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Introduction
[bookmark: _Ref494215420]In RAN#102 meeting, the new SID of ‘Study on channel modeling for Integrated Sensing And Communication (ISAC) for NR’ was approved [1]. The corresponding objective is copied below.
	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:
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, we provide our views on the details of the ISAC channel modelling.

Channel model for sensing
Methodologies
Impact to/from communications
We support the study item prioritizes the study of ISAC channel modeling to enable the evaluation of 3GPP sensing performance, and agree to minimize the difference in the evaluation of communication using the ISAC channel model compared with existing channel model in TR 38.901 [2]. However, due to the differences between the ISAC channel model and the existing channel model in deployment scenarios, sensing targets, sensing nodes and other aspects, it is difficult to calibrate the two types of channel models. We believe that it is only necessary to calibrate the ISAC channel model according to some or all calibration metrics defined in section 7.8, TR 38.901 and some newly defined calibration metrics in the future.
Proposal 1: For the impact to/from communication:
· The study item prioritizes the study of ISAC channel modeling to enable the evaluation of 3GPP sensing performance.
· RAN1 strives to minimize the difference in the evaluation of communication using the ISAC channel model compared with existing channel model in TR 38.901.

Stochastic model vs. ray-tracing model
In order to take account the rationality, accuracy and complexity of the simulation, target channel  should be modeled by deterministic method to ensure the rationality and accuracy of channel parameters related to sensing targets, while background channel  should be modeled by statistical method to reduce the modeling complexity. In addition, the ISAC channel model based on ray tracing should be low priority, if supported, it should be studied after the statistic model has been completed.
Proposal 2: For stochastic model vs. ray-tracing model:
· The existing channel model in section 7, TR 38.901 is enhanced to support ISAC evaluations 
· Adding a model for the deterministic sensing target 
· Adding a model for the channel component impacted by the deterministic sensing target, i.e., target specific channel, using section 7, TR 38.901 as start point.  
· ISAC channel model based on ray tracing/hybrid channel model should be low priority.

Components of target channel
As we all know, LOS ray has a great impact on the sensing performance. However, for ISAC, we not only need to evaluate the sensing performance when LOS ray is present, but also need to know the sensing performance when LOS ray does not exist, such as the degree of deterioration, which has a great impact on the subsequent technical scheme design.
Proposal 3: Both LOS ray(s) and NLOS clusters are modelled in the Tx-target link and the target-Rx link, and as a special case, there can be only one or multiple LOS rays in the two links.
In order to reflect the real propagation channel of ISAC, and to be suitable for various possible sensing algorithms, one or multiple targets between a pair of sensing Tx and sensing Rx should be modelled. On the other hand, for the same sensing target, it is possible to be detected by multiple sensing nodes, especially for multiple sensing nodes coordination schemes.
Proposal 4: For the relationship of the target and the pair of sensing Tx and sensing Rx:
· Multiple targets can be modelled in one ISAC channel between a pair of sensing Tx and sensing Rx
· The same target can be modelled in ISAC channel between different pairs of sensing Tx and Rx

Components of background channel
The presence of the environmental objects will have a certain impact on the sensing performance, but the determination of the specific locations of the environmental targets have little impact on the statistical results of the sensing performance, and have a great impact on the simulation complexity. Therefore, only stochastic clutters should be modelled in the background channel which following the cluster generation in TR 38.901.
Proposal 5: Only the stochastic clutters following the cluster generation in TR 38.901 are modeled in the background channel.

Sensing target modelling
Single point vs. multiple points for a target
The modelling of a sensing target with multiple point scatters was agreed in RAN1#116bis [3] as following:
	Agreement
· In the target channel between Tx and Rx, scattering of a sensing target can be modelled as single scattering point or multiple scattering points 
· FFS one or multiple incoming/output rays corresponding to a scattering point
· FFS how to select single or multiple scattering points for the target, e.g. depending on the distance between target and Tx/Rx, size/shape of target, etc.
· Note: the sensing target can be assumed in far field of sensing Tx/Rx.
· FFS details to model the single or multiple scattering points.


