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1. Introduction
Integrated sensing and communication (ISAC) has been identified as a typical usage scenario for 5G-A and 6G. Different from conventional systems with separate functions, ISAC technology allows the base stations or terminals to communicate with each other and sense their surroundings. By sharing the same frequency and hardware resources, ISAC systems offer advantages in proving spectrum utilization and reducing costs. In RAN1#116, the common framework for ISAC channel model is defined as follows [1]:
	Agreement
The common framework for ISAC channel model is composed of a component of target channel and a component of background channel, 

· Target channel  includes all [multipath] components impacted by the sensing target(s). 
· FFS details of the target channel 
· Background channel  includes other [multipath] components not belonging to target channel.
· FFS details of the background channel
· FFS whether/how to model environment object(s), i.e., object(s) with known location, other than sensing target(s)
· FFS whether/how to model propagation path(s) between the target(s) and the environment object(s)
· FFS whether/how to model propagation path(s) between the target(s) and the stochastic clutter(s)
· Note: the notation  can be revised later if needed



[bookmark: _Hlk162450170]In this contribution, we discuss the ISAC channel modelling methodology based on the channel modelling framework agreed above.

2. Discussion on modelling of environment object(s) with known location
2.1 Necessity on modelling of environment object(s)
In the last RAN1 meeting, whether environment object(s) with known location should be considered in the ISAC channel modelling has been intensively discussed. Unfortunately, companies shared controversial views on it and therefore such issue was left open for further study.
In our views, we think that modelling of environment object(s) is fundamental and critical in ISAC channel modelling, such that the realistic propagation environment and practical impact on sensing performance can be reflected.
· In real deployment scenarios for sensing, there exists rich scattering and reflection clusters, especially for V2X scenarios. The LOS path does not always exist. In addition, the power of these clusters is non-negligible. In Figure 1, some initial measurement results are provided [2]. Sub-figure (a) illustrates the power distribution of background channel. In sub-figure (b), (c), and (d), the received power is shown when the sensing target appears at a LOS region, an obstructed-LOS region, or a NLOS region of sensing transmitter and receiver, respectively. It is observed that the reflected power from environment object(s) varies for different cases, but basically the reflected power is quite significant.
[image: ]
[bookmark: _Ref157015113]Figure 1: The sensing channel under different target link conditions. (a) Only the background channel. (b) The target is at a LOS position between the TX and RX. (c) The target is at the position of obstructed-LOS between the TX and RX. (d) The target is at a NLOS position
· From Figure 1, it can also be noticed that when considering the movement of one sensing target, or the detection of multiple sensing targets, it is highly possible that the sensing channels will go through the same environment object(s), and we should reflect such phenomenon in ISAC channel modelling. 
· Furthermore, regarding the NLOS rays, they are not always treated as interferences from receiver’s perspective. NLOS channel could also be used for sensing via advanced algorithms. In such cases, the actual location of NLOS cluster should be known a priori. In this sense, at least we should not preclude the possibility of using advanced receiver-side implementation from channel modelling.
· Finally, even if only LOS path is employed for sensing, as illustrated in Figure 1 where the power of NLOS paths could be very high, then such NLOS interferences may lead to significant sensing performance degradation. From our perspective, such impact should be considered in the evaluation and should not be omitted in ISAC channel modelling.
Observation 1: Modelling of environment object(s) reflects realistic propagation environment:
· There are rich scattering and reflection clusters with strong reflected power;
· LOS path does not always exist;
· The sensing channel of a moving sensing target or multiple targets shares the same NLOS clusters.
Observation 2: Modelling of environment object(s) has impact on sensing performance:
· By using advanced sensing algorithms, NLOS paths can be further utilized to improve sensing performance.
· Even if only LOS path is used, NLOS interferences may lead to significant sensing performance degradation.
Proposal 1: Modelling of environment object(s) with known locations should be considered in ISAC channel modelling.

