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Introduction
In RAN#102 meeting, a new study item channel modelling for Integrated sensing and communication (ISAC) for NR was approved in RP-234069[1]. The objective of this study item is to define channel modelling aspects to support object detection and/or tracking and to enable them to be distinguished from unintended objects. The following table lists the objectives related to RAN1.
	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)
· [bookmark: OLE_LINK14]Automated guided vehicles (e.g. in indoor factories)
· Objects creating hazards on roads/railways, with a minimum size dependent on frequency

All six sensing modes should be considered (i.e. TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic). 

Frequencies from 0.5 to 52.6 GHz are the primary focus, with the assumption that the modelling approach should scale to 100 GHz. (If significant problems are identified with scaling above 52.6 GHz, the range above 52.6 GHz can be deprioritized.)

For the above use cases, sensing modes and frequencies:
· Identify details of the deployment scenarios corresponding to the above use cases.
· Define channel modelling details for sensing using 38.901 as a starting point, and taking into account relevant measurements, including:
a) modelling of sensing targets and background environment, including, for example (if needed by the above use cases), radar cross-section (RCS), mobility and clutter/scattering patterns;
b) spatial consistency.

It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.



In this contribution, the detailed channel modelling for Integrated Sensing and Communication are discussed.

Common modelling framework
According to the SID [1], the common channel modelling framework should be able to support object detection and/or tracking, such as UAVs, humans, automotive vehicles, automated guided vehicles (AGV), and other hazardous objects. Several use cases are selected corresponding to these objects in our contribution [4], including sensing for UAV intrusion detection, intruder detection in surrounding of smart home, sensing assisted automotive manoeuvring and navigation, vehicle sensing for ADAS, AGV detection and tracking in factories, and pedestrian/animal intrusion detection on a highway. Although deployment scenarios can generally reuse existing scenarios, the channel model of each scenario should still be considered carefully.
[bookmark: OLE_LINK24]Proposal 1: For channel model of integrated sensing and communication, several use cases should be prioritized, including sensing for UAV intrusion detection, intruder detection in surrounding of smart home, sensing assisted automotive manoeuvring and navigation, vehicle sensing for ADAS, AGV detection and tracking in factories, and pedestrian/animal intrusion detection on a highway.

[bookmark: OLE_LINK4][bookmark: OLE_LINK23][bookmark: OLE_LINK25][bookmark: OLE_LINK26]The motivation of integrating communication and sensing is to use the communication signal in the realization of sensing through the sharing of hardware, software and space-time-frequency resources, so that the communication capability and sensing capability can be integrated and coexist in the communication system and mutual benefits can be achieved. As one of the key motivations, the integration of carrier frequency used for sensing and communication should be considered carefully. The sub-6GHz frequency band is currently the main frequency band of LTE and 5G commercial networks. Due to the small electromagnetic wave pathloss and large coverage range, satisfactory communication performance can be obtained in many scenarios. However, since the typical bandwidth of sub-6GHz is 20-100 MHz, the time resolution is not high enough, and the accuracy of target positioning and ranging can only reach 1-10 meters.
In contrast, the mmWave band (FR2 band) has larger working bandwidth, so that the time/distance resolution is relatively high, and thus can achieve higher target positioning, detection, and tracking accuracy compared with lower frequency bands. In addition, due to the short wavelength, the tiny movement of the sensing object can cause the phase change of CSI, which is beneficial to improve the sensing accuracy and reduce the sensing latency. Furthermore, mmWave also has better detecting capability of Doppler shift, so it is expected to achieve high precision target tracking and speed measurement in high-speed moving scenarios, such as V2X and UAV scenarios. Considering these benefits of mmWave, it is proposed that FR2 band is prioritized during the study on ISAC, as least for V2X and UAV scenarios.
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Proposal 2: FR2 band is prioritized during the study on ISAC, as least for V2X and UAV scenarios.

The operation of the 5G wireless sensing relies on processing the transmissions, reflections, and scattering of wireless sensing signals, in order to obtain the knowledge of object or environment information such as location, properties, and states, which is different from traditional information transmitting and receiving operation in communication system. According to the spirit of SID [1], a common modelling framework capable of detecting and/or tracking objects, such as vehicles, humans, animals, UAVs, should be reached after the study on R19 ISAC, while two sensing modes including monostatic sensing and bistatic sensing are required to be considered [2].
[bookmark: OLE_LINK2]Monostatic sensing comes from radar system, where the sensing transmitter and sensing receiver are the same entity, as shown in Fig. 1. The gNB sends sensing signal and receives a mixed signal consisting of echo signal from the sensing target, noise and other disturbances, using the received signal to perform object detection, positioning and information extraction. Except for the gNB, UE can also be the sensing transmitter and receiver based on UE capability.