As was discussed before, a target should be modelled as a single point in most scenarios as the starting point. When considering the target as multiple points, one of the common understandings is that it is near to the sensing TRX, . In this situation, due to the low distance between the target and the sensor, multiple parts of the target can cause echoes with different reflection angles, while each echo is likely to have its unique power. 
On the other hand, even if the target is far away from the sensing T/RX,, when a sensing cluster contains  multiple rays with a wide angular spread, , the target should also be considered as multiple points. As an illustration, when the vehicle is sensed, the canopy and the left door of it can both reflect signal to the receiver. However, due to different normal directions of these two facades of the same object, it will result in two rays that are differentiable in the angular domain. 
[image: ]
Figure 1 Illustration of multiple rays with different rays within a cluster

Proposal 6: Model the target based on the following rules:
· [bookmark: _GoBack]When the target is near to the sensing Tx/Rx, model the target as multiple points. Otherwise, model the target as a single point. The range threshold should consider the aperture of the T/RX and the size of the target.
· When the sensing signal has multiple rays with a wide angular spread, model the target as multiple points. If the sensing signal is confined within a low angle range, model the target as a single point.

RCS modelling
The factors related to RCS were agreed in RAN1#116bis:
	Agreement
RCS of a physical object shows dependency to at least the following factors: 
· Type of the object
· The size of the object
· The material of the object
· The shape of the object
· Orientation of the object
· FFS: Distance between Tx/Rx and the object
· The incident angle and scatter angle
· The carrier frequency
· polarization of the transmitter and receiver
· FFS Temporal or spatial consistency
· FFS antenna pattern
· FFS whether/how to model the above factors in the CR, e.g. with an RCS model with a scattering point
Agreement
If a target is modelled with single scattering point, the following options to model RCS of the target are considered for further study.
· Option 1: Random RCS value generated by a statistical distribution, depending on the factor(s) having impacts on the RCS modelling. 
· FFS the distribution. 
· FFS the factor(s) 
· Option 2: Deterministic RCS value is defined by a function and/or a table, depending on the factor(s) having impacts on the RCS modelling 
· Note: Constant RCS for a target type can be a special case of Option 2
· FFS the factor(s)
· FFS details of function and/or table
· Option 3: combination of Option 1 & 2, e.g., RCS value is generated by combining a deterministic component and a randomly generated component.
· FFS application of each option to large scale fading and/or small scale fading
· FFS target with multiple scattering points


The modelling of the RCS of a single scattering point should neither be too complex nor too simple. And therefore, as the first step, a random value based on a certain distribution is a proper modelling method. The parameters of the distribution should be decided by the factors that affect the RCS, such as the carrier frequency, the type of the target, etc.
In the further study, in order to better support the validations on ISAC systems in specific scenarios, the modelling on specific types of targets with some deterministic attributes should be considered. Applying the deterministic model will better describe the reflection properties of a target of its unique type, e.g., vehicles or humans, and the differences in incident and scattering angles. In order to involve the randomness of the real-world, such modelling can be constructed by a combination of deterministic and stochastic properties. As an illustration:

where, ,   and  represent the incident angle, the scattering angle, the carrier frequency and the specific property of the target, respectively;  is a random value that subjects to random distribution, e.g., normal distribution.
Proposal 7: Model the RCS of the target as a statistical distribution. In the future work, study modelling the RCS through a combination of deterministic and stochastic models. 

Slow fading modelling
Pathloss
In sensing target specific channel, the transmitted signals will experience two links loss, i.e., Tx-Target link and Target-Rx link. For Tx-Target link, the standard pathloss calculation includes receive antenna aperture, and thus, the influence of antenna aperture needs to be subtracted from the pathloss explicitly [3], so the pathloss can be expressed as , where  is the distance between Tx and target,  is the light speed,  is the carrier frequency. For Target-Rx link, the pathloss can be defined as , where  is the distance between target and Rx. Since the distance in pathloss formula is 3D distance, it contains the height of Tx, target and UE.  and  can reuse pathloss formula in 3GPP TRs, e.g., TR 38.901, TR 36.777 [4], TR 37.885 [5], etc. Meanwhile, as mentioned in Sec. 2.2.2, the RCS of the target needs to be considered in slow fading, which can be modelled as , where  is the RCS of the target. Therefore, the pathloss model of two links in sensing target specific channel can be expressed as:

Proposal 8: For ISAC, the pathloss model can be modelled as a combination of two links (i.e., Tx-Target and Target-Rx link) as follows:


LOS probability
The cases of radio propagation in the target channel were agreed in RAN1#116b as following:
	Agreement
The following cases of radio propagation in the target channel are considered for the study

