
[bookmark: _Hlk47552872]3GPP TSG RAN WG1 #116                                                            R1-2400257
Athens, Greece, February 26 – March 1, 2024

Source:	vivo
Title:	Views on Rel-19 ISAC channel modeling 
Agenda Item:	9.7.2
Document for:	Discussion and Decision
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.
· 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 this contribution, we express our views on channel modeling for ISAC and propose the work scope and the work plans for a common channel model design. In addition, the detailed procedure of channel modeling and the experiment campaign with the validation, and the modification/extension and calibration over TR38.901 will be described as well.

General Framework
In the general framework, the most important thing is to identify what the exact contents are covered at the common modeling framework, whereby we can define the work scope prioritized during the studies. Note that the channel modeling for ISAC at a common modeling framework is already agreed in SID [1]. The work scope may consider the necessities of future commercial uses and the limited time units assigned. Accordingly, then, the work plan in Rel-19 can be properly organized.
According to the objectives in SID [1], RAN1 is working on the channel modeling for ISAC at a common modelling framework. It can be interpreted that the channel model should be independent of the deployment scenarios, use cases, and sensing modes. Owing to the last release, we believe that the channel model in Rel-19 is mainly developed towards 6G, and its life span should be more than ten years. Furthermore, we are not exactly sure which use cases will be potentially deployed in future, due to the complex and various commercial use cases defined from now and future. Therefore, clarifying the common channel modeling at the framework in the beginning of meetings is inevitable.
It is understood that a channel model defined at a common modeling framework should be workable for all the deployment scenarios, use cases and sensing modes, and thus, the channel for sensing should be modeled as common as possible. To this end, we consider a common channel model, formed by two channel components: one for target(s) and the other for background, both containing a set of common parameters. The common parameters with the specific values defined in the experiment campaign can be associated to and workable for either a deployment scenario, or a use case, or a sensing mode, or these combinations.
Figure 1 shows how a common channel is modeled at a common modeling framework, where a common channel model is formed by both channel components for target(s) and background, respectively.
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[bookmark: _Ref157102582]Figure 1: a common channel is modelled at a common modelling framework.
As depicted in Figure 1, the channel component for the target(s) can be realized by means of a stochastic manner or a deterministic manner, that should be newly defined in Rel-19. We believe that, whether using a stochastic manner or a deterministic manner depends on the deployment scenario, use case, and sensing mode.
In case of stochastic modeling for sensing target, besides the common parameters defined, RCS parameters can be further modeled by means of either deterministic or stochastic way, depending on the requirements of use cases. For instance, if the sensing service requires the acquisition of the position and/or direction of the target, a stochastic way may be enough, while if the sensing service requires the acquisition of the size and/or shape of the target, a deterministic way has to be taken into account. The discussion on RCS will be covered in the section of work scope and further detailed in section 3.3.
On the other hand, the channel component for background can be simply realized by a stochastic manner, mimicking what 3GPP defined in TR38.901.
[bookmark: _Ref159235632]At the common modeling framework, a common channel model needs to be developed, formed by two channel components, one for target(s) and the other for background, both containing a set of common parameters.
[bookmark: _Ref159235634]A set of common parameters with the specific values defined in the experiment campaign can be associated to either a deployment scenario, or a use case, or a sensing mode, or these combinations.
Proposal 1:  [bookmark: _Ref159235750][bookmark: _Hlk157777127]RAN1 studies a common channel model formed by two components: one for sensing target(s) and the other for background, both containing a set of common parameters.
Proposal 2:  [bookmark: _Ref159235752]RAN1 defines the specific value for each common parameter in the experiment campaign, associated to either a deployment scenario, or a use case, or a sensing mode, or these combinations.

Work Scope
In this section, we will discuss the work scope for channel modeling, in terms of sensing channel modeling vs. communication channel modeling, stochastic channel modeling vs. deterministic channel modeling, SLS-based and LLS-based channel modeling, and frequency bands.

Sensing channel modeling vs. communication channel modeling:
First of all, we identify whether the sensing channel should be combined with the communication channel. As discussed in the previous section, a sensing channel can be formed by a channel component for target(s) and a channel component for background. It is also understood that there are a strong connection and relationship between sensing channel and communication channel if involved in the same environment.
For example, the sensing and the communication services share the same environment, where the objects and background for both channels should be assumed to be the same. Moreover, as an ISAC solution, the resources allocated for the sensing and communication could be based on either TDM, or FDM, or CDM, SDM manner. With the TDM manner, the sensing channel can be isolatedly defined, namely independent of the communication channel. However, with the FDM or CDM or SDM manner, the sensing channel and communication channel must be coupled to each other. In other words, whether a channel model is jointly designed for both sensing channel and communication channel depends on the future potential solutions.
As named in the title for ISAC, therefore, we believe that it is hard to separately design the sensing and the communication channel models.
[bookmark: _Ref144462080][bookmark: _Hlk157335588]Due to the strong connection and relationship between sensing channel and communication channel, it is hard to separately design the sensing and the communication channel models.

It is inferred that the channel component for the target(s) may be approximately considered as the cluster(s) from the perspective of communication channel modeling. This is because the channel cluster(s) modeled by a channel component for target(s) may be not that sensitive to the communication performance as long as the key KPIs such as SNR distribution can be ensured during the sensing channel modeling.
[bookmark: _Ref159235639]Channel cluster(s) modeled by a channel component for target(s) may be not that sensitive to the communication performance as long as the key KPIs such as SNR distribution can be ensured during the sensing channel modeling.

Nevertheless, we still face a realistic hurdle how to unify the channel model between bi-static sensing mode and mono-static sensing mode if a communication channel modeling is jointly involved in the design. As exemplified in Figure 2-a) with bi-static sensing mode (e.g., TRP-to-UE), thanks to the same Uu link established between TRP and UE for both sensing and communication, single channel link can fulfil both services. As exemplified in Figure 2-b) with mono-static sensing mode (e.g., TRP-to-TRP) or bi-static sensing mode (e.g., TRP1-to-TRP2), however, the link for sensing (e.g., TRP-to-TRP, say S-link) is different from the Uu link for communication, meaning that the design with double links is necessary. Obviously, the double links make somewhat difficulty in unifying the channel model between the sensing modes.
[image: ]
 [image: ]
[bookmark: _Ref157182555]Figure 2: Unified channel model in TRP-UE sensing mode vs. Unified channel model in TRP-to-TRP sensing mode.
It should be emphasized that both environment generator and common channel on the left side of the figure belong to the scope of channel modelling, which should be tackled at a common modelling framework, while both sensing and communication solutions on the right side of the figure are out of the scope, which should be tackled in future solution. In other words, the channel modelling in Rel-19 merely needs to offer a channel model tool, which behaves the features potentially applied for sensing and/or communication. How to use this tool is totally up to RAN1 solution.
[bookmark: _Ref159235640]It is challenging to unify the channel model between bi-static sensing mode and mono-static sensing mode if a communication channel modeling is jointly involved.

In consideration of the broad uses of the ISAC channel model towards NR and 6G (not only 3GPP-wise, but also globe-wise), we still believe that a jointly designed channel model towards both sensing and communication needs to be studied in RAN1. It is worth noting that a joint channel model for sensing and communication can be designed by additionally introducing sensing links into communication channel, which may be not that sensitive to the communication channel statistical characteristics, corresponding experimental results and analysis can be found in Annex-3.
Proposal 3:  [bookmark: _Ref159235754]RAN1 studies a sensing channel model, identifying whether a joint channel model for sensing and communication is necessary.

