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1. Introduction
A new 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. The approved items are shown in the following:
	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 [2]). The study should aim at a common modelling framework capable of detecting and/or tracking the following example objects and to enable them to be distinguished from unintended objects:
· UAVs
· Humans indoors and outdoors 
· Automotive vehicles (at least outdoors)
· Automated guided vehicles (e.g. in indoor factories)
· Objects creating hazards on roads/railways, with a minimum size dependent on frequency
All six sensing modes should be considered (i.e. TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic). 
Frequencies from 0.5 to 52.6 GHz are the primary focus, with the assumption that the modelling approach should scale to 100 GHz. (If significant problems are identified with scaling above 52.6 GHz, the range above 52.6 GHz can be deprioritized.)
For the above use cases, sensing modes and frequencies:
· Identify details of the deployment scenarios corresponding to the above use cases.
· Define channel modelling details for sensing using 38.901 as a starting point, and taking into account relevant measurements, including:
a) modelling of sensing targets and background environment, including, for example (if needed by the above use cases), radar cross-section (RCS), mobility and clutter/scattering patterns;
b) spatial consistency.



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
Views on channel model topology
In the previous meeting, the channel model topology was discussed, and the following agreement were made [3]:
	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




The above agreement was made based on the discussion that is captured in the feature lead summary [4]. For the illustration of the common topology for ISAC channel model, Figure 1 was proposed in [4].


[bookmark: _Ref163125028]Figure 1: Illustration of the ISAC channel model topology 
To our understanding, this proposed topology suggests defining five different sensing entities: Tx, Rx, Sensing Target (S), Environment Object (E) and Background (B). The Sensing Target (S) here refers to the objects such as vehicles, UAVs and humans that are the focus of the sensing operation. In contrast, Environment Object (E) and Background (B) represents 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 Environment Object and Background is their location information, the Environment Object (E) has known location, but the Background (B) does not. 
In this topology, all the entities except the background have known location. This implies that the LOS rays connecting among Tx, Rx, S and E, can be calculated deterministically as LOS delay, LOS angle, and pathloss. The LOS rays can also be determined by the locations of two connected entities. However, the allocation of NLOS rays remains an open question. 
[bookmark: _Toc163120377][bookmark: _Toc163199915]Observation 1:The LOS rays connecting among Tx, Rx, Sensing target and Environment object can be calculated using deterministic approach. However, the allocation of NLOS rays is still unclear.
In addition to the sensing target, the inclusion of environment objects was proposed in the sensing topology. In our view, the environment objects were introduced in ISAC channel modelling primarily to account for the two-bounce propagation link Tx-S-E-Rx, which might be utilized to detect or localize the sensing target. Consequently, modelling the link S-E becomes necessary.  Furthermore, the link Tx-E-Rx can be considered as part of the background channel. 
In terms of the channel modelling from environment object to different other entities such as Tx-E, E-Rx and S-E, we prefer to model them with only LOS ray. We believe that adding NLOS rays to these links, such as a link Tx-S-B-E-Rx or a link Tx-E-B-Rx, would not significantly contribute to the sensing performance, as the power of such links with NLOS rays is minor and negligible. 
[bookmark: _Toc163200004][bookmark: _Toc163213509]Proposal 1: For reducing the modelling complexity, environment object related links (i.e., Tx-E, E-Rx and S-E) should contains LOS ray only.   
Unlike environment object, the background object (B) location is unknown. Thus, the ray/component through these entities requires stochastic modeling with procedure of random variable generation. In our view, the background object (B) as discussed in the previous meeting works as a virtual scatterer which contributes to the multipath components (NLOS rays) mainly relative to the link Tx-Rx, Tx-S and S-Rx. For example, channel of link S-Rx can be modeled as one LOS ray with a group of NLOS rays. The NLOS rays here can be interpreted as the reflection through the background, which can be modeled stochastically using the method as described in [2]. Similarly, Tx-Rx and Tx-S may also contain stochastic NLOS rays.
For the modelling of background (B) associated with the reference link Tx-S-Rx, we propose using convolution of two separate channels: link Tx-S and link S-Rx. Each of these two links can be modelled with LOS rays only or with both LOS and NLOS rays. Among various combinations, we consider only the following two options:
· Option 1: Link Tx-S contains only LOS ray. Link S-Rx contains both LOS and NLOS rays.
· Option 2: Link Tx-S and link S-Rx both contains LOS and NLOS rays.
We slightly prefer option 1 due to the fact that this option reduces the modeling complexity compared to option 2. Additionally, we find option 1 easier to implement spatial consistency, as this requires fewer sets of random variables. 
[bookmark: _Toc163200005][bookmark: _Toc163213510]Proposal 2: For the modelling of Link Tx - sensing target (S) and link sensing target (S) - Rx, consider both the following options: 
· Option 1: Link Tx-sensing target (S) contains only LOS ray. Link sensing target (S) - Rx contains both LOS and NLOS rays.
· Option 2: Link Tx- sensing target (S) and link sensing target (S) -Rx both contains LOS and NLOS rays.