Fig. 1 Example of monostatic sensing by gNB
Bistatic sensing is a specific sensing mode for 5G wireless sensing operation, having the sensing transmitter and sensing receiver in different entities, as shown in Fig. 2. The gNB sends the sensing signal and the reflections of the sensing signal are received by a UE (sensing receiver) and processed to obtain characteristics of the sensing object. In this case, both gNB and UE can be considered as sensing transmitter or sensing receiver.


[bookmark: OLE_LINK3]Fig. 2 Example of bi-static sensing by gNB and UE
In the legacy communication system, only the one-way channel from the transmitter to the receiver is modelled to describe the channel environment characteristics. However, according to the above analysis, a two-way channel modelling framework is required for 5G wireless sensing system, including the channel between the sensing transmitter and the sensing target and the channel between the sensing target and the sensing receiver, since the sensing receiver needs to detect the target among the environment by processing the reflections of sensing signal reflected by the sensing target. 


Fig. 3 Channel model of bi-static sensing mode
Besides, the channel model between sensing transmitter and sensing receiver should be additionally considered for bi-static sensing mode, as shown in Fig. 3.
Proposal 3: A two-way channel modelling framework is required for 5G wireless sensing system, including sensing transmitter to sensing target and sensing target to sensing receiver, taking the reflections of sensing signal into account.
· The channel between sensing transmitter and sensing receiver should be additionally modeled for bi-static sensing mode

Regarding the channel model of sensing, an enhanced channel modelling method is required by taking reflection/scattering features into account and introducing sensing related parameters, such as radar cross section (RCS). The stochastic channel model should be considered as the baseline, in order to reuse the channel modelling method in TS 38.901 [6] as far as possible. Although the key purpose of wireless sensing is to obtain characteristics of the sensing target, the background environment including buildings, plants or other scatterers may also have some impacts on sensing. 
For the modelling of background environment, two methods can be taken into account. The first is to deploy environment targets in each scenario with definite locations or random deployment. In this case, the dropping of environment target should also be defined. The other method is to model the background environment as clutters, which are generated according to the LOS/NLOS cluster generation in [6]. Under this situation, no attention is paid to specific objects in the environment, the deployment scenario can thus be simplified. Fig.4 and Fig.5 give examples of sensing with environment object or clutters.
Proposal 4: RAN1 is required to model the sensing channel of sensing targets as well as clutters or environment objects, taking the stochastic channel model in TS 38.901 as the baseline.



Fig. 4 Example of monostatic sensing with environment object


Fig. 5 Example of bi-static sensing with clutters

[bookmark: OLE_LINK6][bookmark: OLE_LINK5]Modelling of radar cross-section (RCS)
[bookmark: OLE_LINK22]Radar cross-section (RCS) is a measure of the ability of a target to reflect radar signals in the direction of radar reception. The larger the target's radar cross-section, the stronger the reflected electromagnetic wave signal power. The size of RCS is related to the shape, size and material of the target, and is also affected by the frequency, the polarization mode and the direction of the incident wave. The power received by a given radar from a target is directly proportional to RCS for that target, as shown by the following radar range equation [3], where  is the transmitted power,  is the received power, λ is wavelength, G is the gain of transmit-receive antenna, R is antenna-to-target distance and  is the target’s RCS.

[bookmark: OLE_LINK11]According to the equation, it can be observed that RCS is a power ratio, which can be derived based on the transmitted/received power, antenna gain and other given parameters, making RCS a measurable value.
Observation 1: Radar cross-section (RCS) is a measurable value, which is used to measure the scattering ability of a sensing target/environment objects to incident electromagnetic wave.
[bookmark: OLE_LINK12]Regarding 5G wireless sensing scenes, the sensing targets and environment objects also generate scattering echo after receiving the signal from the sensing transmitter, thus the concept of RCS can be reused to characterize the scattering characteristics of sensing targets and/or environment objects. Since the measurement of RCS has been extensively studied in the field of radar, it is recommended to take legacy RCS modelling methods as a starting point. 
Proposal 5: The concept of RCS can be reused to characterize the scattering characteristics of sensing targets and/or environment objects, and legacy RCS modelling methods in the field of radar is considered as a starting point.