Stochastic channel modeling vs. deterministic channel modeling:
As we previously discussed on the channel component for the target(s), it is two mechanisms that channel modeling can utilize; one is to rely on a stochastic manner and the other is to on a deterministic manner or RT (ray-tracing). The former is comparably simple and mainly employed in TR38.901, and the latter is more precise and scalable and RAN1 already conducts the map-based hybrid channel modeling in TR 38.901. However, the ray-tracing-based channel model is not fully calibrated and has not been yet used in 3GPP simulation campaigns, due to
· Unlike the stochastic channel model, a common deployment scenario for RT is not yet defined, and company utilizes its own scenario, making the divergence in calibration.
· Commercially available software packages of RT have versatility, that possibly incurs the divergence further.
· As the deployment capabilities, many companies are still not ready to deliver the consolidated results by RT tool, and the proponents are not yet in the same step.
[bookmark: _Ref159235644]Although RAN1 already conducts the map-based hybrid channel modeling in TR38.901, its calibration is not yet completed due to the lack of common deployment scenario, consistent software packages, and deployment capabilities.

Considering the significant advantages from RT, such as the accuracy and scalability, kicking off its discussion in Rel-19 is necessary. Due to the limited TU assigned, at the early stage, it is better for the channel modeling to rely on stochastic manner, and RT can be utilized as an auxiliary-intermediate tool to bridge the relation between stochastic channel model and experiment results. At the late stage, a deterministic channel modeling can be fully realized by a RT tool and calibrated between the proponents with a common deployment scenario.
In Section 4.2, we will provide the detailed description for RT-based methodology.
[bookmark: _Ref159235645]The channel modeling for ISAC can rely on the stochastic manner, and RT can be utilized as an auxiliary-intermediate tool to bridge the relation between stochastic channel model and experiment results.

It is worth noting that in case of the channel modeling relying on stochastic manner, all the parameters do not need to be defined by the stochastic way. For example, RCS modeling as a part of channel modeling may require both stochastic and deterministic manners, depending on use case scenarios, due to the various requirements, such as position, direction, size and shape. As depicted in Figure 1, RCS may need deterministic parameters if the sensing acquires the acquisition of size and shape from the target. In Section 3.3, we will provide the detailed description for RCS modeling.
[bookmark: _Ref159235647]Although the channel can be modeled by the stochastic manner, some parameters are still defined relying on deterministic manner.
Proposal 4:  [bookmark: _Ref159235759]RAN1 study focuses on the stochastic channel modeling, and optionally takes into account the RT-based mechanism to generate sensing channel parameters.

SLS-based and LLS-based channel modeling:
TR38.901 is supportive of both SLS-based and LLS-based channel models. 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.
In the potential proposed solution, in addition, we generally start using LLS for initial discussion, and late on, the SLS will be taken for overall performance evaluation. It can be envisaged that in future leases, to well investigate the 6G technologies, both SLS and LLS are inevitable.
[bookmark: _Ref159235648]LLS-based channel model is the subcase of SLS-based channel model and its modeling does not cause additionally considerable workload.
Proposal 5:  [bookmark: _Ref159235761]RAN1 works on both SLS-based and LLS-based channel models in Rel-19.

Frequency band:
In SID [1], it is assumed that the frequencies from 0.5 to 52.6 GHz are the primary focus on, but 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). As RAN1 defined, although TR38.901 captures the channel model(s) for frequencies from 0.5GHz up to 100GHz (from lower to higher bands), the channel model in the limited bands has been validated by the experiment campaigns and the parameters associated to the channel model in the rest of bands is assumed to be scalable. Indeed, the scalability is important and workable in some circumstances. In the sensing use cases with high accuracy requirements, however, a linear scalability may be prone to sensing evaluation error, leading the performance evaluation invaluable. Therefore, new channel modeling work needs to consider all NR supported frequency bands. Since the channel model will be also applicable to future 6G, the potential 6G frequency bands need to be taken into account as well. The most promising 6G system frequency bands include 6.425-7.125GHz, 10-10.5GHz, etc., as recommended in WRC-2023 [4].
Proposal 6:  [bookmark: _Ref159235763]RAN1 works on the channel modeling in FR1, FR2, and FR3 (i.e., 7-24GHz band).

[bookmark: _Ref157942217]Work Plan
At the common modeling framework, we simply classify the work plan into three parts for the purpose of description only, although the relevant timeline setting may be overlapped in between.
First of all, the question will be raised that, how RAN1 can realize the common channel modeling for ISAC, and what kind of mechanisms should be efficiently taken in Rel-19. We believe that a common channel model should be workable for most of use-cases and sensing modes in various deployment scenarios (it can refer to our companion contribution for deployment scenarios [3]). A channel model can be formed by two channel components: one for target(s) and the other for background, both consisting of its own parameter set, pertaining to the path-loss, the large-scale fading (e.g., delay spread, angle spread, shadow fading), and the small-scale fading (cluster with multiple rays, formed by arrival and departure angles, power, delay, phase).
In the legacy channel model defined in TR 39.901 [2], a set of common parameters are defined and associated to the different scenarios, such as RMa, UMa, UMi, and InH. It can be observed that, the set of common parameters are workable for the different scenarios, only with different corresponding values defined, for example, by the experiment campaigns. By mimicking the same mechanism as employed for channel modeling in TR38.901, we can define a set of common parameters based on use-cases and sensing modes and realize the common channel model design. For the purpose of validation and calibration, we can limit a few use cases according to the objectives of SID [1], and select typical sensing modes which is practically involved in most use-cases for sensing.
Due to the complex and various use-cases, in addition, a set of specific parameters may be needed in order to deal with the use-cases potentially applied in future. The purpose of introducing the specific parameter in ISAC channel modeling is like that of the additional modelling components introduced in TR 38.901, but it is associated to the use-cases rather than supporting advanced simulations. For instance, contactless sleep monitoring services as a sensing technology have more advantages in health status detection, which may require a specific definition on RCS realized by a specific parameter(s). In addition, multi-point modeling for sensing target may be necessary, where each point can be modeled as an individual link with both large-scale and small-scale parameters, and alternatively, all multi-points can be simply modeled as a link with a single RCS.
Therefore, both common parameters and specific parameters should be defined in ISAC channel modeling. The detailed description of how to design a common channel modeling will be done as part-1, in Section 3.
After defining a set of parameters, we need to collect the channel data by launching an experiment campaign associated to the selected use-cases and sensing modes in the representative deployment scenarios. The purpose of experiment campaigns is to figure out the exact value for each parameter, associated to the use-case. Supplementally, the ray tracing mechanism can be utilized for the channel data collection in order to improve the accuracy of channel data. The detailed description of how to confirm and validate the parameters by means of two different methodologies will be done as part-2, in Section 4.
Finally, according to the outcomes during the Rel-19 studies, we need to modify and/or extend the contents in TR 38.901, through the agreeable CRs. For instance, path-loss adjustment for sensing channel based on experiment investigation may be needed for sensing channel. The detailed description of how to modify and extend the TR including its skeleton will be done as part-3, in Section 5.
Accordingly, the work plan for the ISAC channel modeling can be summarized as follows.
· Part-1: RAN1 mainly defines necessary parameters for each sensing mode and/or use case, performing
· Theoretical analysis and experiment focusing on prioritized bi-static sensing and mono-static sensing;
· Channel modeling, including LOS/NLOS scenarios, pathloss model, fast fading model, Doppler enhancement, and spatial consistency enhancement;
· Theoretical analysis and experiment on RCS modeling.
· Part-2: RAN1 executes experiment campaign, considering
· Common channel modeling for both bi-static sensing and mono-static sensing;
· Methodologies relying on the experiment measurement, supplementally combined by the ray tracing mechanism;
· RCS modeling.
· Part-3: RAN1 determines the skeleton of TR and modifies and extends TR38.901 based on the outcomes during the studies, for example,
· Path-loss adjustment for sensing channel based on experiment investigation;
· Cluster, ray, and/or velocity factor modification/extension.
Proposal 7:  [bookmark: _Ref159235764]RAN1 studies on a common channel model, in consideration of the work plan with Part-1, Par-2, and Part-3, as a starting point.