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 [2] 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: 
1) Calculate the correlation coefficients (or a correlation matrix) between links, such as the correlation coefficient between link gNB1-UE1 and link gNB1-UE2. 
2) Generate a set of Gaussian (Normal) distributed  (or uniform distributed ) random variables that follows a prescribed correlations generated from the previous step. 
3) Compute the channel coefficients based on the correlated random variables using the model provided in TR 38.901 [2]. 
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 [2] 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: _Toc163120378][bookmark: _Toc163199916]Observation 2: 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: _Toc163120379][bookmark: _Toc163199917]Observation 3: 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 [2] 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: _Toc159230606][bookmark: _Toc163200006][bookmark: _Toc163213511]Proposal 3: 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 (E), 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-E, 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 [2].
Among the various identified ISAC links, the links S-E 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: _Toc163120380][bookmark: _Toc163199918]Observation 4: 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.
[bookmark: _Toc163120381][bookmark: _Toc163199919]Observation 5: 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 [2]). 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: _Toc163200007][bookmark: _Toc163213512]Proposal 4: 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. P.S. AN – UE/gNB, S – 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 [2], 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: _Toc163200008][bookmark: _Toc163213513]Proposal 5: 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: _Toc163199920]Observation 6: 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: _Toc163200009][bookmark: _Toc163213514]Proposal 6: 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 [2], 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: _Toc163200010][bookmark: _Toc163213515]Proposal 7: In ISAC channel modeling, consider to study doppler formula in sensing channel first and then study micro-Doppler assisted method.
Potential enhancements on TR 38.901 model to support ISAC
ISAC and NR positioning share some similarities as they both can comprise positioning application. However, NR positioning primarily focuses on positioning connected device (i.e., active object), whereas ISAC is designed for positioning and identifying of unconnected object (i.e., passive object). To model the sensing link that connects between passive object and UE/gNB, it is essential to configure the location of the objects. Drops of the objects can be performed in many ways and should be further studied. One of the feasible approaches is that the objects can be randomly dropped in some of sub-areas in the scene. In addition to object deployment, it is important to consider the Radar Cross Section (RCS) of the objects. RCS quantifies how the RF signal power changes when interacting with the object.   
Furthermore, the integration of the Tx-to-object and the Object-to-Rx links should be considered in establishing the sensing link. The sensing link as defined above is a joint effort of two separate links, i.e., Tx-to-object link and Object-to-Rx link. When computing the joint channel coefficient, we need to consider how to combine them. One feasible way is to compute the Channel Impulse Response (CIR) of each link individually and subsequently convolve two CIRs to derive a unified CIR. 
[bookmark: _Toc159230598][bookmark: _Toc163200011][bookmark: _Toc163213516]Proposal 8: The following two new modeling procedures should be further studied in order to support ISAC channel model:
· Deployment of target/environmental objects, including configuring the location of objects and the RCS of objects.
· Combination the channel coefficients of the Tx-to-Object link and the channel coefficients of Object-to-Rx link.

When it comes to channel modelling, a feasible solution is to introduce sensing related features (such as RCS) based on the existing communication channel model in [2]. Specifically, the global coordinate system (GCS), application scenarios, antenna models, shadow fading, and other models in the integrated sensing and communication channel model can directly refer to [2]. Further investigation and enhancement are needed for large-scale path loss, small-scale multipath, environmental interference modeling, RCS modeling, etc.
[bookmark: _Toc159230599][bookmark: _Toc163200012][bookmark: _Toc163213517]Proposal 9: The large-scale path loss, small-scale multipath, environmental interference modeling, RCS modeling, spatial consistency and mobility need to be further studied in ISAC channel model.
[image: ]
[bookmark: _Ref163199771]Figure 5: Illustration of Bi-static and Mono-static sensing
In terms of the joint path loss of the sensing link in bi-static and mono-static sensing as depicted in Figure 5, two links should be considered: link between sensing signal transmitter and sensing target and the link between sensing target and sensing signal receiver. We can reuse the pathloss formula defined in the TR 38.901 table 7.4.1-1 [2] as the baseline to calculate the pathlosses in each link, which can be denoted as  and . The power density  of the wavefront launched at the object can be calculated as , where  is the transmit power,  is the wavelength and is the effective aperture of an isotropic antenna. Subsequently, the received power  at the Rx can be calculated by , where is the RCS of the object. Then the joint path loss , which is defined as the ratio between  and , can be calculated in the following ways in dB scale: 
.

