios, e.g., UAV.
Proposal 15: Study the enhanced spatial consistency for sensing channels through different targets, in consideration of the proposed random variable interpolation method (RVIM) based on correlated grid topologies.
Proposal 16: For spatially-consistent UT/TRP/Targets mobility modelling, the enhancements on Procedure A can be considered.
Proposal 17: The experimental results and combination-based methodology of experiment and ray tracing should both be adopted for channel model validation.
Proposal 18: RAN1 excludes the map-based hybrid model for ISAC channel model.
Proposal 19: RAN1 studies on a common channel model for all the sensing mode, deployment scenario and use case.
Proposal 20: The channel model for ISAC should consider the sensing channel model and communication channel model simultaneously.
Proposal 21: RAN1 studies the LLS-based channel model after the majority contents for SLS-based channel model are completed.
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