[bookmark: OLE_LINK16]Considering the work load of ISAC study item, the following two methods of RCS modelling can be considered as high priority during the study on 5G wireless sensing.
[bookmark: OLE_LINK8]Option 1: RCS is modelled as a fixed value for a certain sensing target
The RCS of complex sensing targets, such as aircraft and vehicle, is a complex function of viewing angle and operating wavelength. During the study on ISAC, the simplest way to model RCS is to assume the sensing target to be a point target, and RCS is modelled as a fixed value regardless of incidence or reflection from any direction. Given the sensing target described in our contribution [4], typical RCS values are illustrated in Table 1.
Table 1 Typical RCS values of different sensing target
	Sensing target
	RCS(m2)
	RCS (dBsm)

	UAV
	0.02
	-17

	Humans indoors and outdoors
	1
	0

	Type 1/Type 2 vehicle in [5]
	100
	20

	Type 3 vehicle in [5]
	200
	23

	AGV
	2
	3


The RCS dimension is a unit of area, but it has little to do with the actual physical area of the target. Therefore, RCS is usually given in logarithmic form, that is, the number of decibels corresponding to one square meter, denoted as dbsm.

In this option, the RCS of different UEs with the same category are all modelled with the same value, which is relatively simple, but lacks the precision and randomness of modelling.
[bookmark: OLE_LINK13]Option 2: RCS is modelled as a random variable subject to a specific probability density function
In order to provide some randomness, RCS can also be modelled as a random variable subject to a specific probability density function, such as uniform distribution, Gaussian distribution. However, since the sensing targets are normally rather complicated and various, it is hard to obtain the distribution function of each target accurately. Swerling model, which is widely used in radar detection, is a model of the probability density function and time-dependent properties of target radar backscattering. According to the amplitude variation of echoes, Swerling classified targets into four types: fast fluctuation and slow fluctuation under exponential distribution, fast fluctuation and slow fluctuation under Chi-square distribution. In the first two models, the probability density function of the target follows an exponential distribution. Swerling I is mainly used when the cross-section of the target fluctuates slowly and the pulse is correlated. Swerling II is mainly used when the cross-section of the target fluctuates rapidly and the pulse is uncorrelated. Assume that the RCS of the target is ,  is the RCS average of the whole process of sensing target fluctuation, then the probability density function of the target in these two models is

The probability density function of the target in the latter two models follows the Chi-square distribution, Swerling III is mainly used in the case of slow fluctuation of the target's cross-section and pulse correlation, Swerling IV is mainly used in the case of fast fluctuation of the target's cross-section and pulse uncorrelated. The probability density function of the target in both models is

The probability distribution of the cross-section in the Swerling I and Swerling II is applicable to the case where the complex target is composed of a large number of approximately equal element scattering objects, such as aircraft. While Swerling III and Swerling IV is applicable to the case where the target is composed of a large reflector and many small reflectors, or the target is a large reflector with a small change in orientation. The detailed modelling type of each sensing target in 5G wireless sensing scenarios can be further discussed.
Proposal 6: The following two RCS modelling methods can be considered as high priority during the study on 5G wireless sensing:
· Option 1: RCS is modelled as a fixed value for a certain sensing target
· Option 2: RCS is modelled as a random variable subject to a specific probability density function

Modelling of large scale fading
The channel model of communication system can include large-scale fading model and small-scale fading model. Large-scale fading describes changes in the signal field strength of transmitters and receivers over long distances (hundreds or thousands of meters) or over long periods of time, which should consider the modeling of pathloss, shadow fading, LOS/NLOS propagation type and penetration loss as defined in [6]. For 5G wireless sensing, LOS propagation type should be considered as first priority, since it is difficult to determine the detailed information of the sensing target through the NLOS propagation. Given the situation, only pathloss and LOS probability are discussed in this section while the penetration loss which is mainly for the NLOS propagation type is not modelled. Also, for shadow fading, the existing 3GPP shadow fading model can be fully reused.
Pathloss
[bookmark: OLE_LINK15]Pathloss, also known as propagation loss, refers to the phenomenon in wireless communication that signals gradually degrade due to the increase in distance during propagation. It is the inevitable signal attenuation of wireless signals when they are transmitted in free space or other media, usually expressed in dB. The propagation loss in free space is related to the propagation distance d and receiver antenna aperture A, which can be calculated as

