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1. Introduction
A revised study item on integrated sensing and communication (ISAC) channel model was approved as part of 3GPP Release 19 in RANP [1]. The objective of the study is to identify ISAC deployment scenario and further define channel modeling details to support the deployments and use cases. In RAN1#116bis [2], The following agreements were made mainly on modeling of the target channel and the RCS modeling:
	Agreement
The following cases of radio propagation in the target channel are considered for the study

	Case
	Tx-target 
	Target-Rx 

	1
	LOS condition
	LOS condition

	2
	LOS condition
	NLOS condition

	3
	NLOS condition
	LOS condition

	4
	NLOS condition
	NLOS condition



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

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

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

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

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

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

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

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



In this contribution, we will discuss our views and preferences on channel modeling, with main focus on the required new features to support sensing targets modeling. 
Discussion
Topology of ISAC channel model
In our view, the common topology for ISAC channel model can be illustrated in Figure 1. It was agreed in the previous meeting that the ISAC channel is composed of target channel and background channel. The target channel includes all the multipath components impacted by the sensing target and the background channel, including other multipath components not belonging to the target channel. In our understanding, this proposed topology suggests defining five different sensing entities: Tx node, Rx node, Sensing Target (T), Environment Object (EO) and Background (B). The Sensing Target (T) here refers to the passive objects such as vehicles, UAVs and humans that are to be detected by the sensing operation. In contrast, Environment Object (EO) and Background (B) represent objects or clutters that are not of interest to the sensing operation (i.e., other objects than the sensing target objects). The key distinction between EO and B is their location information, EO has known location, but the B does not. 