The timeline of work plan on channel modeling for ISAC in Rel-19 is depicted in Figure 3, detailed as
· The discussion of the framework, and work scope and plan should be started at the beginning of the meetings, including the selections of the representative development scenarios, and most urgent sensing modes.
· To realize the design of the common channel model for ISAC, as scoped in Part-1, the discussion of the common parameters can be started at the 2nd meeting and the relevant summary should be finished within three meetings, according to the various use cases, and the discussion of the overall parameter table associated to the common channel modeling can be started right after ticking off the initial common parameter discussion and continued until the last meeting if necessary.
· The experiment campaign should be launched in Q3, RAN1 #118, as scoped in Part-2, so as to give enough time to the proponents for their preparations. The calibration of the simulators developed by different proponents can be completed within three meetings, before the release finished.
· The TR skeleton can be discussed in the beginning of the meeting but should be completed within two meetings. The modification and extension on TR38.901 should be started in Q4, RAN1 #119, and processed through agreeable CR(s).
[image: ]
[bookmark: _Ref157959651]Figure 3: Timeline of channel modelling for ISAC.

[bookmark: _Ref155957455]Part-1: Common Channel Model Design
Considering the forward compatibility and performance verification in pre-6G, a common channel model should 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 this section, the detailed description of a feasible channel modelling is presented.
It is worth noting that the sensing modes have an impact on the specific value of each parameter and model implementation details. In section 3.1, we first investigate which sensing modes are urgently needed for the study of channel modeling within Rel-19 in the representative deployment scenarios, in consideration of the assigned time units and the necessary use cases. Accordingly, then, we prioritize a few limited sensing modes handled in Rel-19.
A common channel model can be formed by two channel components for target(s) and background, respectively. But how to generate these two components and how to combine them to finalize the channel coefficient need to be further studied. The typical step-wise procedure described in TR38.901 including additional modelling component can be imitated as a starting point. In section 3.2, we provide the details of our modeling approach with the channel generation procedure as follows:
· Large scale parameters for target(s) link, including propagation condition (LOS/NLOS), and pathloss.
· Fast fading model including the coefficient generation for the channel components for target(s) and background, respectively.
· Doppler enhancement.
· Spatial consistency enhancement.
Moreover, differing from communication channels which mainly focus on the overall environment characteristics of the channel between the signal transmitter and the receiver, the channel for ISAC should also especially consider the reflection of the signal by the specific target in the environment. The characteristics of the specific target, such as RCS, need to be considered separately, and the complexity of the modeling strongly depends on the requirements of related use cases. In section 3.3, we attempt to dive deeply into RCS analysis and investigate its behavior.

[bookmark: _Ref157779726]Selection of Sensing Modes
There exist six sensing modes, categorized by TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, and UE monostatic. Each of them is potentially implemented in different use case. A common channel model framework can be designed for six sensing modes and meet the evaluation requirements of different use cases, including a set of common parameters. But the values or equation expression of each parameter are specifically associated to either a deployment scenario, or a use case, or a sensing mode, or these combinations, and could be defined by experiment campaign with high workload. In addition, the implementation details of channel modeling generation are also closely associated with sensing mode selection and related use cases. We believe that it is almost not possible to isolate one aspect from others.
According to our theoretical analysis and investigation [5], we believe that bistatic sensing (e.g., TRP-UE, UE-TRP) and TRP monostatic sensing can be complemented to further improve the overall sensing performance, e.g., sensing coverage and accuracy performance, and thus, they are more important than other sensing modes. In addition, the values or formula expression of channel parameter set in each sensing mode need to be studied separately relying on the experimental results, and simplifying a common channel model framework cannot meet the requirements of technology assessments in the future. Therefore, considering one TU in each meeting, we believe that the bistatic sensing modes (TRP-UE, UE-TRP) and the TRP monostatic sensing mode should be prioritized in the Rel-19 channel model study. These three models contain different types of sensing transmitter and receiver, and support most of the use cases, which possess significant commercial value in practical deployment. Moreover, the other sensing models are very similar to the above three models and can be modeled directly by imitating the channel modelling of TRP-UE, UE-TRP bistatic or TRP monostatic sensing models if needed.
Proposal 8:  [bookmark: _Ref144463519]As a study of sensing channel model in Rel-19, RAN1 prioritizes the bistatic sensing mode (TRP-UE, UE-TRP) and TRP monostatic sensing mode.

[bookmark: _Ref157780008]Details of Channel Modeling
Based on the procedures of the existing channel model specified in TR 38.901, the enhancements of ISAC common channel modelling in terms of LOS/NLOS state, pathloss model, fast fading model, Doppler, and spatial consistency can be considered.
LOS/NLOS State
In TR38.901, the LOS probability for each link is defined with the equation related to the distance between UE and TRP. Then, the LOS/NLOS state of link can be determined based on the LOS probability. 
In sensing system, the channel components for target(s) include all the clusters reflected by specific target, resulting in the clusters passing through at least one-bounce reflections. Accordingly, the LOS state of target(s) components can be divided into two LOS links; one is the LOS transmission link between the sensing transmitter and the target, and the other is the LOS reception link between the target and the sensing receiver. Then the LOS/NLOS state of each channel segment between two nodes can be determined by using the LOS probability equation as defined in TR38.901, for mono-static sensing and bi-static sensing. Specifically, as shown in Figure 4, for mono-static sensing, the LOS/NLOS state only needs to be determined once using channel reciprocity. For bi-static sensing, however, the LOS/NLOS state should be determined twice as illustrated in Figure 5, i.e., one is between the transmitter and the target, and the other is between the target and the receiver.
It is worth noting that in case that at least one NLOS is involved in a sensing link, it belongs to the NLOS sensing channel, and otherwise, it belongs to the LOS sensing channel. The detailed depiction can refer to Figure 4 and Figure 5.
[image: ]
[bookmark: _Ref144463531][bookmark: _Ref144463528]Figure 4: LOS and NLOS for mono-static sensing
[image: ]
[bookmark: _Ref144463564]Figure 5: LOS and NLOS for bi-static sensing.
Proposal 9:  [bookmark: _Ref159235773]RAN1 studies the legacy method in TR 38.901 to determine the LOS/NLOS state for the sensing link. 
[bookmark: _Ref157962705]Pathloss model
The path loss of ISAC can be obtained by modifying the existing path loss formula defined in 3GPP TR 38.901. The defined path loss formula describes a unidirectional link from a transmitter to a receiver, which includes losses due to propagation distance and the effect of the aperture of the receiver's receiving antenna.
Similarly, for path loss of ISAC, both losses caused by propagation from a transmitter to an ISAC target and propagation from an ISAC target to a receiver need to be considered. Besides, the pathloss model needs to be unified, applying to different scenarios and sensing modes. Based on our investigation [5], for example, it can be proved that a common pathloss equation of ISAC can be expressed as:

[bookmark: _Ref142572278][bookmark: _Hlk156916264]Eq. 1
where, part-1 refers the losses due to two sensing links and the effect of the aperture of the receiver's receiving antenna. In part-1,  represents the pathloss between two nodes and can reuse the formulas defined in 3GPP TR38.901. The parameter  and  represent the distance between the sensing transmitter and the target and the distance between the target and the sensing receiver, respectively. In case of mono-static sensing model,  is equal to .
Part-2 refers the effect of the reflected signal from the ISAC target, presented as . Note that, part-2 in Eq. 1 may not exist, which is related to the RCS modeling methods. From our perspective, the RCS can be a part of path loss formula if the RCS of ISAC target is modeled as a large-scale level parameter, while if the RCS is modeled as a small-scale level parameter, it cannot be included in the path loss formula, the related details are described in Section 3.3.
[bookmark: _Ref159235656]RCS can be considered as add-on component to determine the pathloss for sensing depends on the RCS modeling method.
Proposal 10:  [bookmark: _Ref159235789][bookmark: _Hlk157529849]RAN1 prioritizes the common pathloss equation for both bi-static and mono-static sensing mode.
[bookmark: OLE_LINK1]In addition, to verify whether the pathloss formula in Eq. 1 can apply to different scenarios, we conduct an experiment in InH LOS and UMi LOS scenarios and investigate the difference between the formula and the experiment. In our experiment, the RCS of sensing target is assumed to be modeled as a large-scale level parameter. Besides, it is noted that the detailed definitions regarding the pathlosses of , and  and the specific RCSs for InH and UMi in LOS scenario, can be referred to Annex-1.
According to the experiment investigations in InH and UMi scenarios, the gaps of pathloss between the empirical formula and the experiment results can be summarized in Table 1. For the detailed experiment assumptions and measured results, it can be referred to Annex-1.
[bookmark: _Ref142917679]Table 1: the gaps of pathloss between the empirical formula and the experiment results.
	Scenario
	Gaps of pathloss in dB

	InH in LOS
	0dB for the maximum gap, and –7~0 dB for average gap.

	UMi in LOS
	–7~0 dB


[bookmark: _Ref144462097]
[bookmark: _Ref159235658]In the scenario of InH LOS with σInH = 1.7m2 as the maximum RCS, the gap of pathloss between the empirical formula and the experiment results is fairly small, while with σInH = 0.07m2 as the average RCS, the gap of pathloss between the empirical formula and the experiment results is about 0dB and -7dB in the short range and the long range, respectively.
[bookmark: _Ref159235659]In the scenario of UMi LOS with σUMi = 1.6m2, the gap of pathloss between the empirical formula and the experiment results is about 0dB and -7dB at the short range and the long range, respectively.
Proposal 11:  [bookmark: _Ref159235793]RAN1 studies whether a calibrate pathloss for sensing channel modeling is needed or not.

Fast fading model
To strive to reuse the channel model specified in TR 38.901, we introduce a new common propagation model with both multiple sensing clusters and multiple background clusters as illustrated in Figure 6 and Figure 7, where the channel generation in each cluster can mimic what TR 38.901 does. The channel generation for mono-static channel modeling can follow-up the way for bi-static channel modeling.
[image: ]
[bookmark: _Ref142569186]Figure 6: The new propagation model with multiple sensing clusters and multiple background clusters for bi-static sensing mode.
[image: ]
[bookmark: _Ref142569927][bookmark: OLE_LINK5]Figure 7: The propagation model with multiple sensing clusters and multiple background clusters for mono-static sensing mode.
In the proposed common propagation model, there are mainly two channel components considered in sensing channel modeling:
· Sensing target channel component: this component describes the propagation of electromagnetic waves passing through sensing target(s) and contains the information of the sensing target(s).
· Non-sensing target channel component: this component mainly models the influence of non-sensing target(s), i.e., the environment object(s). All propagation paths included in this part do not pass through the sensing target(s), which can be considered as interference for sensing purpose. 
To investigate the influence from both channel components, we conduct an experiment relying on both bi-static sensing mode and mono-static sensing mode under the assumption of indoor scenario, where a human is standing in the room, an electromagnetic signal is radiated from a transmitter, reflected by the human target and the objects in the environment, and detected by a receiver.
Figure 8 and Figure 9 show the measured received power as a function of time instance in the InH scenario, relying on both bi-static and mono-static sensing modes, respectively. It can be observed that the sensing channel always contains clusters (or rays) corresponding to the sensing target and clusters (or rays) corresponding to the environment objects, regardless of employing bi-static and mono-static sensing mode.
[image: ]
[bookmark: _Ref157616689]Figure 8: The PDP of sensing channel for bi-static sensing mode.
[image: ]
[bookmark: _Ref157616696]Figure 9: The PDP of sensing channel for mono-static sensing mode.

[bookmark: _Ref159235664]Sensing channel contains both sensing object(s) and environment clutter(s), regardless of employing bi-static and mono-static sensing mode.

As our proposal, therefore, the overall sensing channel can be formed by combining sensing target component and non-sensing target (or environment) component, formulated as
 
Proposal 12:  [bookmark: _Ref159235795]RAN1 studies a sensing channel formed by both sensing target channel component and environment channel component, i.e., , as a starting point.

The sensing target channel component, on one hand, should be more precisely modeled because it could significantly influence the sensing evaluation consequence. Therefore, we propose two modeling methodologies; one is related the segmented channel modeling, and the other is to cascaded channel modeling.
· Segmented channel modeling: 
Stpe1: based on the location of the sensing target, the channel link between the sensing transmitter and the sensing target, and the channel link between the sensing target and the sensing receiver are generated, respectively. 
Step2: Then the two channel links are combined into a channel component of sensing target. 
In this methodology, some issues should be addressed as follows: 
· Channel coefficients are generated based on two segmented channel links, and how to combine the two segmented channel links needs to be tackled. To this end, two options can be taken into consideration.
· Option-1: After transmitting an electromagnetic wave through multiple channels, the transmission process of multiple channels can be equivalently considered to a single channel through convolution operation [6]. Hence, we can convolve the two segmented channel links into a channel component. 
· Option-2: Besides, in order to reduce the complexity of convolution operation, some simplifications can be carried out, e.g., only a portion of the clusters is reserved for the convolution operation according to metric value, which is obtained by multiplying the cluster power of the two channel links.
· Cascaded channel modeling: one sensing target is modeled as a single cluster, and the channel link between the sensing transmitter and the sensing receiver is modeled as a whole that only contains the cluster passed through the sensing target.
· This approach only considers the line-of-sight propagation link between the sensing transmitter and the sensing target, and the link between the sensing target and the sensing receiver, without considering multiple reflections. This can simplify the channel modeling.
[bookmark: _Ref159235667][bookmark: _Hlk157415710]Sensing target channel component that contains the information of the sensing target(s) can be generated by either segmented channel modeling or cascaded channel modeling.

