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Introduction
[bookmark: _Hlk510705081]A Study Item for Rel19 on channel modelling for Integrated Sensing and Communications (ISAC) for NR was approved in RAN#102 [1]. 
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The SI further identified the objectives for RAN1 to resolve:
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The SI further indicates that:
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The SI requests the following:
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This study began in RAN#116 in Feb. 2024. This contribution provides Nokia’s views regarding channel modeling or ISAC.
Discussion
[bookmark: _Ref162828427]Target channel modeling
In RAN1#116, a basic framework was agreed for the modeling of wireless propagation channels used for 3GPP integrated sensing:
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 

When considering the signal propagation for the target channel a reasonable baseline assumption may be that target channel, can be deconstructed in to a component channel between the transmitter and the target, , and a component channel between the target and the receiver, .  This model framework is illustrated in Figure 1.  As illustrated in the model, paths between either the sensing transmitter and the target in , or the target and the receiver in  may be direct or indirect depending on whether they are reflected, refracted, or scattered by non-target objects (clutter) in the environment. Additionally, it should be noted that a direct path may not exist in either  or , as illustrated in e.g. , due to the blockage from clutter. 
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[bookmark: _Ref162817273]Figure 1: Example baseline model of target component channel model, 
In monostatic sensing operations it may be assumed that  and  are highly correlated, while in most bistatic sensing operations these component channels may be independent.
Observation 1:	Components channels, , modeling signal propagation between the sensing transmitter and a target and , modeling signal propagation between the target and sensing receiver may be assumed to be highly correlated for monostatic sensing measurements, but independent for most bistatic sensing measurements.
Using this modeling framework, the composite channel may be constructed from the component channels when provided with a function, , which defines the relation between a propagation path, , in , incident at the target with azimuth and elevation, and propagation path, , in  scattered from the target at angle 
A natural starting point for this framework may be to use the channel model defined in TR 38.901 to define the baseline propagation model for both  and  as illustrated in Figure 2. 
As a motivational and low complexity example one may consider tap-delay-line (TDL) models for link simulations, and for the example shown in Figure 1, one can create a composite  channel impulse response:


where the triplets , , { denote the {realizations of the tap gains of the channels, tap delays, number of distinct paths or taps} from the transmitter to the target, from target to the receiver, and from the transmitter directly to the receiver (background) respectively. These realizations may be simulated using the TDL models from 38.901 [Section 7.7.2, 2]; and  denote the realizations of RCS samples corresponding to the scattering from the ’th path from the transmitter to the target to the ’th path from the target to the receiver. We also note that the first term in , which is given by double summation, corresponds to the channel impulse response for the target channel, i.e., , while the second term corresponds to the channel impulse response for the background, i.e., .
Using this as the baseline framework for propagation modeling it should be noted that there are some limitations which may constrain evaluations of sensing operations in 3GPP. These include the following:
· Inability to model effect of known objects with known location deterministically
· Inability to model clutter due to ground bounce
· Inability to differentiate propagation paths based on number of reflections, refractions, scatterings
· Inability to model propagation between neighboring basestations and UE-to-UE

Observation 2:	The following limitations of TR 38.901 channel model may constrain possible evaluation of sensing approaches in 3GPP:
· Inability to model effect of known objects with known location deterministically
· Inability to model clutter due to ground bounce
· Inability to differentiate propagation paths based on number of reflections, refractions, scatterings
· Inability to model propagation between neighboring basestations and UE-to-UE
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· [bookmark: _Ref162820784]Figure 2: Target channel model using TR 38.901 channel model to define propagation from Tx®target and target®Rx
Modeling of deterministic environmental objects
In RAN1#116, several companies had expressed an interest in including the presence of objects with known location that would produce a deterministic effect on signal propagation within the environment. The motivation for this is clear when considering how to model the detection and tracking of a unique target among the presence of additional target-like objects which may act as clutter for the detection of the target, e.g., detecting an automobile at a busy intersection that may be partially obscured by the presence of pedestrians. Additionally, companies may have interest in modeling deterministic features of an environment to assess the impact on sensing coverage/performance, e.g., object tracking in urban canyon environments as vehicles navigating around corners and out of coverage.
While the motivation may be clear, this approach for environment mapping appears to be a large departure from the stochastic method described in TR 38.901. Modeling of environmental objects may be more relevant to hybrid map-based modeling techniques, with enhancement for sensing specific applications.
Observation 3:	Modeling of environment objects with deterministic impact on signal propagation may need to be limited to hybrid map-based modeling approaches.
Proposal 1:	Stochastic modeling of the target channel should include at least propagation clusters related to stochastic clutter.
A significant challenge of modeling deterministic environment objects is that there is no consensus on what types of objects are to be included or how many may be included in the environment model. Before study on the integration of deterministic environment objects is considered consensus is needed on what objects are intended to be included.
Proposal 2:	A list of which environment objects that might have deterministic impact on signal propagation for sensing must be agreed before further study on whether/how the deterministic impact may be modeled.
· FFS: maximum number of environmental objects that may be included