Converting to dB value, the typical free space pathloss formula is

It can be observed that in traditional communication systems, only the power attenuation of transceiver nodes is considered in the pathloss model, while for the sensing system, the location, shape and other information of the sensing target are exactly the information that is required to be obtained. Therefore, the pathloss model in the communication system needs to be enhanced in order to support 5G wireless sensing.
Observation 2: When calculating the pathloss in traditional communication systems, only the power attenuation of transceiver nodes is considered in the pathloss model.
Proposal 7: The pathloss model in the communication system needs to be enhanced in order to support 5G wireless sensing.
The most important thing when modeling the pathloss of sensing is to consider the scattering characteristic of the sensing target. When only a single reflector is considered, the entire propagation link can be approximated as incident link propagation loss, reflection loss and reflection link propagation loss, where the propagation of a single incident link and reflection link can be approximated as free space propagation, and the reflection loss can be obtained based on the RCS of the scatterer. Considering the TX power as , the propagation distance of incident link as , and the RCS of the sensing target as , then, the reflected power is . Accordingly, the power reflected by the scatterer and ended at the receiver, i.e., , can be derived by the reflected power and the antenna aperture of the receiver. That is, . Therefore, the pathloss of the entire propagation link can be calculated as

Converting to dB value, the formula can be expressed as

where and  are the pathloss from sensing transmitter to sensing target and from sensing target to the sensing receiver, respectively, which can reuse legacy pathloss formula given by [5] - [8] considering different scenarios. The modelling method of RCS  is discussed in Section 3, and it should be emphasized that the RCS average of the whole process of sensing target fluctuation, i.e., , is used to model the pathloss if Swerling model is used to determine the RCS of the sensing target.
Proposal 8: The pathloss model of the entire propagation link for 5G wireless sensing should take the incident link propagation loss, the reflection loss, and the reflection link propagation loss into account, where the reflection loss can be obtained based on the RCS of the scatterer.
Except for the sensing target, whether the pathloss modelling of environment target should be enhanced is also requiring further consideration.

LOS/NLOS propagation type
[bookmark: _Hlk157416243]According to the definition in [6], the modelling of LOS/NLOS propagation is determined by LOS probability in five typical scenarios, i.e., Indoor office, UMi street canyon, Uma, RMa and Indoor Factory. It can be observed that the specific blocking situation is not taken into account when modeling LOS/NLOS propagation types in those scenarios. Regarding the aerial vehicles case, the height of user terminal is further considered when calculating LOS probability [7]. For RMa-AV and Uma-AV scenarios, the probability of LOS path is 100% if the aerial UE is high enough.
For V2X scenario, the modelling of LOS/NLOS propagation is based on the vehicle distribution within streets. A V2V link is considered in LOS state if the two vehicles are in the same street and the LOS path is not blocked by vehicles. If two vehicles are in different streets, i.e., LOS path blocked by buildings in urban case, the V2V link is considered in NLOS state. A new propagation type NLOSv is defined additionally in V2X scenario, in order to describe the case that two vehicles are in the same street and the LOS path is blocked by vehicles. The probability of LOS and NLOSv is given by Table 6.2-1 in [5].
Considering the deployment parameters of the above scenarios can be reused with parameters related to sensing targets added to each scenario, the modelling of LOS/NLOS propagation is also proposed to be reused.
Proposal 9: For the modelling of LOS/NLOS propagation:
· The LOS probabilities given in Table 7.4.2-1 in TR 38.901 is reused for the modelling of sensing targets in Indoor office, UMi street canyon, Uma, RMa and Indoor Factory scenarios
· The LOS probabilities given in Table B-1 in TR 36.777 is reused for the modelling of aerial sensing targets, such as UAV
· LOS/NLOS propagation type determination method given in TR 37.885 is reused for the modelling of sensing targets in V2X scenario

Modelling of small scale fading
General principle
As a starting point for modelling the small scale fading channel of ISAC, the details of fast fading channel modelling in TS 38.901[6] should be as the baseline. The channels of ISAC may consist of channel between sensing TX and sensing RX and channel between sensing TX/RX and sensing targets/ background environment. For the channel modelling of small scale fading between sensing TX and sensing RX, the procedure of fast fading channel modelling in TS 38.901[6] can be reused completely, and only LOS cluster need to be modeled. However, channel modelling of small scale fading between sensing TX/RX and sensing targets/ background environment should be further studied based on the legacy communication channel modelling, while both sensing targets and background environment (e.g., plants and buildings) should be modelled in the ISAC channel modelling, as shown in Fig. 6.