[image: ]
[bookmark: _Ref163125028]Figure 1: Illustration of the ISAC channel model topology 
In addition to the sensing target, the inclusion of environment objects was proposed in the sensing channel components. In our view, the environment objects were introduced in ISAC channel modelling primarily to account for the two-bounce propagation link Tx-T-EO1-Rx or TX-EO2-T-RX, which might be utilized to detect or localize the sensing target. Therefore, modelling the link between T-EO becomes necessary. In terms of the channel modelling from environment object to different other entities, such as Tx-EO, EO-Rx and T-EO, we prefer to model them with only LOS ray. We believe that adding NLOS rays to these links, such as a link Tx-T-B-EO-Rx or a link Tx-EO-B-Rx, would not significantly contribute to the sensing performance, as the power level of such links with NLOS rays is relatively small and considered negligible. 
[bookmark: _Toc166237459]Proposal 1:Environment object related links (i.e., Tx-EO, EO-Rx and T-EO) should contains LOS ray only in target channel modelling. This can reduce the modelling complexity.   
As for the environment object modelling, two types of environment objects, Type-1 EO and Type-2 EO, were considered in the target channel modelling as discussed in the previous meeting. Type-1 EO is defined similar to the sensing target such as a vehicle or a human in the automotive scenario, or a bird in the UAV scenario. This type of environment object can be modeled following the same way as modeling of the sensing target. In contrast, Type-2 EO is different from the sensing target. It represent the objects which has extremely large size like a ground or wall of a building. This type of environment object can be modeled by reusing the ground reflection feature as described in section 7.6.8 in TR 38.901.  In our view, both of these EO types may have influence on the signal scattered through the target, e.g., Tx-EO-T-Rx, and thus should be considered in the target channel.
[bookmark: _Toc166237460]Proposal 2: Both of the Type-1 EO and Type-2 EO should be considered in the target channel modelling.
[bookmark: _Toc166237461]Proposal 3: Reflection from the ground (Type-2 EO) can be modelled based on section 7.6.8 in TR 38.901.
The background channel of the ISAC channel includes other multipath components not belonging to target channel as illustrated in Figure 1. It comprises the LOS ray between the Tx and Rx, the rays scattered from the background, and the rays scattered by the environment object such as the EO1 and EO3 as shown in the figure. We consider that the environment objects EO1, which is common to both target and background channel, can be utilized to improve the sensing performance. For instance, in Figure 1 EO1 is involved into two types of links in the channel topology: the blue (Tx-T-EO1-Rx) and the black (Tx-EO1-Rx) links. As a way to obtain target information, the sensing receiver may consider taking the properties difference between the blue link in the target channel and the black link in background channel. Thus, the common environment object, i.e., the EOs that is common to both the target channel (i.e., TX-Target-EO-RX) and the background channel (TX-EO-RX) should be considered in the channel modelling. 
EO3 in contrast, only are involved into the background channel but not the target channel. Modeling this type of object not only have very minor impact on the sensing performance but also will increase the modelling complexity. Therefore, we consider removing this type of EO from the topology.
[bookmark: _Toc166237462]Proposal 4: The environment object (EO) that are common to both target channel and background channel, such as EO1, should be considered in the channel modelling. 
[bookmark: _Toc166237463]Proposal 5: Do not consider the environment object (EO) that is not involved into target channel, such as EO3.
In RAN1#116bis meeting, we discussed on how to model the link Tx-Target-Rx. Three different options were proposed:  
· Option 1: Concatenation method, e.g., concatenating of path(s) from Tx to target and from target to Rx,
· Option 2:  Joint method, e.g., modelling the Tx-to-Rx path(s) satisfying Tx-Target-Rx geometry,
· Option 3: Combination of Option 1 and Option 2.
Among these three options, we think that both option 1 and option 2 can properly model the target channel. It can also achieve the same or similar performance if the channel parameters are well calibrated. In our view, the only distinction between 1 and 2 is the selection of the ray which act as the reference.  In TR 38.901 geometry-based channel model, the reference ray is the LOS ray from Tx and Rx, which need to be generated based on the geometry location of Tx and Rx. When further generating the MPCs, e.g., calculating the power, delay and angle of the MPCs, the channel model will take the LOS ray from Tx to Rx as the reference. For instance, the powers of clusters are scaled by k-factor in relation with the power of the reference ray. The delays of clusters are also scaled by the delay spread in relation with the delay of the reference ray. In the light of the communication channel model design, we observe that the reference ray in Option 1 and Option 2 are not the same: Option 1 needs separate modelling of Tx-Target and Target-Rx and thus the reference rays are the Tx-Target LOS ray and the Target-Rx LOS ray, while in Option 2, the reference ray is the scattered Tx-Target-Rx ray. 
[bookmark: _Toc166218076]Observation 1: Concatenation method (Tx-target + Target-Rx) and joint method (Tx-Target-Rx), have different reference rays when generating MPCs. Concatenation method takes the LOS Tx-Target ray and the LOS Target-Rx ray as references in generating MPCs, while joint method takes the scattered ray Tx-Target-Rx as the reference.
Therefore, we can foresee that the selection of the modelling method may not have big impact to the performance. On the other hand, the essential part that may impact the performance is the small-scale parameters which are measured relative to the reference ray. From the aspect of channel measurement, we think that the channel parameters defined for communication channel between Tx and Rx in TR 38.901 can be mostly reused in option 1 for modelling of Tx-Target and Target-Rx. The target (such as human) may have the same/similar location distribution as UE and subsequently experience a similar channel. By considering that, we would slightly prefer option 1 considering the easiness of channel measurement in calibration phase. 
[bookmark: _Toc166237464]Proposal 6: Support using concatenation method (Option 1), e.g., concatenating of path(s) from Tx to target and from target to Rx, to model the target channel, for the ease of channel parameters measurement in the calibration phase.