Non-sensing target channel component (i.e., background channel component), on the other hand, is not relevant to the sensing target and can be considered as interference or clutter modeled in the sensing environment. Two possible options to model non-sensing target channel are classified as follows:
· Option-1: Non-sensing target channel component can be stochastically modeled by using TR38.901 procedure, in which the corresponding NLOS clusters can be regarded as environment object(s). By this method, the correlation between the sensing channel and the communication channel can be established, which is beneficial to the unified channel modeling between sensing and communication, especially for TRP-UE and UE-TRP bi-static sensing mode. 
· Option-2: First, the location of the environment object(s) is randomly generated. Then the non-sensing target channel component can be derived based on the location of environment object(s), using the same method of modeling sensing target channel component. This method can be simply implemented, but behaving less dependency with the communication, and resulting in somewhat difficulties in realizing unified channel modeling.
[bookmark: _Hlk156809157][bookmark: _Hlk157435193]Non-sensing target channel component that does not pass-through sensing target(s) can be modeled by using either TR 38.901 procedure or the same method of modeling sensing target channel component based on the location generated randomly.
Proposal 13:  [bookmark: _Ref159235799]RAN1 prioritizes the method that the background clusters generation is correlated with communication channel.

Once the performance evaluation is performed in the sensing link, the clusters dedicated for communication are seen as an interference. However, once the performance evaluation is performed in the communication link, the cluster links for sensing is seen as an interference. It should be emphasized that the characteristics and behaviors associated with the communication channel, such as link budget and short-term fading channel, should not be statistically varied accordingly, as opposed to that of the legacy NR.
Proposal 14:  [bookmark: _Ref159235801]Studying the new propagation model should avoid the changes of statistic characteristics and behaviors associated with the communication channel.

Doppler enhancement
[bookmark: OLE_LINK9]Like what TR38.901 defines towards the communication channel, the macro-Doppler in sensing channel can be defined according to Dual mobility and Time-varying Doppler shift. In addition, the micro-Doppler in sensing channel can be defined according to human micro-movement. To investigate the Doppler changes caused by micro-movements of human body, we conduct a measurement experiment for human expiration and inspiration. According to the experiment results, the phases of channel shows the quasi-periodic variations, as illustrated in Figure 10. It can be observed that the two periodicities in the phases correspond to the rate of human expiration and the rate of human inspiration, respectively.
[image: ]
[bookmark: _Ref157616795]Figure 10: The power and phase of sensing channel for human expiration and inspiration.

Observation 1:  [bookmark: _Ref159235672]In human detection scenario, the micro-Doppler changes is associated with micro-motion of human body.

As exemplified in Annex-2, the Doppler formula can be unified as   , for both communication channel and sensing channel. Thus, the formula of the fast fading channel defined in TR38.901 can be replaced by Eq. 3. The benefit of unifying Doppler formula is to simplify the equation of fast fading channel, only by defining a different Doppler parameter of  corresponding to different use case scenarios.
The detailed definitions of Doppler parameter  can be referred to Table 6, where we observe that the unified Doppler formula is properly workable for both macro-Doppler and micro-Doppler, as long as the different Doppler parameters of  corresponding to different use case scenarios are defined.
Proposal 15:  [bookmark: _Ref159235803]Study unified Doppler formula for both communication channel and sensing channel.
Proposal 16:  [bookmark: _Ref159235805]Study micro-Doppler to capture micromotion of human body in addition to macro-Doppler.

Spatial consistency enhancement
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 11, 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. Not 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 11: 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 12 (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 2:  [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).

Hence, to model spatial consistency in sensing channel 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 12 (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 12 (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.
[image: ]
[bookmark: _Ref157616859]Figure 12: Spatial consistency procedure for bi-static sensing mode.
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 2.
[bookmark: _Ref157616897]Table 2: 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 17:  [bookmark: _Ref159235806]Study the enhanced spatial consistency for sensing channel; the spatial consistency modeling defined in TR38.901 can be a starting point, in consideration of sensing-target-specific network topology.

[bookmark: _Ref157780235]RCS Modeling
The RCS, , is a target-specific quantity that depends on many factors. The RCS of a target depends on the physical geometry and exterior features of the target, the direction of the illuminating radar, the radar transmitters frequency, the electromagnetic properties of the target’s surface.
In most radar systems, the main scenario is positioning. Hence, RCS modeling is usually simplified. For example, the RCSs of some typical targets can be simply defined by either computational formulas, or fixed average values, or some probability distributions, exemplified in Table 3, Table 4 and Table 5, respectively. However, these RCSs listed in the tables below are usually applied to mono-static sensing, which are different from the RCS reflected in bi-static sensing.
[bookmark: _Ref142901735][bookmark: _Ref142901731]Table 3: The computational formulations for the typical RCSs.
	Reflection
	RCS formulation

	from a sphere
	

	at a cylinder
	

	at a flat plate
	

	at an inclined plate
	



[bookmark: _Ref142900848]Table 4: The fixed RCSs for the typical targets.
	Targets
	RCS [m²]
	RCS [dBsm]

	bird
	0.01
	-20

	man
	1
	0

	cabin cruiser
	10
	10

	automobile
	100
	20

	truck
	200
	23

	corner reflector
	20379
	43.1



[bookmark: _Ref143613303]Table 5: The RCS distributions for the typical targets.
	Targets
	RCS distribution

	man
	Uniform distribution  [dBsm]
or Gaussian distribution  [dBsm]

	compact car
	Uniform distribution  [dBsm]
or Gaussian distribution  [dBsm]

	large automobile
	Uniform distribution  [dBsm]
or Gaussian distribution  [dBsm]

	motorcycle
	Uniform distribution  [dBsm]
or Gaussian distribution  [dBsm]



Proposal 18:  [bookmark: _Ref159235811]Study the RCS model, at least in consideration of frequency, physical geometry and electromagnetic properties of the target, the direction of signal path.
Proposal 19:  [bookmark: _Ref159235812]Study the RCS model for both bistatic sensing and mono-static sensing.
Proposal 20:  [bookmark: _Ref159235814]Study the RCS model focusing on sensing targets other than environment targets.

In sensing system, the scenarios are richer and more complex, e.g., including environment reconstruction and large object recognition. Thus, simplified RCS modeling may not meet the needs of the complex scenario. Taking large object recognition scenario as an example, the impact of size and shape of object cannot be captured in a single RCS value, and the RCS may need to be modeled as multi-point values. In addition, the RCS of sensing target can also be modeled as either a larger-scale level parameter or a small-scale level parameter. With the large-scale level parameter, the RCS is simplified and embedded into the path loss formula, while with the small-scale level parameter, the RCS is usually as a complex function of angle and should modeled in the small-scale response formula.
In what follows, two methods of RCS modeling in consideration of the small-scale level parameter and the larger-scale level parameter are respectively exemplified.
· Small-scale level modeling of RCS, :
The response of sensing target channel can be formulated as

and


where  is the channel impulse response of the cluster reflected by the sensing target with delay , between the -th receive antenna element and the -th transmit antenna element,  is the zenith angle,  is the azimuth angle,  is the path loss.
· Large-scale level modeling of RCS, :
The response of sensing target channel can be formulated as

and

where  is the channel impulse response of the cluster reflected by the sensing target with delay , between the -th receive antenna element and the -th transmit antenna element, and  is the path loss. In addition, the shadowing and penetration loss should be included in the finalized formulars.
Consequently, the various RCS modeling incurs the complexity of the sensing channel and thus, the method of RCS modeling needs to be considered carefully. The sensing requirements for different scenarios or use cases may differentiate the RCS modeling. In case that the size and shape as the sensing requirements are considered, the RCS needs to be modeled as a small-scale level, otherwise it can be modeled as a large-scale level. Alternatively, the RCS needs to be modeled with a single-point value or multi-point values.
It is worth noting that in the multi-point modeling, each point can be modeled as an individual link with both large-scale and small-scale parameters, and alternatively, all multi-points can be simply modeled as a link with multiple RCSs.
[bookmark: _Ref159235678]The sensing requirements for different scenarios or use cases may differentiate the RCS modeling, e.g., large-scale level RCS modeling vs. small-scale level RCS modeling, and single-point RCS modeling vs. multi-point RCS modeling.
Proposal 21:  [bookmark: _Ref159235816][bookmark: _Ref144463567]Study the RCS modeling in consideration of the sensing requirements for different scenarios or use cases.
Proposal 22:  [bookmark: _Ref159235817]Study the RCS modeling by small-scale level model and/or large-scale level model.
Proposal 23:  [bookmark: _Ref159235819]Study the RCS modeling with single-point value and/or multi-point values.