Fig. 6 Small scale fading channel modelling of ISAC
Proposal 10:  The ISAC fast fading channels consist of channels between sensing TX and sensing RX and channels between sensing TX/RX and sensing targets/ background environment:
· The fast fading channel modelling between sensing TX and sensing RX may reuse the associated procedure of TS 38.901, and only LOS cluster need to be modeled.
· The fast fading channel modelling between sensing TX/RX and sensing targets/ background environment should consider both the sensing targets and background environment based on the legacy fast fading channel modelling procedure.

In this section, the channel modelling of small scale fading under monostatic sensing mode and bi-static sensing mode are mainly discussed. The difference between monostatic sensing mode and bi-static sensing mode is whether transmitter and receiver of sensing signals is the same device. Regarding channels between sensing TX/RX devices and sensing targets, the small scale fading characteristics are mostly similar to that of the legacy communication channel. Therefore, most works for modelling the small scale fading of sensing channels are how to generate the fast fading channel based on the geometry location, type, speed, size, RCS of sensing targets and background environment objects.
For the fast fading modelling of channels between sensing TX/RX and sensing targets, the channels can be divided into TX-target links and target-RX links. The cluster modelling for TX-target links and target-RX links should be based on the procedure of TX-RX link in TS 38.901 [6] as a starting point. For the TX-target links, the target can be modeled as a RX device. For the target-RX link, the target can be regarded as a TX device. 
[bookmark: OLE_LINK1]Although the modelling method of LOS/NLOS propagation type can be reused to model sensing channel, as discussed in clause 4.2, the impact of NLOS propagation on sensing still needs careful consideration. In the case of NLOS propagation, the wireless signal can only reach the receiver through reflection, scattering and diffraction. At this time, the wireless signal is received through many paths, and the multipath effect will bring about a series of problems such as delay desynchrony, signal attenuation, polarization change, and link instability. These problems can be more severe in sensing channel, since the determination of sensing information is based on reflection and scattering.  Besides, reflections and scattering caused by NLOS propagation can increase the number of interfering signal paths, as well as clutters, and thus make it harder to reach higher resolutions. Therefore, only the TX-target link/target-RX link in LOS propagation condition should be considered when modelling the channel between sensing TX/RX and sensing targets at the first stage, as illustrated in Fig. 7. Regarding the cluster modelling for sensing targets, whether both LOS and NLOS clusters need to be modeled in the channel modelling should be further studied. Considering the complexity of the modelling, the number of NLOS clusters should be limited, or only model the LOS clusters. To get a whole sensing channel, TX-target link and target-RX link should be cascaded.


Fig. 7 The fast fading channels between TX/RX and sensing targets
[bookmark: OLE_LINK7][bookmark: OLE_LINK19]Proposal 11: The fast fading channels between TX/RX and sensing targets should be modeled with TX-target links and target-RX links, based on the procedure of TX-RX communication fast fading channel in TS 38.901.
· For the TX-target links, the target can be modeled as a RX device. For the target-RX link, the target can be regarded as a TX device
· The TX/RX-target links should always be modeled in the LOS propagation condition.
· TX-target link and target-RX link should be cascaded as a whole sensing channel.
· Both LOS and NLOS clusters, or only LOS clusters need to be modeled.

For the fast fading modelling of channels between TX/RX and environment objects, there are two methods that can be considered:
· Option 1: The fast fading channels of environment objects are generated in a similar way to that of sensing targets, both stochastic LOS and NLOS clusters should be generated, or only LOS clusters should be generated.
· Option 2: The clusters between TX/RX and environment objects are generated as the legacy NLOS clusters in TS 38.901, the environment objects are deployed without considering a real geographical location in the modelling. In this case, the environment objects are modeled as the clutters.
· Option 3: Both option 1 and option 2 are modeled.
Proposal 12: The fast fading sensing channel modelling between TX/RX and environment objects should consider the following two candidate solutions at least:
· Option 1: Following the same modelling rule of sensing targets.
· Option 2: Reusing the similar rule of NLOS clusters generation for communication fast fading channel modelling in TS 38.901 as much as possible.
· Option 3: Both option 1 and option 2 are modelled.
      