Sensing Target Modelling
In RAN1#116bis meeting, one of the main discussions was about whether to model the sensing target with single or multiple scattering points. Firstly, in our view, the selection of single or multiple scattering points should take various factors into consideration. It has been brought up in RAN1#116bis that the size of the target and the distance to Tx/Rx should be considered and we agreed to further study. However, in addition to that, we consider the receiver’s measurement resolution is also essential.
Based on our understanding, the multiple scattering points model will be used mainly for object identification. This feature will allow the sensing receiver to resolve the sensing signals in delay or angular domain, which is not feasible for single scattering point model. For example, a target may have multiple scattering points, and each of scattering points may have their unique interactions with the sensing signal that leads to different scattered ray toward the receiver’s direction. This further leads to a phenomenon that, the scattered rays have different propagation time and different arrival angle at the receiver side. Correspondingly, a “spread” may appear in the measured channel response. 
[bookmark: _Toc166218077]Observation 2: Multiple scattering points model may generate multiple rays with different propagation time and arrival angle, which can be utilized for object identification. 
Thus, our criteria in selection of single or multiple points is based on whether the receiver can resolve, or in the other word, have sufficient measurement resolution to distinguish, the “spread” in delay or angular response. For example, in a case that the receiver has delay resolution of 1.5 m. Modeling a vehicle may need more than 1 scattering point, since the receiver can resolve the rays. Let’s say, bounced from the rear and front bumper which may be geometrically separated by more than 4 m. This delay spread between rays from rear and front bumper may be utilized in object identification and thus should be properly modeled.  In the following, we provide further detailed analysis case by case: 
Firstly, resolving target by measuring angular spread is very unlikely, as angular resolution of the current system may not be good enough. Resolution of angle of arrival observed by a MIMO antenna is normally restricted by the number of antenna elements. In some references the angular resolution is defined by 180/N, where N is the number of antenna elements. In a case where the receiver only has 8 elements horizontally in the antenna, the angular resolution is 22.5 degree, which may not be useful for resolving a target in far field.  
Then, resolving target may rely mainly on delay spread of the rays. Delay resolution is defined by the system bandwidth. FR2 allows a maximum of 400MHz bandwidth which can be translated into 0.75m delay resolution. Therefore, if the size of the object is smaller than the delay resolution 0.75m, we consider the object is unresolvable in delay domain. In this particular case, a single point model should be applied instead. 
[bookmark: _Toc166237465]Proposal 7: Consider sensing receiver’s measurement resolution, such as delay, angular resolution, when determining single or multiple scattering points model.
As defined in SID [1], 3 types of sensing target, UAV, vehicle and human are the main focuses of the study item. The reference [3] describes a common dimension for each of them: UAV [0.3 m x 0.3 m x 0.1 m], Vehicle [4.7 m x 1.7 m x 1.5 m] and Human [0.5 m x 0.5 m x 1.75 m]. It can be observed that the maximum dimension of Human (1.75m) and Vehicle (4.7m) are larger than the delay resolution 0.75m in FR2 system. Therefore, these two types of targets should consider using multiple scattering points model. In contrast, UAV has smaller size than the resolution and should consider single scattering point only. 
[bookmark: _Toc166237466]Proposal 8: For modeling of vehicle and human, consider applying multiple scattering points, while for UAV, use single scattering point model only.  
In RAN1#116b meeting, we also discussed the RCS modelling when single scattering point model is used. Three options were considered: 
1) RCS value randomly generated by a distribution, 
2) RCS is a deterministic value, and 
3) Combination of both 1) and 2).

In our view, the above-mentioned agreement with 3 options basically covers all possible ways to generate the RCS values, e.g., deterministic, stochastic, and the combined method. However, it does not elaborate in which specific RCS groups these methods are applied. We propose RAN1 to discuss / study the follow up discussion on these three options and the modelling of multiple RCS values, such as:
1) The modelling of multiple RCS values among different target drops, if each target drop has only one RCS value.
2) The modelling of multiple RCS values of a specific type of target, if one target type has multiple RCS values, e.g., at different angle or scattering points. 

[bookmark: _Toc166237467]Proposal 9: Further study on the RCS modelling with a group of RCS values:
· Option 1: The modelling of multiple RCS values among different target drops, if each target drop has only one RCS value.
· Option 2: The modelling of multiple RCS values of a specific type of target, if one target type has multiple RCS values, e.g., at different angle or scattering points. 

