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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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Discussion
The channel model report, TR 38.901 provides a methodology for modelling the channel in both link level and system level evaluations.  Likewise, a separate methodology will be necessary to consider when evaluating solutions at either the link or system level.  Currently, there has been no detailed study on the suitability of legacy 3GPP waveforms and signals for operations as a part of 5G.  As such, there are still several questions that need to be answered regarding what type of performance 5G services can provide at the link level before larger questions such as coverage and availability can be studied.  For this reason, the channel modelling study in Rel-19 should prioritize the modelling methodology for link level evaluation before system level channel modelling is performed.  
Proposal 1:	Prioritize the development of link level channel model methodology for over system level channel model.
Additionally, it is necessary to prioritize the modelling of different sensing architectures, given the large number of sensing architectures discussed, and the limited ability to study and measure each of the proposed architectures. While the channel modelling study is expected to provide a useable framework for both 5G and 6G solutions, it is important to consider viable sensing architectures within a 5G network architecture as a priority for initial study, since questions about 6G network architecture, spectrum, bandwidth, and radio capabilities have not yet been answered.  For this reason, UL and DL bistatic sensing architectures should be highly prioritized, as the communications Uu interface is well defined for NR, and UE capabilities are well understood in this context.  Additionally, monostatic network-based architectures can be prioritized as they can leverage the more sophisticated radio hardware available to NR TRPs, and operations can be performed without significant increase in network overhead for either RRC or measurement reporting.  Monostatic UE-based operation is likely not a viable NR solution as UE hardware may need to rely on support of full-duplex operation, and the limited channel bandwidth available to NR UEs may limit operation performance.  Likewise, UE-to-UE bistatic operation will also likely not be viable due to these same limitations in UE hardware expected for monostatic operation, but with the added challenges of a limited functional interface between UEs to coordinate resources and network overhead for operations. 
Proposal 2:	Monostatic network-based sensing models and DL and UL bistatic sensing models are prioritized over monostatic UE-based sensing models and UE-to-UE bistatic sensing models.  
When considering how to model the propagation environment for operations it is necessary to differentiate the set of MPCs which are incident on the target and those which are received only via interaction with the background environment, and therefore not relevant to the detection and tracking of a target.  For this purpose, unlike in communications channel modelling, the channel model for operations should consist of separate component channel models for both the target and the background environment as illustrated in Figure 1. To clarify the description of the channel model, the set of all MPCs that interact with a target should be referred to as the target component channel model.  All MPCs that do not interact with a target should be referred to as the clutter component channel.
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[bookmark: _Ref158026504]Figure 1: Component channel models for propagation in both bistatic and monostatic sensing architectures
In our contribution on channel modeling scenarios we define the following terminology:
· Sensing signal: A reference signal or synchronization signal (e.g., UE or gNB) which is transmitted or received as part of an ISAC sensing operation
· ISAC sounder: A RAN entity (e.g., UE or gNB) which transmits a sensing signal to be measured for an ISAC sensing operation
· ISAC sensor: A RAN entity (e.g., UE or TRP) which receives a sensing signal to be measured for an ISAC sensing operation

Consistent with these definitions, we propose the following:
Proposal 3:	Target component channel model defines the set of all multi-path propagation components between the sounder and the sensor that interact, i.e. reflection, refraction, scattering with an ISAC target.
· FFS single-point vs. multi-point modeling of target

Proposal 4:	Clutter component channel model defines the set of all multi-path propagation components between the sounder and the sensor that do not interact, i.e. reflection, refraction, scattering with an ISAC target.
As all MPCs in the channel model either interacting with the target or not interacting with the target, the entire channel model can be straightforwardly characterized as the linear superposition of the target and clutter component channel modes.
Proposal 5:	ISAC channel is modeled as the linear superposition of the target and clutter component channel models.
As the focus of this study is on the integration of sensing and communications operations, effort should be made to ensure that both communications and sensing solutions are being evaluated as a consistent framework.  Since this is the case, the expectation should be that modelling of aggregate signal propagation should not be dependent on whether a sensing or communication operation is being performed.  For this reason, effort should be made to align the channel modelling methodology with the legacy communication channel modelling methodology when applicable, such as in the case where an Ui interface signal or data transmission is coincident with an UL or DL bistatic sensing operation between the same two nodes.
Proposal 6:	Prioritize alignment of channel model methodology with legacy communication when applicable, e.g. UL and DL bistatic models.