2.2 How to model environment object(s)
Regarding the method of environment object modelling, based on the discussion in the last RAN1 meeting, generally, there are two options:
· Option 1: An environment object is dropped with a known location using the same way of dropping sensing targets.
· Option 2: The location of an environment object is derived based on the randomly generated delay, departure angles (AOD/ZOD), or arrival angles (AOA/ZOA) parameters of NLOS clusters.
Basically, we think that both options are feasible, and from sensing performance evaluation perspective, the effect is the same. To go with Option 1, we will discuss a channel modelling framework quite different from current TR 38.901, and additional workload is expected to align assumptions on how to model and drop environment object(s) in different deployment scenarios and use cases. In this sense, we think that Option 2 is more aligned with the channel modelling methodology in TR 38.901 with less specification impact. Therefore, Option 2 is more preferred.
Observation 3: When compared to Option 1, Option 2 follows the channel modelling framework in TR 38.901 and has less specification impact.
In the following, we provide details on how to determine the location of environment object.
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[bookmark: _Ref162814101]Figure 2: The LOS, single-bounce reflection, and multi-bounce reflection clusters in incident and backscatter channels
The NLOS routes are divided into the single-bounce reflection and the multi-bounce reflection as shown in Figure 2. The single-bounce reflection occupied the major power of the NLOS clusters [3]. The actual locations of clusters in the geometric space can be derived based on the randomly generated delay, departure angles (AOD/ZOD), or arrival angles (AOA/ZOA) parameters of the NLOS clusters according to TR 38.901, TR 36.777, or TR 37.885.
Details about how to calculate the locations of NLOS clusters can refer to the implementation of drifting in QuaDRiGa channel model [4] . Briefly, the calculation can be classified into a single-bounce model and multi-bounce model:
· In the single-bounce model, only the position of the last-bounce scatterer (LBS) is considered. The position of the LBS can either be calculated based on arrival angles (AOA/ZOA) and path delays, or based on departure angles (AOD/ZOD) and path delays, using the cosine theorem.
· 




In the multi-bounce model, the position of the first-bounce scatterer (FBS) is additionally calculated, as illustrated in Figure 3. To apply the cosine theorem for the triangle formed by Tx, Rx, and LBS, the path delay which is related to the path delay points from FBS to LBS should be solved. Similarly, to apply the cosine theorem for the triangle formed by Tx, Rx, and FBS, the required path delay between FBS and Rx also relates to . Ideally, if  becomes zero and the multi-bounce model collapses to a single bounce model. Therefore, an optimization problem to minimize is used to calculate locations of FBS and LBS, and meanwhile the number of bounces is determined.
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Figure 3: Illustration of the calculation of scatterer positions for FBS and LBS [4]
If only single-bounce model is considered, the simulation is simplified, however, it may not reflect the real environment of ISAC channel. On one hand, it is possible that the location of the scatterer is the intersection point of extension lines of two bounced scatterers, which could not reflect the real reflection channel, on the other hand, the location of scatterers calculated based on cosine theorem using arrival angles are different compared to the scatterers calculated based on that using departure angles.
Observation 4: With single-bounce assumption, the location of scatterers calculated based on cosine theorem using arrival angles are different compared to the scatterers calculated based on that using departure angles.
Observation 5: With multi-bounce assumption, FBSs are among TX and LBSs are among target/UE, while with single-bounce assumption, it is possible that the location of the scatterer is the intersection point of extension lines of two bounced scatterers, which leads to the location of clusters more distributed than multi-bounce assumption.
With single-bounce assumption, we calculated the actual locations of scatterers in the geometric space, the blue dots as shown in Figure 4 (a), based on the delay, AOD, and ZOD parameters according to TR 38.901 UMa scenario. The location of BS is (0,0,25) and the location of target (UE) is (50,0,1.5). Then, we averaged the positions of sub paths within each cluster to obtain the positions of all clusters, as shown in Figure 4 (b). It can be seen in the XOZ plane in Figure 4 (c), there are more than one clusters with negative value of z-axis, which is an unusual location that needs further discussion. 
With multi-bounce assumption, we calculated the actual locations of FBS and LBS in the geometric space based on the delay, AOD, ZOD, AOA, and ZOA parameters according to TR 38.901 UMa scenario, which is same as single-bounce simulation parameters. As shown in Figure 5 (a), the blue dots are FBS and the black dots are LBS. Then, we averaged the positions of sub paths within each cluster to obtain the positions of all clusters, as shown in Figure 5 (b). Compared to Figure 5 (b), the location of clusters is more concentrated, where FBSs are among TX and LBSs are among target/UE. With single-bounce assumption, it is possible that the location of the scatterer is the intersection point of extension lines of two bounced scatterers, which leads to the location of clusters more distributed. Same as single-bounce simulation, there are also more than one clusters with negative value of z-axis in Figure 5 (c).
As shown in Figure 4 (c) and Figure 5 (c), both single-bounce and multi-bounce simulation results have more than one clusters with negative value of z-axis. From propagation’s perspective, there may be one cluster at the mirror position of the cluster with negative value, which is a three-bounce cluster in real propagation channel.
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[bookmark: _Ref162819003]Figure 4: Simulation results of cluster positions with single-bounce assumption: (a) location of all subpaths, (b) location of all clusters, (c) XOZ plane
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[bookmark: _Ref162819239]Figure 5: Simulation results of cluster positions with multi-bounce assumption: (a) location of all subpaths, (b) location of all clusters, (c) XOZ plane
Observation 6: The calculated location of clusters may be an unusual location that needs further discussion.
Proposal 2: The determination of actual locations of NLOS clusters based on the delay, departure angles (AOD/ZOD), or arrival angles (AOA/ZOA) parameters of the NLOS clusters according to TR 38.901 should be further studied. The following two options can be considered:
· Option 1: Single-bounce model.
· Option 2: Multi-bounce model.