[bookmark: _Hlk162822583]If deterministic environments objects include target-like objects such as pedestrians, automobiles, etc. then the incorporation of those deterministic environment objects may be done in a similar fashion to multi-target channel modeling.
Observation 4:	If deterministic environments objects include target-like objects then the incorporation of those deterministic environment objects may be done in a similar fashion to multi-target channel modeling.
Alternatively, if deterministic environmental objects include non-target objects such as buildings including walls and ceilings, trees, etc. the modeling of those objects may require a different modeling approach to that of targets which could significantly increase modeling complexity.
Observation 5:	If deterministic environments objects includes non-target objects, then the incorporation of those deterministic environment objects may significantly increase modeling complexity.
For these reasons, if deterministic environment objects are included, they should be limited to target-like objects to maintain manageable computational complexity.
Proposal 3:	If deterministic environment objects are included in sensing channel modeling, they should be limited to target-like objects such as pedestrians, automobiles, etc.
Modeling of deterministic ground bounce
In addition to the modeling of environmental objects with deterministic impact on signal propagation there may be other deterministic propagation effects which are not attributable to specific objects within the environment.  One deterministic feature of signal propagation that may be expected to be observed is the presence of signal reflection from the ground particularly in cases where the sensing transmitter/receiver are at significantly higher altitude than the target being sensed.  In these cases the presence of strong ground bounce can obscure the target and significantly impact sensing performance for these reasons the effect of a ground bounce dependent on sensing transmitter, sensing receiver, and target height should be further studied.
Proposal 4:	Further study the modeling of deterministic ground bounce as part of small-scale parameters for target channel dependent on sensing transmitter, sensing receiver, and target altitude.
Modeling of paths from multiple reflections, refractions, and scatterings
In RAN1#116 several companies had expressed an interest in modeling propagation paths that includes the multiple reflections, refractions, scatterings between the targets and at least one non-target environment object. When considering the stochastic model provided in TR 38.901 it should be noted that the model defines propagation clusters with respect to angle of arrival, angle of departure, gain, and delay, without identifying the number of environmental interactions (i.e., reflection, refraction, scattering) the path may consist of.
Observation 6:	The stochastic channel model from TR 38.901 defines propagation clusters without identifying the number of environmental interactions the propagation path may consist of.
For this reason, using the approach provided in Figure 2, clusters identified as NLOS for either  or  can be assumed to include at least one interaction between the target and the environment, while the exact number of interactions may not be clearly specified. This would also mean that interactions between target and environment are modeled by default when using the concatenated modeling approach based on TR 38.901.
Observation 7:	If  is modeled as the concatenation of two channels based on the stochastic model defined in TR 38.901 then no enhancement is needed to model interactions between target and environment.
Alternatively, a different approach may be applied for the modeling of the target channel that avoids the need of concatenating multiple channels as illustrated in Figure 3.
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[bookmark: _Ref162825175]Figure 3: Stochastic approach to jointly modeling of  and 
The benefit of this approach is that, similar to the approach of TR 38.901, the channel clusters observed at the sensing receiver do not require the modeling of the interaction between the multi-path components of  and , but instead can model the apparent composite channel and tune relevant parameters to match empirical measurements directly.
Proposal 5:	Consider modeling multi-path components of  and  jointly based on apparent composite channel observed at sensing receiver.