Spatial Consistency Procedure
Spatial consistency procedure is essential in ISAC, especially for drop-based model where clusters are generated stochastically. This feature ensures some levels of correlation among links connecting different entities, such as UEs and gNBs, throughout the space. It is especially important for the closely located links, as this method provides similar channel coefficients, instead of entirely random values. 
Reference [4] defines spatial consistency procedure for generating channel coefficients of links from gNB to UEs. In legacy communication, one gNB may communicate with multiple UEs. As depicted in Figure 2, multiple UEs (UE1, UE2 and UE3) are dropped randomly at different locations within the same cell. gNB1 establishes communication with these three UEs, resulting three links, e.g., link gNB1-UE1, link gNB1-UE2 and link gNB1-UE3.
[image: ]
[bookmark: _Ref163126765]Figure 2: A typical topology of channels for communication.
The channel coefficients, including LOS/NLOS states, cluster power/delay/angle, XPR, initial phase, are generated via a spatial consistency procedure. For the simulation purpose, this procedure can be carried out by three steps: 
Calculate the correlation coefficients (or a correlation matrix) between links, such as the correlation coefficient between link gNB1-UE1 and link gNB1-UE2. 
Generate a set of Gaussian (Normal) distributed  (or uniform distributed ) random variables that follows a prescribed correlations generated from the previous step. 
Compute the channel coefficients based on the correlated random variables using the model provided in TR 38.901 [4]. 
In step 1, the correlation between one gNB-to-UE link and another gNB-to-UE link is considered. For simplicity, a mathematical form  is used here to describe the correlation coefficient of the link  and the link . The UE and gNB in these two links can refer to either the same or different entities, resulting in four 4 different combinations of links: {}.
Reference [4] defines a so-called site-specific correlation, indicating that the co-sited links, e.g., the UE-gNB links that are established within the same gNB site (), are correlated. The corresponding correlation coefficients is an exponential decay function dependent of the distance between two UEs. 

Where  denotes the distance from  and .  denotes the correlation distance. 
For other combinations, the links between different gNBs to the same UE (), and the disjoint links (), are defined as uncorrelated, resulting in correlation coefficients of 0. Conversely, the links from same UE drops and same gNB drops () are fully correlated, thus the correlation coefficient is 1. According to this equation, one can observe that the correlated random variables are independent to gNB’s location. Only the UE-to-UE distance is relevant.  
[bookmark: _Toc166218078]Observation 3: Channel coefficients, including LOS/NLOS states, cluster power/delay/angle, XPR, initial phase is defined as site-specific in TR 38.901. The correlation of the co-sited links is dependent of UE-to-UE distance.  
In Step 2, after calculating the correlation coefficients or a correlation matrix, one can generate a set of correlated Gaussian (Normal) distributed  (or uniform distributed ) random variables. This can be done by various approaches. One typical approach is by Cholesky decomposition. To visualize the spatial distribution of these variables, we simulate a Gaussian random variable map, as shown in Figure 3. The upper plot depicts the map with spatial consistency, while the lower one depicts the map without consistency. In this example, random variables are generated at each 1m-by-1m grid in the layout, resulting in a total of 120-by-60 samples of random variables captured in each plot.
[image: ]
[bookmark: _Ref163126805]Figure 3: a set of Gaussian distributed  random variables  generated with / without spatial correlation. Each of the colored grid has size of .
Based on this simulation, we can observe a different random variables distribution across the space. In the upper plot, where spatial consistency is applied, the random variables evolve smoothly. This guarantees two similar channel coefficients can be observed at two spatially close UEs. his spatial consistency feature benefit not only the scenario where two separate UEs are close to each other but also scenarios involving a single moving UE. This is because a moving UE can be modeled as multiple correlated channel realizations at different location along its trajectory.  In contrast, lower plot shows rapid changes in random variables across space, which may not accurately represent the real-world channel characteristics. 
[bookmark: _Toc166218079]Observation 4: Spatial consistency allows the channel coefficients evolve smoothly throughout the space, which accurately represent the real-world channel characteristics. 
Step 3 is simply a procedure of transforming a set of normal distributed random variables   into channel coefficients. For example, reference [4] defines a mapping between Normal-distributed random variable and the LSPs. This can be achieved by simply scaling up the correlated random variables to a log-normal distribution, i.e.,  , with specified  and  value for different scenarios.
For ISAC channel modeling, we propose reusing the methodology outlined above as much has possible to support channel modeling between objects (i.e., sensing targets, environment objects) and gNBs/UEs. Specifically, we can apply the aforementioned three steps, to generate multiple correlated channel coefficients. However, to adopt a similar procedure, we need to first address the following two aspects regarding the spatial correlation in ISAC: 
· Identifying which two links in ISAC topology should be considered correlated and which are not.
· Determining how to model the correlation coefficient among different links – whether it is distance/angle-dependent or constant.  

[bookmark: _Toc166237468]Proposal 10: RAN1 to study these two aspects for defining new spatial correlation for ISAC:
· Identifying which two links in ISAC topology should be considered correlated and which are not.
· Determining how to model the correlation coefficient among different links – whether it is distance/angle-dependent or constant.  