[bookmark: _Ref155958001]Part-2: Experiment Campaign
[bookmark: OLE_LINK4][bookmark: OLE_LINK6]As we proposed in the work plan of Section 2.2, the experiment campaign will be started in the meeting of R1#118 (Q3 in 2024). The purpose of validation by the experiment mechanisms is to make sure that the parameters with the determined values are correctly reflected to the representative use cases. In this section, two methods are provided for the channel model validation. They are the channel characteristic experiment in the actual scenario, and the experiment and ray tracing combination-based methodology, respectively. According to our descriptions and analysis in this section, we attempt to figure out a promising mechanism to ensure the common model design for ISAC applications.
Experiment measurement-based methodology
The measurement of the actual environment according to the scenario defined in RAN1 for the ISAC applications is the most direct method to obtain the channel parameter characteristics. However, this method may also face some challenges.
Firstly, the biggest challenge to this method 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. This is due to many factors needed to be taken into account, such as the equipment calibration and the environment stability.
Secondly, it is very difficult to find out a scenario which can be exactly aligned to the RAN1 definition for the channel measurement. For instance, the indoor scenario defined in TR38.901 only contains the length, width, and the location of the TRP, while the actual indoor scenario may deploy many other objects such as tables and/or isolation walls that should be taken into the sensing environment. If the length and the width do not meet the requirements, the accuracy of the final channel measurement will be affected. Moreover, the channel measurement data from different proponents could be divergent due to the different scenarios selected by the proponents.  Consequently, channel measurement in the actual scenario will incur many issues, which may not ensure the validity of data.
[bookmark: _Ref159235684]Directly using actual measurement-based methodology for channel model validation may face a big challenge.

[bookmark: _Hlk157697241]Experiment and ray tracing combination-based methodology
In order to design a common channel model for ISAC channel regardless of use cases for 6G, we need to find out a promising methodology in channel modeling if RAN1 wants to use TR38.901 as a starting point. To this end, in this section, we attempt to offer the methodologies based on the ray tracing as an auxiliary-intermediate tool, to bridge the relation between stochastic channel model and experiment results.
The final goal is to align the measurement data between different proponents 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.
By this methodology, consequently, we can harvest the benefits offered from both ray tracing and experiment in the actual environment. Moreover, the RT simulator can 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 the 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.
[bookmark: _Ref159235685]The experiment and ray tracing combination-based methodology can offer incomparable benefits for the ISAC channel model measurement.
Proposal 24:  [bookmark: _Ref159235825]RAN1 considers the experiment only based methodology and the ray tracing combination-based methodology for common channel model design.
Proposal 25:  [bookmark: _Hlk156830316][bookmark: _Ref159235827]RAN1 starts the experiment campaign to validate a common channel model with the relevant parameters (as an example in the Annex-3).

[bookmark: _Ref155958231]Part-3: Modification/Extension of TR 38.901
As depicted in Figure 3, it is urgent to discuss the TR skeleton in the beginning of the meeting. Naturally, the skeleton of TR should follow up what RAN1 agree at a common modeling framework. The skeleton of TR can be discussed parallelly with the discussion on framework, work scope, and work plan, but it should be completed within the first two meetings.
Proposal 26:  [bookmark: _Ref159235829]The discussion on the skeleton of TR can be started in the beginning of the meeting, and it should be completed within the first two meetings.

Any modification and extension on TR38.901 should be processed through the CR(s), which could burn a lot of time during the meeting. Individual CR for each agreement may not be efficient in the first half of the study iterm. Therefore, we suggest that the modification and extension of TR38.901 should be done once the consolidated outcomes are contributed from the studies. Perhaps, the CR submission can be started from RAN1#119 in Q4, as shown in the timeline of Figure 3.
Proposal 27:  [bookmark: _Ref159235830]The CR submission related to the modification and extension on TR38.901 can be started from RAN1#119 in Q4 in order to ensure the work efficiency.

The contents of TR in TR38.901 can be divided into two parts; one will be captured in the section of main body, and the other will be in an annex, or an additional file. The contents may contain
· The deployment scenarios, channel realization procedure, spatial consistency mechanism.
· Path-loss adjustment for sensing channel based on experiment campaign.
· Cluster, ray, velocity factor modification/extension in the small scale fading.
· RCS modeling, Doppler modeling, and target/background modeling.
In the main section, it is better to have a dedicated space for the newly defined channel model, embedded in TR 38.901. This facilitates the understanding between the legacy channel model and the newly defined channel model. The main section may capture the determined values for common and specific parameters associated to the use case.
Besides, there still are many contents needed to be captured, such as the simulation and experiment results for validation and the calibration, that should not be synthesized into the main body of TR if the volume is too large. To facilitate the understanding for the readers who are not involved in the discussions of channel modeling, nevertheless, it is better to capture it into either an annex or an attached file.
Proposal 28:  [bookmark: _Ref159235831]All the contents of TR can be divided into two parts; one will be captured in the main section, and the other will be captured in an annex or an additional file.

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.
In the performance evaluation, 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.
Proposal 29:  [bookmark: _Ref159235832]RAN1 calibrates the newly defined channel model in consideration of the performance consistency between sensing and communication links.

Conclusions
This contribution expressed our views on channel modeling for ISAC and proposed the work scope and the work plans for a common channel model design. In addition, the detailed procedure of channel modeling and the experiment campaign with the validation, and the modification/extension and calibration over TR38.901 are described as well. The observations and proposals are summarized as follows.
Observation 1: At the common modeling framework, a common channel model needs to be developed, formed by two channel components, one for target(s) and the other for background, both containing a set of common parameters.
Observation 2: A set of common parameters with the specific values defined in the experiment campaign can be associated to either a deployment scenario, or a use case, or a sensing mode, or these combinations.
Observation 3: Due to the strong connection and relationship between sensing channel and communication channel, it is hard to separately design the sensing and the communication channel models.
Observation 4: Channel cluster(s) modeled by a channel component for target(s) may be not that sensitive to the communication performance as long as the key KPIs such as SNR distribution can be ensured during the sensing channel modeling.
Observation 5: It is challenging to unify the channel model between bi-static sensing mode and mono-static sensing mode if a communication channel modeling is jointly involved.
Observation 6: Although RAN1 already conducts the map-based hybrid channel modeling in TR38.901, its calibration is not yet completed due to the lack of common deployment scenario, consistent software packages, and deployment capabilities.
Observation 7: The channel modeling for ISAC can rely on the stochastic manner, and RT can be utilized as an auxiliary-intermediate tool to bridge the relation between stochastic channel model and experiment results.
Observation 8: Although the channel can be modeled by the stochastic manner, some parameters are still defined relying on deterministic manner.
Observation 9: LLS-based channel model is the subcase of SLS-based channel model and its modeling does not cause additionally considerable workload.
Observation 10: RCS can be considered as add-on component to determine the pathloss for sensing depends on the RCS modeling method.
Observation 11: In the scenario of InH LOS with σInH = 1.7m2 as the maximum RCS, the gap of pathloss between the empirical formula and the experiment results is fairly small, while with σInH = 0.07m2 as the average RCS, the gap of pathloss between the empirical formula and the experiment results is about 0dB and -7dB in the short range and the long range, respectively.
Observation 12: In the scenario of UMi LOS with σUMi = 1.6m2, the gap of pathloss between the empirical formula and the experiment results is about 0dB and -7dB at the short range and the long range, respectively.
Observation 13: Sensing channel contains both sensing object(s) and environment clutter(s), regardless of employing bi-static and mono-static sensing mode.
Observation 14: Sensing target channel component that contains the information of the sensing target(s) can be generated by either segmented channel modeling or cascaded channel modeling.
Observation 16: In human detection scenario, the micro-Doppler changes is associated with micro-motion of human body.
Observation 17: 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 18: The sensing requirements for different scenarios or use cases may differentiate the RCS modeling, e.g., large-scale level RCS modeling vs. small-scale level RCS modeling, and single-point RCS modeling vs. multi-point RCS modeling.
Observation 19: Directly using actual measurement-based methodology for channel model validation may face a big challenge.
Observation 20: The experiment and ray tracing combination-based methodology can offer incomparable benefits for the ISAC channel model measurement.
Observation 21: Introducing human as sensing target will not have much effect on the statistical characteristics of communication channel.