Modeling of propagation between neighboring BS and UE-to-UE
The sensing modes included in the SID for ISAC in Rel-19 are included in Figure 4.
In general, signal propagation for sensing mode e. and sensing mode f. are included [2] and have been thoroughly evaluated as part of 5G study. The propagation environment for modes a.-d., however, have received little attention in prior 3GPP study and are either partially or not studied.  For example, sensing mode d. may be include some of the scenarios studied in V2X, which have been limited only to FR1 in previous study. Likewise, sensing mode b. may include some of the scenarios that have been studied as part of IAB but only under a limited subset of common evaluation parameters. Additionally, sensing modes a. and c. based on monostatic sensing have not been studied in any detail by 3GPP. For these reasons, modelling for sensing modes a.-d. may require modifications to the procedure defined in Section 7 of [2], if not a new modelling approach entirely.
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[bookmark: _Ref162826748]Figure 4: Sensing modes include in Rel-19 SID for ISAC channel modeling
It can be noted that unlike sensing modes a. and c., sensing modes b. and d. are similar in nature to sensing modes e. and f. That is, that these modes are bistatic and do not necessarily require full duplex operation simultaneously. For these reasons, it may be that channel modelling for sensing modes b. and d. may be modelled in using the general methodology provided in Section 7 of [2].  
Observation 8:	Sensing modes b. and d. may be modeled using the modeling methodology specified in Section 7 of [2].
Sensing modes a. and c., however, are based on full duplex operation of either a gNB or UE respectively, to perform monostatic sensing operation. For that reason it may be that the methodology for modeling sensing modes a. and c. is necessarily different from the methodology provided in Section 7 of [2].
Observation 9:	Sensing modes a. and c. may require a different modeling methodology than that specified in Section 7 of [2].
Further study will be necessary to identify what modification are necessary to model sensing mode a.-d.
Proposal 6:	Further study the necessary large- and small-scale modifications necessary to model sensing modes a.-d.
Additionally, for monostatic sensing modes it is reasonable to expect that self-interference may be a significant factor in sensing performance. For this reason, companies should consider whether self-interference modeling for sensing modes a. and c. should be considered.
Proposal 7:	Consider whether self-interference should be modeled for sensing modes a. and c.
Target modeling
[bookmark: _Ref162832503]RCS Modeling
As highlighted in Section 2.1, if  is to be constructed from the concatenation of two component channels,  and , then an RCS model will be needed to define the interaction between these two component channels. A variety of RCS modeling approaches have been proposed in RAN1#116; however, the design of this model may have significant impact on the observed channel. To fully characterize the target channel it would be necessary to define the reflection coefficient for each angle tuple . Characterizing the RCS at this level of detail for each type of target would greatly increase the complexity of the target channel model and would likely be beyond the ability of 3GPP RAN WG1 to empirically validate within the scope of this Rel-19 study.  
Observation 10:	Defining the RCS of all target types for all incident and scattered angle tuples  is not feasible within the scope of Rel-19 ISAC channel model study.
If a single RCS scalar is used to model the reflection coefficient for all angles of incidence and scattering such that  the mapping between incident and scattering clusters could be performed arbitrarily. This approach does not account for scenarios in which a different number of clusters are observed in each component channel (i.e.,  has 1 direct path, and  indirect paths, and  has 0 direct paths and  indirect paths. Additionally, this approach may not adequately reflect that fact that only a small fraction of the signal energy incident on the target is scattered towards the sensing receiver. As a result, it may provide overly optimistic estimates of target detection rates. Finally, this approach to modeling RCS is overly simplistic when compared against existing literature regarding observed target RCS. 
Observation 11:	Modeling target RCS as a scalar, invariant to angle of incidence/scattering on a target is overly simplistic for 3GPP channel modeling.
An alternative approach may be to pair paths between each component channel arbitrarily and draw RCS values for each pair from a known distribution. This approach may provide an ideal tradeoff between computational complexity and empirical validity, but it still does not address the issue of mapping unequal numbers of paths between component channels and may still provide overly optimistic estimates of total reflected energy when compared to empirical measurements. Additionally, the increased variance of this approach may make calibration among companies more difficult.
Observation 12:	Stochastic approaches to modeling RCS may provide a tradeoff between computation complexity and empirical validity but my increase model variance and hinder calibration efforts.
The modeling approach for RCS should consider the tradeoff between computational complexity and empirical validity.
Proposal 8:	If concatenated channel model is used for , RCS modeling should consider tradeoff between model complexity and empirical validity.
Proposal 9: Variation in RCS should be reflected in small scale parameters of concatenated channel model.

Single vs. multi-point scattering model
In RAN1#116 there was some preliminary discussion about whether a target would be modeled as a single or multi-point scatterer. While in general, there may be some scenarios where the target is adequately modeled as a single point scatterer, it may be overly simplistic to model all targets as single point scatterers. Additionally, the feature of multi-point scattering for certain targets may be a critical parameter that enables reliable tracking. In general, the multi-point scattering of a target should not require significantly complicated modeling and may be done with a one-to-many mapping for the RCS function as discussed in Section 2.2.1. Additionally, this one-to-many mapping and additionally a many-to-one mapping may be a useful technique for both matching unequal numbers of clusters modeled by each component channel and reducing the number of reflected clusters to more closely model the empirical RCS of targets.
Proposal 10: If multi-point scattering models are used for modeling targets in a concatenated target channel model, specify a one-to-many and many-to-one mapping rule for matching unequal numbers of clusters generated by each component channel.