Regarding the first aspect, ISAC has more complicated topology than the legacy positioning systems. It involves five different sensing entities: Tx, Rx, Sensing Target (S), Environmental object (EO), Background (B). Each of the entities may have connections to others, resulting in various types of links, such as link Tx-Rx, Tx-S, S-Rx, S-EO, etc. But these links are modeled via different approaches. Some of the links may be modeled as LOS ray only, while other links may be modeled as LOS ray + NLOS rays. 
In our view, the links containing only LOS ray inherently support spatial consistency as LOS properties, like delay and angle, are dependent of the geometry location of the sensing entities. In contrast, the links modeled as LOS ray + NLOS rays requires specific spatial consistency procedure, especially when the NLOS rays are modeled stochastically using model as described in [4].
Among the various identified ISAC links, the links S-EO and E-Rx may contain only LOS ray, thus natively supporting spatial consistency. In contrast, the links Tx-Rx, Tx-S and S-Rx may comprise both LOS ray and stochastic NLOS rays. Therefore, additional spatial consistency procedure should be considered in these cases.
[bookmark: _Toc166218080]Observation 5: In ISAC channel topology, the links with only LOS ray inherently support spatial consistency and thus no additional procedure should be carried out in simulation. Specifically, these links could be the link S-EO and link EO-Rx.
[bookmark: _Toc166218081]Observation 6: For the links modeled with multipath components, additional spatial consistency procedure should be carried out, especially if the clutters are generated stochastically (e.g., using the method as described in TR 38.901 [4]). Specifically, these links could be the link Tx-Rx, Tx-S and S-Rx.
Regarding the second aspect, given the fact that the Tx-Rx links, Tx-S links and S-Rx links may contains stochastic multipath components, defining a new correlation among those links becomes necessary. To simplify to problem, we treat Tx and Rx (or gNB and UE) as the same entities, denoted as AN (Access Node). Thus, we have the bi-static sensing topology depicted in Figure 4. In this case, with two ANs and two sensing targets, we have five different links, e.g., AN1-AN2, AN1-S1, S1-AN2, AN1-S2 and S2-AN2. In this specific example, the correlations among five links, such as the correlation between AN1-S1 and AN1-S2, the one between AN1-AN2 and AN1-S1, the one between AN2-S1 and AN2-S2, etc., should be considered.
[image: ]
[bookmark: _Ref163127363]Figure 4: Bi-static sensing topologies with only stochastic links. 
To extend the case to a larger scale with more ANs and more sensing targets, we use the mathematical form to describe the problems. The correlation can be categorized into two different types: 
1) Correlation between AN-S link and another AN-S link denoted as . 
2) Correlation between AN-AN link and AN-S link denoted as . 
The subscripts a, b, c, i, j in these notations may vary in different scenarios, resulting in different correlation. In particular, we select the following scenarios that should be taken care of in ISAC:
· Correlation between AN-S link and another AN-S link  , in cases where {}.
· Correlation between AN-AN link and AN-S link , in cases where {( ), (), ()}.

[bookmark: _Toc166237469]Proposal 11: For ISAC spatial consistency, two types of correlations should be considered: 1) Correlation between AN-S link to another AN-S link, 2) Correlation between AN-AN link to AN-S link. Note: AN is access node (UE/gNB), S is Sensing target. 
We discover the 3 options to model the correlation between AN-S link to another AN-S link :
Option 1: Sensing target-specific (object-specific) correlation:

Where  is the distance between the -th sensing target and the -th sensing target,   is the correlation distance.
Option 2: UE/gNB-specific consistency:

Where  is the distance between the -th AN and the -th sensing target,   is the correlation distance.
Option 3: New consistency:

The first 2 options are defined as a similarly to the spatial consistency procedure as described in [4], focusing on defining correlations between two links that share a common end. In option 1, links sharing a specific sensing target are considered as correlated, whereas in option 2, links sharing a specific AN are correlated.
However, option 1 and 2 only achieve correlation among a subset of links. In option 1, only the links from multiple ANs to the same target are correlated, while in option 2, only the links from one AN to multiple targets are correlated. One may want to achieve correlation across all the ISAC links. In this case, a new correlation such as option 3 is necessary, which defined correlations across all links. It is worth noting that different exponential decay functions may have different correlation distances, denoted as  and  respectively. These parameters shall be further defined in the calibration phase in the later stage.
[bookmark: _Toc159230607][bookmark: _Toc166237470]Proposal 12: For modeling spatial correlation between Link UE/gNB – sensing target and another Link UE/gNB-target , the following three options should be considered: 
· UE/gNB-specific spatial correlation (Correlated among a subset of links)
· Sensing target-specific spatial correlation (Correlated among a subset of links)
· New spatial correlation supporting both the above two correlations (Correlated across all the links)