3. Discussion on target channel
[image: ]
[bookmark: _Ref162529545]Figure 6: ISAC channel structure.
Based on the agreement in RAN1#116 we can get the ISAC channel expression as follows:
(1) 
The channel structure can be illustrated by Figure 6. Target channel  includes all [multipath] components impacted by the sensing target(s) and background channel  includes other [multipath] components not belonging to target channel. 
3.1 Segmented channel modelling and convolutional coupling of two segments
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Figure 7: Segmented target channel.
The target channel should fully reflect the characteristics of the target. The characteristics include the location, physical size, and electromagnetic properties, etc. As we assign the target location in the scenario, the target channel is divided into two segments: the target incident channel and the target backscatter channel. This segmented channel is shown in Figure 7. In the incident channel, the target acts as a receiver and it intercepts the radio power from sensing transmitter. In the backscatter channel, the target acts as a transmitter and it radiates the intercepted power. 
Proposal 3: Target channel modelling should use segmented modelling method.
In the segmented channel modelling, the large-scale parameters including LOS/NLOS condition, pathloss, shadow fading, etc., and the small-scale parameters such as the cluster delays, powers, angles, etc., of the two segments are assigned respectively, which increases generality of the ISAC channel. For the small-scale parameters of the two segments, we should further study the coupling schemes of the two groups of cluster-level small-scale parameters.
One solution is similar to the coupling of rays within a cluster for both azimuth and elevation in conventional channel modelling in TR 38.901. In such a case, the small-scale parameters of the first and second segments are randomly coupled. Another solution, as shown in Figure 8, is that the small-scale parameters of the two segments are coupled in a convolutional manner, which is consistent with the definition of RCS. The intercepted power is obtained by multiplying the incident power density by the RCS and then it is reradiated isotopically. The passthrough clusters in backscatter channel should be ergodic as the signal is from an isotropic radiation source.
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[bookmark: _Ref156379533]Figure 8: Small-scale parameters of two segments are convolutionally coupled.
In the first segment the modeled clusters correspond to different incident waves that are sent to the target. The target scattering responses are omnidirectional and they can be illustrated by the RCS. Considering the scatterers in the second segment have no mobility, the scattered waves under different incident waves pass through similar routes. From this perspective, we think that convolution-based coupling schemes can comprehensively reflect the practical propagation environment. It may be argued that the convolution-based coupling schemes will increase the modelling complexity. In our view, however, the coupling operation itself does not bring too much complexity. What really matters is the number of paths in the channel response after coupling. Suppose that there are 20 clusters for each segment. For the random coupling scheme, the output channel response after randomly one-to-one coupling has 20 clusters. For the convolution-based coupling scheme, the output channel response has 400 clusters. But it should be noticed that not all paths through 400 clusters are valid, among those there could have a bunch of paths with very low power, which has no contribution to performing sensing. We think that it is reasonable to set a threshold to select N clusters with the largest power, and the number N would be comparable to 20. In this sense, the complexity of channel modelling using convolutional coupling scheme is acceptable. 
[image: ]
Figure 9: Summed cluster power under various mean K factors after cluster convolution. The simulation parameters are based on TR 38.901 UMa LOS scenario.  is the mean value of K factor in TR 38.901.  is the std value of K factor in TR 38.901.
We simulate the convoluted cluster power in Figure 9. The cluster powers in the incident channel and backscatter channel are simulated based on the LOS UMa scenario of TR 38.901 model and then convoluted to generate the new cluster powers. The new cluster powers are sorted in descending order. The first  cluster powers are summed to plot Figure 9. We can know from the figure that as the cluster number is larger than 5, the summed cluster power occupies more than 90% of the total power. If mean value of K factor changes from  to  or , the remaining cluster number is different under the same threshold. The remaining cluster number decreases with the K factor increases.
Proposal 4: The incident channel and backscatter channel are convoluted in cluster level.