When designing the channel modelling methodology for ISAC in 3GPP, several approaches different from the legacy modelling approach may be considered with relevant trade-offs. The importance of providing a spatially consistent model of both target and clutter mobility in ISAC operations may lead to the conclusion that a physics based approached to modelling radio propagation is preferred over a statistical approach. Electromagnetic ray tracing (ERT)-based approaches may provide a more suitable method for tracking the evolution of a propagation channel whose behavior correlates with motion of not only the ISAC sounder, sensor and target, but also relevant clutter features such as cars and/or pedestrians as well.  ERT-based approaches to channel modeling have offered mixed results when calibrated against channel measurements and may create large variance in channel realization when subject to subtle changes in the parametric modeling of the environment. Additionally, an ERT-based approach would be significantly different from the legacy channel model, and therefore would make it difficult to align similarly observed channels between communications and sensing operations.
Alternatively, a MAP-based hybrid approach like that described in Section 8 of TR 38.901 may be, leverage both a deterministic model of the propagation environment, couple with a statistical model to capture fading and channel variability more reliably.  While this approach may provide a model more parsimonious with legacy communications modeling, it is likely to have increase computational complexity which can slow study efforts and increase channel modeling variance which may make it difficult to calibrate evaluations among 3GPP stakeholders.  For this reason, the statistical cluster-based modeling approach as described in Section 7 of TR 38.901 should be prioritized.
Proposal 7:	Prioritize cluster-based channel modelling like legacy model from TR 38.901 over ERT and hybrid-MAP-based channel modelling techniques.
In using this statistical cluster-based approach to channel modeling, as previously noted, the expectation is that channel modeling for the target component model and the clutter component model are expected to be considered at least separately if not entirely uncorrelated.  For this reason, the relevant features of each component channel including large scale channel parameters and independent cluster parameters should be handled separately for both component channel models.
Proposal 8:	Large scale channel model parameters such as number of clusters, large scale channel parameters, and independent cluster parameters should be dependent on sensing model, i.e. monostatic or bistatic.
It should be noted that a significant portion of the effort in this Rel-19 study will be expected to be related to the modeling of the target component channel model, as this aspect of radio propagation has not been studied previously in 3GPP, and accurate modeling of signal interactions with the target will be most critical in providing reliable estimates of achievable 3GPP sensing performance.  The relevant mapping of channel modeling parameters to target model parameters cannot begin until a more thorough discussion of the relevant targets including level of detail in target features are considered. Clutter modeling for the monostatic case requires a new formulation as monostatic scatter properties of the environment cannot be inferred from the existing TR 38.901 model.
Observation 1:	Target component channel model can be studied in more detail after progress is made on relevant target model parameters including suitable value ranges and resolutions.
In modeling the clutter channel many of the scenarios and use cases currently described in TR 38.901 are directly applicable to modeling ISAC channel components.  In particular, the clutter model for UL and DL bistatic sensing channels should be identical to UL and DL communications channels. For that reason, at least for UL and DL bistatic channels, the link level methodology described in Section 7.7 of TR 38.901 should be considered as the baseline for modeling clutter channels.
Proposal 9:	Method for link level simulation including CDL cluster parameters described in TR 38.901 should be used as baseline for the clutter channel model component at least for bistatic channel models.
Likewise when considering the methodology for system level analysis a similar assumption can be made.  
Proposal 10:	Method for fast fading channel model including large scale parameter configuration and independent cluster parameters described in TR 38.901 should be used as baseline for the clutter channel model component at least for bistatic channel models.


Conclusion
In this contribution, we make the following observation regarding ISAC channel modeling: 
Observation 1:	Target component channel model can be studied in more detail after progress is made on relevant target model parameters including suitable value ranges and resolutions.
Additionally, the following proposals are made regarding ISAC channel modeling:  
Proposal 1:	Prioritize the development of link level channel model methodology for over system level channel model.
Proposal 2:	Monostatic network-based sensing models and DL and UL bistatic sensing models are prioritized over monostatic UE-based sensing models and UE-to-UE bistatic sensing models.  
Proposal 3:	Target component channel model defines the set of all multi-path propagation components between the sounder and the sensor that interact, i.e. reflection, refraction, scattering with an ISAC target.
· FFS single-point vs. multi-point modeling of target
Proposal 4:	Clutter component channel model defines the set of all multi-path propagation components between the sounder and the sensor that do not interact, i.e. reflection, refraction, scattering with an ISAC target.
Proposal 5:	ISAC channel is modeled as the linear superposition of the target and clutter component channel models.
Proposal 6:	Prioritize alignment of channel model methodology with legacy communication when applicable, e.g. UL and DL bistatic models.
Proposal 7:	Prioritize cluster-based channel modelling like legacy model from TR 38.901 over ERT and hybrid-MAP-based channel modelling techniques.
Proposal 8:	Large scale channel model parameters such as number of clusters, large scale channel parameters, and independent cluster parameters should be dependent on sensing model, i.e. monostatic or bistatic.
Proposal 9:	Method for link level simulation including CDL cluster parameters described in TR 38.901 should be used as baseline for the clutter channel model component at least for bistatic channel models.
Proposal 10:	Method for fast fading channel model including large scale parameter configuration and independent cluster parameters described in TR 38.901 should be used as baseline for the clutter channel model component at least for bistatic channel models.
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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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