Detailed channel coefficient generation procedure
According to TS 38.901[6], the realizations of radio channel are obtained by a step-wise channel coefficient generation procedure, as illustrated in Fig. 8. The sensing targets and environment objects could be modeled as single point or multiple points modelling. To reduce complexity of simulation, the sensing targets and the environment objects are preferred to be modeled as single point modelling. For the single point modelling of small scale fading of sensing channel in bi-static sensing mode, some modifications are required based on the procedure in [6], which are described below.



Fig. 8 Channel coefficient generation procedure
Step 1: Additionally, set sensing-related parameters, e.g., 3D locations, speed, RCS of sensing targets and/or environment objects. 
· Based on 3D location of TX, RX and X, determine LOS AOD, LOS ZOD, LOS AOA, LOS ZOA of each TX-X link and X-RX link.
Step 2~4: Following the rules in Section 3 and 4, generate the large scale parameters for sensing targets or environment objects additionally based on step 1:
· [bookmark: OLE_LINK17][bookmark: OLE_LINK21]Assign propagation condition (LOS/NLOS): The TX/RX-target links should always be modeled in the LOS propagation condition, nevertheless, the TX/RX-environment links may be modeled in the LOS or NLOS propagation condition
· Calculate pathloss with formulas in clause 4.1
· Generate large scale parameters, e.g. delay spread (DS), angular spreads (ASA, ASD, ZSA, ZSD), Ricean K factor and shadow fading
Step 5~6: Generate the delays, cluster powers and angles for clusters, 
· For monostatic sensing mode, the delays and cluster powers for LOS clusters in TX-X and X-RX are same, the angles of LOS clusters in TX-X and X-RX are reciprocal. Above parameters of NLOS clusters in TX-X and X-RX are generated randomly based on the same larger scale parameters
· For bi-static sensing mode, the delays, cluster powers and angles for LOS/NLOS clusters are generated separately for TX-X and X-RX.
Step 8: Coupling of rays within a cluster for both azimuth and elevation, randomly mapping the rays in each pair of clusters
Step 8a: Coupling of clusters from TX-X link and clusters from X-RX link
· Option 1: Randomly mapping the NLOS clusters from TX-X link and clusters from X-RX link 
· Option 2: Only LOS clusters are modeled for TX-X link and X-RX link
[bookmark: OLE_LINK20]Step 9~12: Coefficient generation should reuse the same procedures in TS 38.901 except cascading the TX-X link and X-RX link additionally.
Note: X may be sensing targets or background environment objects.
Proposal 13: Necessary modifications are required for the channel coefficient generation procedures in order to support 5G wireless sensing.
· Generate the delays, cluster powers and angles for sensing targets and environment objects, 
· For monostatic sensing mode, the delays and cluster powers for LOS clusters in TX-X and X-RX are same, the angles of LOS clusters in TX-X and X-RX are reciprocal. Above parameters of NLOS clusters in TX-X and X-RX are generated randomly based on the same larger scale parameters
· For bi-static sensing mode, the delays, cluster powers and angles for LOS/NLOS clusters are generated separately for TX-X and X-RX.
· Coupling of clusters from TX-X link and clusters from X-RX link,
· Option 1: Randomly mapping the NLOS clusters from TX-X link and clusters from X-RX link 
· Option 2: Only LOS clusters are modeled for TX-X link and X-RX link
· Note: X may be sensing targets or background environment objects.