3.2 Modelling of LOS and NLOS clusters/rays
Based on the guidance at the end of last RAN1 meeting, for target channel modelling, we will further discuss whether only LOS ray, or both LOS ray and NLOS rays should be considered for the incident and backscattering link.
As discussed in Section 2.1, we have elaborated on the necessity of considering NLOS clusters/rays in ISAC channel modelling. During the last RAN1 meeting, some companies suggested separately considering different modelling mechanisms for different scenarios. To be specific, NLOS clusters are only considered in V2X scenarios, and for UAV scenarios, only LOS path is considered. In our view, even for UAV scenarios, the existence of NLOS is dependent on the height of UAV [5] and value range is shown below. The wireless signal propagates through LOS and NLOS routes to arrive at the receiver. However, the LOS route does not always exist. The LOS probability depends on the propagation distance and the transceiver height. Therefore, we propose to model both LOS rays and NLOS rays for all deployment scenarios.

[image: ]
[bookmark: _Ref162623980]Figure 10: Cluster number in UAV scenario
[bookmark: _Hlk162877276]Proposal 5: Both LOS and NLOS clusters/rays in the Tx-target and target-Rx channels should be modelled for all deployment scenarios.

3.3 RCS modelling
RCS is one of the most important and basic physical parameters of target in the wireless channel. There are two main methods to model the RCS: dynamic RCS and static RCS. The static RCS can be predicted by several analytical techniques and software, such as HFSS, CST, and FEKO. However, static RCS cannot reflect the dynamic characteristics during the target movement or angular variation. The target RCS values are heavily dependent on the incident angle of signal, polarization, and frequency. Without loss of generality, the fluctuating RCS values can be modeled by a distribution. The most well-known models are Swerling 1 through Swerling 4 [6]. They divide fluctuating targets into two probability distributions and two time-varying behaviors as shown in the following table:
Table 1:Swerling models
	
	Slow Fluctuating
	Fast Fluctuating

	Exponential
	Swerling 1
	Swerling 2

	4th Degree Chi-square
	Swerling 3
	Swerling 4


The RCS of a slow-fluctuating target remains constant during a dwell but varies from scan to scan. In contrast, the RCS for a fast-fluctuating target changes with each pulse within a dwell.  
The exponential probability density function (PDF) is:
(1) 
 is the RCS sample and  is the mean RCS. 
The 4th degree Chi-square PDF is:
(2) 
The Swerling 1 and 2 are useful in simulating a target consisting of a collection of equal strength scatterers. The Swerling 3 and 4 apply when the target contains a dominant scattering component.
From other reference we can know that the RCS belong to various targets may has different distribution. The typical distribution includes the Gamma distribution [7], Log-normal distribution [8], Chi-Square distribution [9], etc. From the comparison in [10] the Log-normal distribution has high fit goodness than Rayleigh distribution. The distribution of the vehicle is regarded as the Log-Weibull distribution and that of the human body is as the Log-normal distribution in [11].
Proposal 6: The RCS value of target can be modeled by a certain distribution according to the target type.
The RCS is defined as the area intercepting that amount of power which, when scattered isotopically, produces at the receiver a density which is equal to that scattered by the actual target. The RCS can be modelling in fast fading (cluster level or ray level) and slow fading:
· Modelling in fast fading:
· On the cluster level, the RCS values are generated from a certain distribution and applied to each cluster. The various rays under the same cluster share the same RCS value. Each time the cluster is updated in the simulation, the RCS is also regenerated.
· On the ray level, the RCS values are generated from a certain distribution and applied to each ray. But the ray angular distribution may be different according to the cluster angle [8]. Each time the ray power is updated in the simulation, the RCS is also regenerated.
· Modelling in slow fading: The RCS values are generated from a certain distribution and applied in the pathloss model. Each time the pathloss is updated in the simulation, the RCS is also regenerated. 
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Figure 11: Three modelling levels of RCS. (a) Link level. (b) Cluster level. (c) Ray level.
Modelling in fast fading
The target channel expression is:
(3) 
where  is the fading factor of th cluster.  is the total cluster of target channel. Without loss of generality,  can be replaced by an equivalent radar range equation  and an equivalent fading factor :
(4) 
However, the equivalent propagation distance ,  and  cannot be gotten in the channel measurement. We can only get the pathloss and the relative cluster/ray power of each cluster. Thus, we are look forward to finding a general pathloss  and the relative cluster power fading factors  to represent the target channel:
(5) 
where and  are the distances of sensing transmitter to target and target to sensing receiver. 
As we proposed in Section 3.1, the two segments target channel are convoluted in cluster level, therefore, based on the convolutional assumption, we will get  and . Accordingly, Eq.(4) changes into:
(6) 
where  and . Friis equation can be replaced by a general pathloss model:
(7) 
where and .
In this case, RCS of each cluster is different as it is modelling in fast fading, we will need to find a normalizing factor  to make the sum of relative fading factor in Eq.(8) equal to 1.
(8) 
By assuming the , the Eq.(8) will change to:
(9) 
Because , the parameter  can be seen as the expectation  as if the  is the probability of . Thus, the normalizing factor  should follows:
(10) 
(11) 
The pathloss model can be expressed as:
(12) 
The channel coefficient can be expressed as:
(13) 
The parameter  is calculated from  and  and it has been determined before the generation of . We need to assign an appropriate RCS for each cluster to make  be the probability of . However, RCS always follows a continuous distribution as we mentioned in previous section. The condition that  is the probability of  is difficult to fulfill. The target channel may not have a suitable pathloss model and the channel coefficient can only be expressed by Eq.(7).
Proposal 7: If the pathloss model is needed, the RCS value of target can be modeled on the cluster level as the cluster power equals to the probability of its RCS value occurrence. If the pathloss model is not required, the RCS value of target can be modeled on the cluster level.
Modelling in slow fading
If RCS is modeled in slow fading,  will degenerate to a constant  and Eq.(7) becomes:
(14) 
(15) 
where . 
Thus, the pathloss model is as follows and it is consistent with radar pathloss equation:
(16) 
Proposal 8: The RCS value of target can be modeled in slow fading.