The terms  and  can reuse the pathloss model from [2] where the pathloss is a function of distance. Thus, we derive the following two formulas, in bistatic type and monostatic type ISAC:
The pathloss of sensing link in bistatic sensing: 
,
Where  is the distance between sensing signal transmitter and the target object, is the distance between the target object and the receiver.
It should be noted that the bistatic pathloss formula is applicable for various types of sensing cases, including gNB-gNB, gNB-UE or UE-UE bistatic sensing. 
In the monostatic sensing, the pathloss from Tx to target object is the same as the pathloss from target object to Tx. Thus, the pathloss of the monostatic type can be simplified by:

[bookmark: _Toc159230600][bookmark: _Toc163200013][bookmark: _Toc163213518]Proposal 10:  The RCS of sensing target should be considered in the large-scale pathloss calculation in ISAC channel model.
Various types of sensing target objects are considered, as suggested by [3] and [6], These include UAV, human, vehicle and AGV, each requiring distinct RCS models for accurate deployment.
[bookmark: _Toc159230603][bookmark: _Toc163200014][bookmark: _Toc163213519]Proposal 11: Consider different RCS models for different types of sensing target object. 
In contrast, other sensing target object like vehicles, humans and AGVs may encounter near-field conditions more frequently, especially in gNB-UE bi-static sensing. UE typically has limited Rx beamforming gain and thus it may have limited sensing coverage due to the high pathloss of the sensing link. Consequently, a UE may only be capable of sensing the target objects within a short range. In such cases, target objects within this range are likely in the near field of the UE. The usage of far-field RCS modeling which has a constant RCS value, and a single reflection center may lose some sensing information.
[bookmark: _Toc159230605][bookmark: _Toc163200015][bookmark: _Toc163213520]Proposal 12: Discuss the suitable RCS modeling for the target objects, such as Vehicle, Human and AGV, with considering the far-field and near-field conditions.

Conclusion
In this contribution, we share our views on the development of ISAC channel model. We made the following observations:
Observation 1:The LOS rays connecting among Tx, Rx, Sensing target and Environment object can be calculated using deterministic approach. However, the allocation of NLOS rays is still unclear.
Observation 2: 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 3: Spatial consistency allows the channel coefficients evolve smoothly throughout the space, which accurately represent the real-world channel characteristics.
Observation 4: 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 5: 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 [2]). Specifically, these links could be the link Tx-Rx, Tx-S and S-Rx.
Observation 6: 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: For reducing the modelling complexity, environment object related links (i.e., Tx-E, E-Rx and S-E) should contains LOS ray only.
Proposal 2: For the modelling of Link Tx - sensing target (S) and link sensing target (S) - Rx, consider both the following options:
· Option 1: Link Tx-sensing target (S) contains only LOS ray. Link sensing target (S) - Rx contains both LOS and NLOS rays.
· Option 2: Link Tx- sensing target (S) and link sensing target (S) -Rx both contains LOS and NLOS rays.

Proposal 3: 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 4: 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. P.S. AN – UE/gNB, S – Sensing target.
Proposal 5: 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 6: For modeling simplicity, the link UE/gNB-UE/gNB and Link UE/gNB-target can be modeled as uncorrelated, , e.g, = 0.
Proposal 7: In ISAC channel modeling, consider to study doppler formula in sensing channel first and then study micro-Doppler assisted method.
Proposal 8: The following two new modeling procedures should be further studied in order to support ISAC channel model:
· Deployment of target/environmental objects, including configuring the location of objects and the RCS of objects.
· Combination the channel coefficients of the Tx-to-Object link and the channel coefficients of Object-to-Rx link.

Proposal 9: The large-scale path loss, small-scale multipath, environmental interference modeling, RCS modeling, spatial consistency and mobility need to be further studied in ISAC channel model.
Proposal 10:  The RCS of sensing target should be considered in the large-scale pathloss calculation in ISAC channel model.
Proposal 11: Consider different RCS models for different types of sensing target object.
Proposal 12: Discuss the suitable RCS modeling for the target objects, such as Vehicle, Human and AGV, with considering the far-field and near-field conditions.
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