	Case
	Tx-target 
	Target-Rx 

	1
	LOS condition
	LOS condition

	2
	LOS condition
	NLOS condition

	3
	NLOS condition
	LOS condition

	4
	NLOS condition
	NLOS condition



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


Similarly to the pathloss model, the LOS/NLOS condition also should be considered as two links to determine independently in target channel. In other words, Tx-Target link and Target-Rx link both have LOS probability, respectively. For monostatic sensing mode, the same geometry distance and relative location of Tx-Target path and Target-Rx path lead to the same values of LOS probability. However, the LOS/NLOS condition based on the LOS probability may be different, which can be divided to two cases. On the one hand, if only LOS ray(s) in LOS condition are modeled, the LOS/NLOS condition of two links are the same. On the other hand, if LOS ray(s) and NLOS cluster(s) are both modeled, it may happens that transmitted waves experience LOS ray(s), but echo waves may experience NLOS cluster(s) only because of the reflection on target, so that LOS/NLOS condition are different.
Proposal 9: The LOS/NLOS condition of the two links are determined independently based on the LOS probability of the two links generated separately in target channel.
Proposal 10: The same values of LOS probability of Tx-target and Rx-target links can be considered in monostatic sensing mode, but the LOS/NLOS condition may be different.
Furthermore, the LOS probability mainly depends on the height of sensing target based on different use case. In ISAC, there are 5 use cases with one type of sensing target in each use case, and they are related to existing scenarios defined in 3GPP TRs. According to the different height of sensing target and use case, the LOS probability model of two links can reuse the formula in TR 38.901. TR 36.777, TR 37.885, etc. as the starting point. Specifically, we give a table which represents the impacts of target height on LOS probability as follows:
Table 2.1 The impacts of target height on LOS probability  
	Link
	The height of sensing target
	Note
	LOS probability

	TRP-Target
	X m<=htarget<=22.5 m
	For RMa, X=1
For UMa/UMi, X=1.5
	Reuse TR 38.901

	
	htarget <X m
	
	FFS

	
	htarget>22.5 m
	For UAV
	Reuse TR 36.777

	Target-UE
	htarget>3 m
	FFS
	FFS

	
	htarget <=3 m
	For Human/Vehicle
	Reuse TR 37.885


Proposal 11: According to different use case, the LOS probability model of two links can reuse the formula in TR 38.901. TR 36.777, TR 37.885, etc., as the starting point.
Proposal 12: Adopt the following table as the starting point considering the impacts of target height on LOS probability.
	Link
	The height of sensing target
	Note
	LOS probability

	TRP-Target
	X m<=htarget<=22.5 m
	For RMa, X=1
For UMa/UMi, X=1.5
	Reuse TR 38.901

	
	htarget <X m
	
	FFS

	
	htarget>22.5 m
	For UAV
	Reuse TR 36.777

	Target-UE
	htarget>3 m
	FFS
	FFS

	
	htarget <=3 m
	For Human/Vehicle
	Reuse TR 37.885



Mobility of Tx, target, Rx
For ISAC, the transmitted signals will be impacted by an object or environment of interest for sensing purposes and eventually received by the receiver. The case that Tx, target and Rx are all moving is general. However, the movement and location of target have not been deterministically modelled in current specification [2], which cannot be used for tracking.
Observation 1: The movement of target and clutter have not been deterministically modelled in current specification, which cannot be used for tracking.
Considering the channel modelling for mobility and referring to [4], the Doppler shift is obtained by calculating the sum of the projection of the velocity vector onto the propagation LOS for the total path. Besides, the expression can be simplified to support mono-static case.
Observation 2: For mobility, the Doppler shift is obtained by calculating the sum of the projection of the velocity vector onto the propagation LOS for the total path.


[bookmark: _Ref162887625]Figure 2 The bi-static sensing system
Considering a bi-static sensing system as shown in Figure 2, the Doppler shift is obtained from the rate of change of the total path. The total path of the transmitted signal is the Tx-clutter-target- clutter -Rx path. To support simulations that involve dual Tx, target and Rx mobility, the Doppler frequency in Doppler frequency component is given by

If  and , the expression can be simplified to mono-static sensing case.
Proposal 13: To support simulations that involve dual Tx, target and Rx mobility, the Doppler frequency in Doppler frequency component is given by

If  and  , the expression can be simplified  to mono-static sensing case.