Conclusion
In this contribution, channel modelling of sensing targets and background environment for Integrated Sensing and Communication are discussed. Observations and proposals are given as follows:
[bookmark: OLE_LINK10]Proposal 1: For channel model of integrated sensing and communication, several use cases should be prioritized, including sensing for UAV intrusion detection, intruder detection in surrounding of smart home, sensing assisted automotive manoeuvring and navigation, vehicle sensing for ADAS, AGV detection and tracking in factories, and pedestrian/animal intrusion detection on a highway.
Proposal 2: FR2 band is prioritized during the study on ISAC, as least for V2X and UAV scenarios.
Proposal 3: A two-way channel modelling framework is required for 5G wireless sensing system, including sensing transmitter to sensing target and sensing target to sensing receiver, taking the reflections of sensing signal into account.
· The channel between sensing transmitter and sensing receiver should be additionally modeled for bi-static sensing mode
Proposal 4: RAN1 is required to model the sensing channel of sensing targets as well as clutters or environment objects, taking the stochastic channel model in TS 38.901 as the baseline.
Observation 1: Radar cross-section (RCS) is a measurable value, which is used to measure the scattering ability of a sensing target/environment objects to incident electromagnetic wave.
Proposal 5: The concept of RCS can be reused to characterize the scattering characteristics of sensing targets and/or environment objects, and legacy RCS modelling methods in the field of radar is considered as a starting point.
Proposal 6: The following two RCS modelling methods can be considered as high priority during the study on 5G wireless sensing:
· Option 1: RCS is modelled as a fixed value for a certain sensing target
· Option 2: RCS is modelled as a random variable subject to a specific probability density function
Observation 2: When calculating the pathloss in traditional communication systems, only the power attenuation of transceiver nodes is considered in the pathloss model.
Proposal 7: The pathloss model in the communication system needs to be enhanced in order to support 5G wireless sensing.
Proposal 8: The pathloss model of the entire propagation link for 5G wireless sensing should take the incident link propagation loss, the reflection loss, and the reflection link propagation loss into account, where the reflection loss can be obtained based on the RCS of the scatterer.
Proposal 9: For the modelling of LOS/NLOS propagation:
· The LOS probabilities given in Table 7.4.2-1 in TR 38.901 is reused for the modelling of sensing targets in Indoor office, UMi street canyon, Uma, RMa and Indoor Factory scenarios
· The LOS probabilities given in Table B-1 in TR 36.777 is reused for the modelling of aerial sensing targets, such as UAV
· LOS/NLOS propagation type determination method given in TR 37.885 is reused for the modelling of sensing targets in V2X scenario
Proposal 10:  The ISAC fast fading channels consist of channels between sensing TX and sensing RX and channels between sensing TX/RX and sensing targets/ background environment:
· The fast fading channel modelling between sensing TX and sensing RX may reuse the associated procedure of TS 38.901, and only LOS cluster need to be modeled.
· The fast fading channel modelling between sensing TX/RX and sensing targets/ background environment should consider both the sensing targets and background environment based on the legacy fast fading channel modelling procedure.
Proposal 11: The fast fading channels between TX/RX and sensing targets should be modeled with TX-target links and target-RX links, based on the procedure of TX-RX communication fast fading channel in TS 38.901.
· For the TX-target links, the target can be modeled as a RX device. For the target-RX link, the target can be regarded as a TX device
· The TX/RX-target links should always be modeled in the LOS propagation condition.
· TX-target link and target-RX link should be cascaded as a whole sensing channel.
· Both LOS and NLOS clusters, or only LOS clusters need to be modeled.
Proposal 12: The fast fading sensing channel modelling between TX/RX and environment objects should consider the following two candidate solutions at least:
· Option 1: Following the same modelling rule of sensing targets.
· Option 2: Reusing the similar rule of NLOS clusters generation for communication fast fading channel modelling in TS 38.901 as much as possible.
· Option 3: Both option 1 and option 2 are modelled.
Proposal 13: Necessary modifications are required for the channel coefficient generation procedures in order to support 5G wireless sensing.
· Generate the delays, cluster powers and angles for sensing targets and environment objects, 
· For monostatic sensing mode, the delays and cluster powers for LOS clusters in TX-X and X-RX are same, the angles of LOS clusters in TX-X and X-RX are reciprocal. Above parameters of NLOS clusters in TX-X and X-RX are generated randomly based on the same larger scale parameters
· For bi-static sensing mode, the delays, cluster powers and angles for LOS/NLOS clusters are generated separately for TX-X and X-RX.
· Coupling of clusters from TX-X link and clusters from X-RX link,
· Option 1: Randomly mapping the NLOS clusters from TX-X link and clusters from X-RX link 
· Option 2: Only LOS clusters are modeled for TX-X link and X-RX link
· Note: X may be sensing targets or background environment objects.
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