In our perspective, option 1 and 2 have both pros and cons. Both options can be applied depending on the sensing use cases. For instance, in mono-static/bi-static object tracking scenarios, where a gNB/UE may need to continuously monitor one specific sensing target  and measure different sensing channel realizations along its trajectory. Option 1 - sensing target-specific consistency may be preferred as this method provides an incremental or temporally correlated changes of the channel coefficients across different realizations.  In the other cases such as multi-static sensing, option 2 has advantage since it provides correlation between links from multiple UEs/gNBs to one single target.    
Option 3, in comparison to option 1 and 2, can achieve correlation across all the links. However, it comes with downside of increased computational complexity. Option 3 introduces more pairs of correlated links, which significantly enlarges the correlation matrix. Consequently, the processing time for decomposing the correlation matrix will also increase significantly.  
[bookmark: _Toc166218082]Observation 7: Spatial correlation by different options is summarized in the table below:
	
	Applicability
	Pros
	Cons

	Option 1:
Sensing target-specific 
	Links from multiple UEs/gNBs to a sensing target
	1. low complexity
2. works well in multi-static sensing
	Inconsistent channels for links from one UE/gNB to multiple targets

	Option 2:
UE/gNB-specific 
	Links from one UE/gNB to multiple sensing target or one moving target with multiple realizations
	1. low complexity
2. works well in mono-/bi-static sensing 
	Inconsistent channels for links from one target to multiple UEs/gNBs

	Option 3:
New correlation
	All the links
	Can be applied in all scenarios
	High computational complexity



Furthermore, the correlation between link AN-AN and link AN-S can also be modeled in different ways. For simplicity, one way is not defining any correlation, e.g.,  , as the consistency of the clutters of link AN-AN may not significantly impacting sensing outcome. 
[bookmark: _Toc166237471]Proposal 13: For modeling simplicity, the link UE/gNB-UE/gNB and Link UE/gNB-target can be modeled as uncorrelated, e.g, = 0.
Doppler shift in ISAC channel
In sensing channel modeling, the movement of Tx, target and Rx during the sensing operation impacts the Doppler frequency component in fast fading modeling. As described in TR 38.901 chapter 7.6.10 [4], doppler frequency in communication channel is determined by the velocity vectors of TX and RX. However, The sensing channel model is not only involving Tx and Rx, but also the sensing target, the doppler frequency component should be updated by the following equation:


Where denotes the doppler frequency compenent at the -th cluster and the -th ray,  ,  refer to the direction spherical unit vector from Rx to target, and the one from Tx to target respectively, ,  and  denote velocity vectors of Rx and Tx and sensing target, is the wavelength of the sensing signal.

Regarding micro doppler modeling, we consider this is beneficial for sensing. It can be studied in the later stage of the SI. In some sensing use cases such as micro movement recognition and object detection between two similar shapes, relying solely on RCS for target recognition may not always be reliable. An alternative solution could be the Micro-Doppler assisted method, which has proven effective in some use cases. 

As the ISAC channel model study item aims to establish a common modelling framework capable of detecting and/or tracking the following example objects and to enable them to be distinguished from unintended objects. We consider first study the dual-doppler formula in fast fading modeling with considering both the doppler effect between Tx and target and the doppler effect between target and Rx. Subsequently, we can further study the micro-doppler model for object identification.

[bookmark: _Toc166237472]Proposal 14: In ISAC channel modeling, consider to study doppler formula in sensing channel first and then study micro-Doppler assisted method.

Conclusion
In this contribution, we share our views on the development of ISAC channel model. We made the following observations:
Observation 1: Concatenation method (Tx-target + Target-Rx) and joint method (Tx-Target-Rx), have different reference rays when generating MPCs. Concatenation method takes the LOS Tx-Target ray and the LOS Target-Rx ray as references in generating MPCs, while joint method takes the scattered ray Tx-Target-Rx as the reference.