Conclusion
In this contribution, we make the following observations regarding use cases scenarios for ISAC channel modeling:
Observation 1:	Components channels, , modeling signal propagation between the sensing transmitter and a target and , modeling signal propagation between the target and sensing receiver may be assumed to be highly correlated for monostatic sensing measurements, but independent for most bistatic sensing measurements.
Observation 2:	The following limitations of TR 38.901 channel model may constrain possible evaluation of sensing approaches in 3GPP:
· Inability to model effect of known objects with known location deterministically
· Inability to model clutter due to ground bounce
· Inability to differentiate propagation paths based on number of reflections, refractions, scatterings
· Inability to model propagation between neighboring basestations and UE-to-UE
Observation 3:	Modeling of environment objects with deterministic impact on signal propagation may need to be limited to hybrid map-based modeling approaches.
Observation 4:	If deterministic environments objects include target-like objects then the incorporation of those deterministic environment objects may be done in a similar fashion to multi-target channel modeling.
Observation 5:	If deterministic environments objects includes non-target objects, then the incorporation of those deterministic environment objects may significantly increase modeling complexity.
Observation 6:	The stochastic channel model from TR 38.901 defines propagation clusters without identifying the number of environmental interactions the propagation path may consist of.
Observation 7:	If  is modeled as the concatenation of two channels based on the stochastic model defined in TR 38.901 then no enhancement is needed to model interactions between target and environment.
Observation 8:	Sensing modes b. and d. may be modeled using the modeling methodology specified in Section 7 of [2].
Observation 8:	Sensing modes b. and d. may be modeled using the modeling methodology specified in Section 7 of [2].
Observation 9:	Sensing modes a. and c. may require a different modeling methodology than that specified in Section 7 of [2].
Observation 10:	Defining the RCS of all target types for all incident and scattered angle tuples  is not feasible within the scope of Rel-19 ISAC channel model study.
Observation 11:	Modeling target RCS as a scalar, invariant to angle of incidence/scattering on a target is overly simplistic for 3GPP channel modeling.
Observation 12:	Stochastic approaches to modeling RCS may provide a tradeoff between computation complexity and empirical validity but my increase model variance and hinder calibration efforts.
Additionally, the following proposals are made regarding use cases and scenarios for ISAC channel modeling:
Proposal 1:	Stochastic modeling of the target channel should include at least propagation clusters related to stochastic clutter.
Proposal 2:	A list of which environment objects that might have deterministic impact on signal propagation for sensing must be agreed before further study on whether/how the deterministic impact may be modeled.
· FFS: maximum number of environmental objects that may be included

Proposal 3:	If deterministic environment objects are included in sensing channel modeling, they should be limited to target-like objects such as pedestrians, automobiles, etc.
Proposal 4:	Further study the modeling of deterministic ground bounce as part of small-scale parameters for target channel dependent on sensing transmitter, sensing receiver, and target altitude.
Proposal 5:	Consider modeling multi-path components of  and  jointly based on apparent composite channel observed at sensing receiver.
Proposal 6:	Further study the necessary large- and small-scale modifications necessary to model sensing modes a.-d.
Proposal 7:	Consider whether self-interference should be modeled for sensing modes a. and c.
Proposal 8:	If concatenated channel model is used for , RCS modeling should consider tradeoff between model complexity and empirical validity.
Proposal 9: Variation in RCS should be reflected in small scale parameters of concatenated channel model.
Proposal 10: If multi-point scattering models are used for modeling targets in a concatenated target channel model, specify a one-to-many and many-to-one mapping rule for matching unequal numbers of clusters generated by each component channel.
	
References
[1] [bookmark: _Hlk146225683]RP-234069	New SID: Study on channel modelling for Integrated Sensing and Communication (ISAC) for NR
[2] TR 38.901	Study on channel model for frequencies from 0.5 to 100 GHz
[3] TR 22.381	Service requirements for Integrated Sensing and Communication
[4] R1-2400648	Discussion on ISAC deployment scenarios	Nokia, Nokia Shanghai Bell
[5] R1-2401496	Summary #3 on ISAC channel modeling	Moderator (Xiaomi)
image1.png
Curreat 5G-Advanced network design focuses primarily on data transmission, and the radio channel model defined to
cover frequencies up to 100GHz was developed with this in mind. Although RAT-based positioning s supported, the
specifications do not offer the in-bult capability to detect objects not connected to the nefwork.

If sensing capability i integrated into the design of the system, sensing may be offered as a service alongside
communications.

‘TR22.837 identifies a very wide range of use cases for such integrated sensing

Itis therefore important to establish  sofid channel modelling framework to enable evaluation of sensing techniques for
such use cases. The existing models in TR38.901 are not designed for sensing, in, they do not address target
‘modelting and sensing, and background environment modelling and differentiation from targets. Both radar cross-

section (RCS) and mobility of targets and other objects in the environment need to be modelled, and the model must be
spatially consistent.

This study addresses these gaps in the channel model in 38.901 to enable evaluation of sensing techniques.
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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
e 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
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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 ) .    
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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|
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