Spatial consistency modelling
In current channel model [2], two alternative spatial consistency procedures – Procedure A and Procedure B – are presented for spatially-consistent UT/BS mobility modelling. Similar to section 2.3, the enhancement of spatial consistency also requires additional consideration of sensing target movement.
For Procedure A, the changes in the propagation distance of the electromagnetic wave or the equivalent velocity of the Tx/Rx in  require consideration of the speed of the sensing target in addition to the speed of Tx/Rx.
Taking the change of propagation distance in   as an example, before considering the sensing target speed, it can be expressed as:

When the sensing target speed is taken into account, the change of distance can be expressed as:

For Procedure B, the LSPs and SSPs are interpolated within the coherence length or time the respective parameter for implementation purposes. In the simulation, we can draw the grid as shown in Figure 10 based on the coherence length, and the parameters value of the points inside a small square are interpolated by the parameters values of the four end points of the small square.


Figure 3 The grid based on coherence length
When the trajectory of sensing target is taken into account, the coherence length grid will become complicated and it is difficult to interpolate the LSPs and SSPs. Therefore, Procedure B is not suitable for spatial consistency modeling for sensing target movement.
Proposal 14: For spatially-consistent UT/BS/Targets mobility modelling, enhancements on Procedure A is supported.

Conclusion
In this contribution, we provided our views on the details of the ISAC channel modelling. The following observations and proposals are made:
Observation 1: The movement of target and clutter have not been deterministically modelled in current specification, which cannot be used for tracking. 
Observation 2: For mobility, the Doppler shift is obtained by calculating the sum of the projection of the velocity vector onto the propagation LOS for the total path.
Proposal 1: For the impact to/from communication:
· The study item prioritizes the study of ISAC channel modeling to enable the evaluation of 3GPP sensing performance.
· RAN1 strives to minimize the difference in the evaluation of communication using the ISAC channel model compared with existing channel model in TR 38.901.
Proposal 2: For stochastic model vs. ray-tracing model:
· The existing channel model in section 7, TR 38.901 is enhanced to support ISAC evaluations 
· Adding a model for the deterministic sensing target 
· Adding a model for the channel component impacted by the deterministic sensing target, i.e., target specific channel, using section 7, TR 38.901 as start point.  
· ISAC channel model based on ray tracing/hybrid channel model should be low priority.
Proposal 3: Both LOS ray(s) and NLOS clusters are modelled in the Tx-target link and the target-Rx link, and as a special case, there can be only one or multiple LOS rays in the two links..
Proposal 4: For the relationship of the target and the pair of sensing Tx and sensing Rx:
· Multiple targets can be modelled in one ISAC channel between a pair of sensing Tx and sensing Rx
· The same target can be modelled in ISAC channel between different pairs of sensing Tx and Rx
Proposal 5: Only the stochastic clutters following the cluster generation in TR 38.901 are modeled in the background channel.
Proposal 6: Model the target based on the following rules:
· When the target is near to the sensing Tx/Rx, model the target as multiple points. Otherwise, model the target as a single point. The range threshold should consider the aperture of the T/RX and the size of the target.
· When the sensing signal has multiple rays with a wide angular spread, model the target as multiple points. If the sensing signal is confined within a low angle range, model the target as a single point.
Proposal 7: Model the RCS of the target as a statistical distribution. In the future work, study modelling the RCS through a combination of deterministic and stochastic models. 
Proposal 8: For ISAC, the pathloss model can be modelled as a combination of two links (i.e., Tx-Target and Target-Rx link) as follows:

Proposal 9: The LOS/NLOS condition of the two links are determined independently based on the LOS probability of the two links generated separately in target channel.
Proposal 10: The same values of LOS probability of Tx-target and Rx-target links can be considered in monostatic sensing mode, but the LOS/NLOS condition may be different.
Proposal 11: According to different use case, the LOS probability model of two links can reuse the formula in TR 38.901. TR 36.777, TR 37.885, etc., as the starting point.
Proposal 12: Adopt the following table as the starting point considering the impacts of target height on LOS probability.
	Link
	The height of sensing target
	Note
	LOS probability

	TRP-Target
	X m<=htarget<=22.5 m
	For RMa, X=1
For UMa/UMi, X=1.5
	Reuse TR 38.901

	
	htarget <X m
	
	FFS

	
	htarget>22.5 m
	For UAV
	Reuse TR 36.777

	Target-UE
	htarget>3 m
	FFS
	FFS

	
	htarget <=3 m
	For Human/Vehicle
	Reuse TR 37.885


Proposal 13: To support simulations that involve dual Tx, target and Rx mobility, the Doppler frequency in Doppler frequency component is given by

If  and  , the expression can be simplified  to mono-static sensing case.
Proposal 14: For spatially-consistent UT/BS/Targets mobility modelling, enhancements on Procedure A is supported.
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