Proposal 1: RAN1 studies a common channel model formed by two components: one for sensing target(s) and the other for background, both containing a set of common parameters.
Proposal 2: RAN1 defines the specific value for each common parameter in the experiment campaign, associated to either a deployment scenario, or a use case, or a sensing mode, or these combinations.
Proposal 3: RAN1 studies a sensing channel model, identifying whether a joint channel model for sensing and communication is necessary.
Proposal 4: RAN1 study focuses on the stochastic channel modeling, and optionally takes into account the RT-based mechanism to generate sensing channel parameters.
Proposal 5: RAN1 works on both SLS-based and LLS-based channel models in Rel-19.
Proposal 6: RAN1 works on the channel modeling in FR1, FR2, and FR3 (i.e., 7-24GHz band).
Proposal 7: RAN1 studies on a common channel model, in consideration of the work plan with Part-1, Par-2, and Part-3, as a starting point.
Proposal 8: As a study of sensing channel model in Rel-19, RAN1 prioritizes the bistatic sensing mode (TRP-UE, UE-TRP) and TRP monostatic sensing mode.
Proposal 9: RAN1 studies the legacy method in TR 38.901 to determine the LOS/NLOS state for the sensing link.
Proposal 10: RAN1 prioritizes the common pathloss equation for both bi-static and mono-static sensing mode.
Proposal 11: RAN1 studies whether a calibrate pathloss for sensing channel modeling is needed or not.
Proposal 12: RAN1 studies a sensing channel formed by both sensing target channel component and environment channel component, i.e., , as a starting point.
Proposal 13: RAN1 prioritizes the method that the background clusters generation is correlated with communication channel.
Proposal 14: Studying the new propagation model should avoid the changes of statistic characteristics and behaviors associated with the communication channel.
Proposal 15: Study unified Doppler formula for both communication channel and sensing channel.
Proposal 16: Study micro-Doppler to capture micromotion of human body in addition to macro-Doppler.
Proposal 17: Study the enhanced spatial consistency for sensing channel; the spatial consistency modeling defined in TR38.901 can be a starting point, in consideration of sensing-target-specific network topology.
Proposal 18: Study the RCS model, at least in consideration of frequency, physical geometry and electromagnetic properties of the target, the direction of signal path.
Proposal 19: Study the RCS model for both bistatic sensing and mono-static sensing.
Proposal 20: Study the RCS model focusing on sensing targets other than environment targets.
Proposal 21: Study the RCS modeling in consideration of the sensing requirements for different scenarios or use cases.
Proposal 22: Study the RCS modeling by small-scale level model and/or large-scale level model.
Proposal 23: Study the RCS modeling with single-point value and/or multi-point values.
Proposal 24: RAN1 considers the experiment only based methodology and the ray tracing combination-based methodology for common channel model design.
Proposal 25: RAN1 starts the experiment campaign to validate a common channel model with the relevant parameters (as an example in the Annex-3).
Proposal 26: The discussion on the skeleton of TR can be started in the beginning of the meeting, and it should be completed within the first two meetings.
Proposal 27: The CR submission related to the modification and extension on TR38.901 can be started from RAN1#119 in Q4 in order to ensure the work efficiency.
Proposal 28: All the contents of TR can be divided into two parts; one will be captured in the main section, and the other will be captured in an annex or an additional file.
Proposal 29: RAN1 calibrates the newly defined channel model in consideration of the performance consistency between sensing and communication links.
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Annex-1: Common Pathloss Equation
In this section, we exemplify how the common equations are workable for different scenarios. According to the pathloss model defined in Table 7.4.1-1 of TR38.901, the pathloss in different scenarios can be represented by a unified function , which mainly depends on the 3D distance between the transmitter and receiver, as well as the center frequency. The formula expression and parameter values of the function are specifically associated to the scenario, where some scenarios also require additional parameters.
In the channel component for the target(s), the reflection of the signal by the target should be especially considered, which can be characterized by RCS.  In some use cases, RCS can be modeled simply without association to the arrival/departure angle of the link, so that RCS can be modelled as a part of pathloss. As the target is the intermediate node between the sensing transmitter and receiver, the pathloss of channel components for target(s) can be expressed by a common equation as: 

[bookmark: _Ref157865853]Eq. 2
where the same pathloss, , is utilized twice except for the parameter of the distance between the sensing transmitter and the target, , the distance between the target and the sensing receiver, , and  is the target RCS. 
[bookmark: _Ref157862684]We conduct an experiment based on mono-static sensing mode in both InH and UMi LOS Scenarios, with the diagram of the USRP-based prototype as depicted in Figure 13, to verify the generality of the above pathloss Eq. 2. The detailed experimental method and parameter configuration can refer to our previous contribution [5], including the USRP hardware calibration with the pathloss formula of TR 38.901 for Uu communication link in the InH LOS scenario.
[image: ]
[bookmark: _Ref157616961]Figure 13: The diagram of sensing-target channel pathloss test relying on the USRP-based prototype with mono-static sensing mode.
The pathloss of sensing target channel is measured in a 40m×10m room for InH LOS scenario, and a trihedral corner reflector is placed as sensing target. the RCS for the triangular corner reflector used for the comparison with the experiment results can be formulated as  [7]. With the ridge length of the corner reflector m in the experiment, the maximum RCS is , and the average RCS is . For UMi LOS scenario, the experiment is conducted in a parking lot and a Dongfeng Peugeot 308 car is employed as sensing target. According to measurement results in [8], the relevant RCS in the front of the car is about  in the 10GHz frequency band. Considering the RCS is inversely proportional to the square of the wavelength, thus, the RCS in the front of the car, in the 4GHz frequency band of the UMi LOS scenario, is approximated to , i.e., by .
Figure 14 and Figure 15 depicts the pathloss in dB as a function of distance between the target and the test device, where the measured results and empirical formula are compared in the scenario of InH LOS and UMi LOS, respectively. Eq. 2 is utilized in calculating the pathloss of the theoretical model, where  and  utilize the pathloss formulas of the corresponding scenarios as outlined in TR38.901, and the specific value assumed for RCS is consistent with those mentioned above.  
[bookmark: _Ref142923013]As observed in Figure 14 for InH LOS scenario, the green solid curve corresponding to maximum RCS value fits well with the bottom edge of the red scatterplot, which depicts the measured pathloss of sensing channel. Moreover, most of the scatters lie below the blue solid curve, which corresponds to the case of average RCS. Accordingly, with  as the maximum RCS, , the gap of pathloss between the empirical formula and the experiment results is fairly small, while with  as the average RCS, the gap of pathloss between the empirical formula and the experiment results is about 0dB and -7dB in the short range and the long range, respectively. In addition, due to the instability of the triangular corner reflector during its moving, we confirm that the extracted test samples distribute with a relatively large variation (about 15dB). 
[image: ]
[bookmark: _Ref142576349]Figure 14: Experiment results of sensing pathloss in the scenario of InH LOS.
For UMi LOS scenario shown in  Figure 15, with , the gap of pathloss between the empirical formula and the experiment results is about 0dB and -7dB at the short range and the long range, respectively. In addition, two confirmations are made as follows:
· Due to the relative stability of the car surface during its moving, the extracted test samples distribute with a relatively small variation (less than 5dB).
· Two-step pathloss behaves with a turn-point at the range of 53m.
[image: ]
[bookmark: _Ref142922826][bookmark: _Ref157607262]Figure 15: Experiment results of sensing pathloss in the scenario of UMi LOS.
Due to the differences in the scenario configurations deployed between our experiment and TR38.901, there is some deviation between empirical formula and measurement results as observed in Figure 14 and Figure 15. Considering the unavoidable direction jitter of the sensing target during its movement, the fitting relation between the measurement results and empirical formula is reasonable. In general, it can be convinced that the theoretical model of Eq. 1 can effectively characterize the pathloss of the sensing channel and is valid for different scenarios. In the future, based on the study and measurement results of RAN1, an adjustment factor  can be introduced in pathloss as  to better match the actual channel, especially for the newly introduced use case with specific scenario configurations.