Observation 2: Multiple scattering points model may generate multiple rays with different propagation time and arrival angle, which can be utilized for object identification.

Observation 3: Channel coefficients, including LOS/NLOS states, cluster power/delay/angle, XPR, initial phase is defined as site-specific in TR 38.901. The correlation of the co-sited links is dependent of UE-to-UE distance.

Observation 4: Spatial consistency allows the channel coefficients evolve smoothly throughout the space, which accurately represent the real-world channel characteristics.

Observation 5: In ISAC channel topology, the links with only LOS ray inherently support spatial consistency and thus no additional procedure should be carried out in simulation. Specifically, these links could be the link S-E and link E-Rx.

Observation 6: For the links modeled with multipath components, additional spatial consistency procedure should be carried out, especially if the clutters are generated stochastically (e.g., using the method as described in TR 38.901 [4]). Specifically, these links could be the link Tx-Rx, Tx-S and S-Rx.

Observation 7: Spatial correlation by different options is summarized in the table below:

	
	Applicability
	Pros
	Cons

	Option 1:
Sensing target-specific 
	Links from multiple UEs/gNBs to a sensing target
	1. low complexity
2. works well in multi-static sensing
	Inconsistent channels for links from one UE/gNB to multiple targets

	Option 2:
UE/gNB-specific 
	Links from one UE/gNB to multiple sensing target or one moving target with multiple realizations
	1. low complexity
2. works well in mono-/bi-static sensing 
	Inconsistent channels for links from one target to multiple UEs/gNBs

	Option 3:
New correlation
	All the links
	Can be applied in all scenarios
	High computational complexity



We have also made the following proposals:
Proposal 1:Environment object related links (i.e., Tx-EO, EO-Rx and T-EO) should contains LOS ray only in target channel modelling. This can reduce the modelling complexity

Proposal 2: Both of the Type-1 EO and Type-2 EO should be considered in the target channel modeling.

Proposal 3: Reflection from the ground (Type-2 EO) can be modeled based on section 7.6.8 in TR 38.901.

Proposal 4: The environment object (EO), such as EO1, that are common to both target channel and background channel should be considered in the channel modelling.

Proposal 5: Do not consider the environment object (EO) that is not involved into target channel, such as EO3.

Proposal 6: Support using concatenation method (Option 1), e.g., concatenating of path(s) from Tx to target and from target to Rx, to model the target channel, for the ease of channel parameters measurement in the calibration phase.

Proposal 7: Consider sensing receiver’s measurement resolution, such as delay, angular resolution, when determining single or multiple scattering points model.

Proposal 8: For modeling of vehicle and human, consider applying multiple scattering points, while for UAV, use single scattering point model only.

Proposal 9: Further study on the RCS modelling with a group of RCS values:
· Option 1: The modelling of multiple RCS values among different target drops, if each target drop has only one RCS value.
· Option 2: The modelling of multiple RCS values of a specific type of target, if one target type has multiple RCS values, e.g., at different angle or scattering points. 

Proposal 10: RAN1 to study these two aspects for defining new spatial correlation for ISAC:
· Identifying which two links in ISAC topology should be considered correlated and which are not.
· Determining how to model the correlation coefficient among different links – whether it is distance/angle-dependent or constant.  

Proposal 11: For ISAC spatial consistency, two types of correlations should be considered: 1) Correlation between AN-S link to another AN-S link, 2) Correlation between AN-AN link to AN-S link. Note: AN is access node (UE/gNB), S is Sensing target.

Proposal 12: For modeling spatial correlation between Link UE/gNB – sensing target and another Link UE/gNB-target , the following three options should be considered: 
· UE/gNB-specific spatial correlation (Correlated among a subset of links)
· Sensing target-specific spatial correlation (Correlated among a subset of links)
· New spatial correlation supporting both the above two correlations (Correlated across all the links)

Proposal 13: For modeling simplicity, the link UE/gNB-UE/gNB and Link UE/gNB-target can be modeled as uncorrelated, e.g, = 0.

Proposal 14: In ISAC channel modeling, consider to study doppler formula in sensing channel first and then study micro-Doppler assisted method.
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