4. Discussion on background channel
In RAN1#116 meeting, it has been discussed whether to model environment object(s) and stochastic clutter(s) in background channel. In the following, we provide our views on the modelling of background channel. From the SID, we can know that the final target completion plenary for SI is to modify the sensing aspects of channel model in TR 38.901. It’s better to keep the compatibility between the new ISAC model and TR 38.901. The background channel can be generated by TR 38.901, at least for bi-static mode. For mono-static mode, how to model the background channel of stochastic clutter(s) can be further discussed.
Proposal 9: The background channel can be generated by TR 38.901, at least for bi-static mode. For mono-static mode, how to model the background channel can be further discussed.

5. Conclusion
In this contribution, we provide our views on ISAC channel modelling, and the following observations and proposals are made:
Observation 1: Modelling of environment object(s) reflects realistic propagation environment:
· There are rich scattering and reflection clusters with strong reflected power;
· LOS path does not always exist;
· The sensing channel of a moving sensing target or multiple targets shares the same NLOS clusters.
Observation 2: Modelling of environment object(s) has impact on sensing performance:
· By using advanced sensing algorithm, NLOS paths can be further utilized to improve sensing performance.
· Even if only LOS path is used, NLOS interferences may lead to significant sensing performance degradation.
Observation 4: With single-bounce assumption, the location of scatterers calculated based on cosine theorem using arrival angles are different compared to the scatterers calculated based on that using departure angles.
Observation 5: With multi-bounce assumption, FBSs are among TX and LBSs are among target/UE, while with single-bounce assumption, it is possible that the location of the scatterer is the intersection point of extension lines of two bounced scatterers, which leads to the location of clusters more distributed than multi-bounce assumption.
Observation 6: The calculated location of clusters may be an unusual location that needs further discussion.

Proposal 1: Modelling of environment object(s) with known locations should be considered in ISAC channel modelling.
Proposal 2: The determination of actual locations of NLOS clusters based on the delay, departure angles (AOD/ZOD), or arrival angles (AOA/ZOA) parameters of the NLOS clusters according to TR 38.901 should be further studied. The following two options can be considered:
· Option 1: Single-bounce model.
· Option 2: Multi-bounce model.
Proposal 3: Target channel modelling should use segmented modelling method.
Proposal 4: The incident channel and backscatter channel are convoluted in cluster level.
Proposal 5: Both LOS and NLOS clusters/rays in the Tx-target and target-Rx channels should be modelled for all deployment scenarios.
Proposal 6: The RCS value of target can be modeled by a certain distribution according to the target type.
Proposal 7: If the pathloss model is needed, the RCS value of target can be modeled on the cluster level as the cluster power equals to the probability of its RCS value occurrence. If the pathloss model is not required, the RCS value of target can be modeled on the cluster level.
Proposal 8: The RCS value of target can be modeled in slow fading.
Proposal 9: The background channel can be generated by TR 38.901, at least for bi-static mode. For mono-static mode, how to model the background channel can be further discussed.
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