[bookmark: OLE_LINK3]Annex-2: Common Doppler Equation
The Doppler shift generally depends on the time evolution of the channel as it is defined as the derivative of the channels phase over time. For different scenarios, the formula for Doppler component in response of sensing channel can be unified. Hence, we define a common formula for Doppler, depicted as .
Taking the LOS path in TR38.901 as an example, the response can be expressed as


[bookmark: _Ref157862578]Eq. 3
where , and  is the spherical receive unit vector,  is the vector of velocity and  is the traveling time. Then, the common equation for Doppler can be specified for different scenarios, as shown in Table 6.
[bookmark: _Ref157617061][bookmark: _Ref157866372]Table 6: Doppler equations for different scenarios.
	Scenario
	 formula
	Doppler component in sensing channel response

	






Macro-Doppler
	Constant speed 
(i.e., time-invariant Doppler shift)
	  
for LOS path
 
for NLOS path
	 for LOS path
 for NLOS path

	
	[bookmark: OLE_LINK7]Time-varying Doppler shift
	 
for LOS path
 
for NLOS path
	
for LOS path

for NLOS path

	
	Dual mobility
	 
for LOS path
 
for NLOS path

	  
for LOS path
  
for NLOS path

	

Micro-Doppler
	 
for LOS path
 
for NLOS path
Note: take  as an example
	  
for LOS path
  
for NLOS path



[bookmark: _Ref157615091]Annex-3: Channel Measurements for InH Scenario
In order to investigate the channel modeling method for sensing, we conduct measurements for human in indoor scenario, e.g., human breathing and falling. The measurement scenario is a typical family living room, as pictured in Figure 16. The schemas of human breathing and falling are shown in Figure 17 and Figure 18, respectively.
[image: ]
[bookmark: _Ref157617169]Figure 16:  Measurement scenario for human indoor.
[image: ]
[bookmark: _Ref157617175]Figure 17:  The schemas of human breathing.
[image: ]
[bookmark: _Ref157617182]Figure 18:  The schemas of human falling.
For the human breathing and falling, we measure the large-scale parameters of channel from a transmitter to a receiver, as shown in Table 7.  The experimental results are extracted from no human scenario, human breathing scenario with action slices of exhaling and inhaling, and human falling scenario with action slices of stand, kneel and lay, and compared with the values of indoor-office scenario parameters in 3GPP TR38.901.
[bookmark: _Ref157614056]Table 7. The large-scale parameters of Channel from transmitter to receiver.
	Parameters
	Human breathing scenario
	Human falling scenario
	No human
scenario
	TR38.901

	
	Inhalation state
	Exhalation state
	Stand state
	Kneel state
	Lay state
	
	

	Shadow fading 
(SF) [dB]
	σSF
	0.27
	0.26
	0.29
	0.30
	0.31
	0.28
	3

	K-factor 
(K) [dB]
	μK
	13.95
	13.87
	13.68
	13.50
	13.56
	14.17
	7

	
	σK
	2.95
	2.89
	3.10
	3.31
	3.15
	3.21
	4

	Delay spread 
(lgDS)
	μlgDS
	-8.67
	-8.72
	-8.58
	-8.65
	-8.50
	-8.68
	-7.70 (19.97 ns)

	
	σlgDS
	0.06
	0.07
	0.07
	0.05
	0.08
	0.06
	0.18

	AOA spread 
(lgASA)
	μlgASA
	1.35
	1.39
	1.48
	1.50
	1.43
	1.51
	1.63 (43.11°)

	
	σlgASA
	0.21
	0.22
	0.24
	0.26
	0.22
	0.23
	0.21

	ZOA spread
 (lgZSA)
	μlgZSA
	0.96
	0.99
	0.92
	0.86
	0.75
	0.78
	1.24 (17.36°)

	
	σlgZSA
	0.18
	0.20
	0.21
	0.23
	0.22
	0.19
	0.23

	AOD spread
 (lgASD)
	μlgASD
	1.19
	1.15
	1.12
	1.13
	1.07
	1.10
	1.60 (39.81°)

	
	σlgASD
	0.14
	0.18
	0.14
	0.16
	0.17
	0.13
	0.18

	ZOD spread 
(lgZSD)
	μlgZSD
	0.57
	0.59
	0.69
	0.72
	0.75
	0.60
	1.13 (13.36°)

	
	σlgZSD
	0.21
	0.23
	0.19
	0.17
	0.18
	0.22
	0.40



The InH scenario of TR 38.901 is an open or mixed office with the size of 50×100 m, while the size of living room deployed in the experiment campaign is 3.6×7.1m with the wall and the furniture. Due to the room size difference, the gap of parameter values can be observed in Table 7 between the experiment results and the results generated from 3GPP TR38.901, especially for the parameter of delay spread. In addition, the influence of introducing additional target can be evaluated by comparing the results of no human scenario, human breathing and human falling in a same room.
As shown in Table 7, compared to the no human scenario, the inclusion of the human with different behaviour leads to some fluctuations in the large-scale parameters, but the fluctuations are almost negligible under a small power order, e.g., 10-2. In addition, the statistical properties of the large-scale parameters corresponding to different action slices of the human body also show very little variation. In general, it can be observed that the inclusion of the sensing target has negligible effect on the statistical properties of large-scale parameters for the entire channel. If the channel of no human scenarios regards as communication channel, introducing human as sensing target will not have much effect on the statistical characteristics of communication channel.
It is worth noting that although introducing human as sensing target will not have much effect on the statistical characteristics of communication channel, the small variations are still available for the detection of the human breathing and falling.
[bookmark: _Ref159235694]Introducing human as sensing target will not have much effect on the statistical characteristics of communication channel.
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