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1 Introduction

The Rel-19 study item on “Study on channel modelling for integrated sensing and communications (ISAC) for NR” is endorsed in RAN#103. The objectives for this SI are shown below [1]:

	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.



The following agreements were made in RAN1#116 on the basic structure of the channel model which need to be elaborated further.
	[bookmark: _Hlk160045944]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 HISAC can be revised later if needed




Further agreements are made in RAN1#116bis. In this contribution, we are providing further views on ISAC channel modelling based on discussion so far.

2 ISAC Channel Model Discussion
In the RAN1# 116-bis meeting, the following agreement has been made on the modelling of the environment object (EO).
	Agreement
EO is a non-target object with known location.
· FFS other known parameters of the EO
· FFS details on EO modeling
The following options for EO modeling are considered for further study
· Option 1: EO is modelled different from a sensing target
· Applicable at least for an EO having extremely large size (referred as EO type-2 for discussion purpose)
· FFS modeled similar to section 7.6.8 ground reflection in TR 38.901
· FFS EO modeling impacts the target channel and/or the background channel
· Option 2: EO is modeled same/similar as a sensing target
· Applicable for an EO having comparable physical characteristics as a sensing target, (referred as EO type-1 for discussion purpose)
· FFS Applicable for EO type-2
· FFS EO modeling impacts the target channel and/or the background channel
· Option 3: EO is modeled and its location is determined from a stochastic clutter generated following the cluster generation in TR 38.901
· FFS details
· Option 4: EO is not modelled
· Other options are not precluded
· Note: it is not precluded that multiple options can be supported in the channel modelling





The background channel consists of unintended target objects apart from the target object. This may include environment object (EO) and/or clutter. The background channel may create one or more outlier multipath while detecting the target object. These outliers may or may not carry information about the target object. From a sensing point of view the important factor is that the realized paths should carry the information about the location of the intended target object. Modeling other paths are not relevant to the sensing channel model point of view. Therefore, such path need not to be considered. This will reduce the unnecessary complexity of the channel modeling. EO is an important factor in the sensing environment to avoid the miss detection and miss interpretation of the Target as well as to create the signature of the environment of the interest. Therefore, it should be modeled in the channel modeled. On the other hand, multiple hop paths including Tx-Target-EO-Rx or Tx-EO-Target-Rx though carries information, may be difficult to extract the target information from such paths and may depends on the scenario and use cases dependent. Therefore, EO modeling should not be mandatory in all the scenarios. Further modeling the EO as background clutter will not carry any information of the target. This will introduce unnecessary complexity with no definite gain towards the sensing performance. So modeling EO as stochastic clutter is not necessary.   EO is expected to be of two kinds 1) Similar like Target in size, shape and material properties, other 2) A large environmental objects like ground, wall, building, factory machine etc. Both types of objects need to be considered. From the last meeting agreement, option 1 and option 2 consider the EO as large objects and similar to the target respectively. Therefore option 1 and option 2 should be perceived in the study whereas option 3 and option 4 should be down prioritized. Option 3 need further deliberation on importance against justifying the underline complexity in modeling.

Observation 1: EO modeling is important from sensing performance point of view and should be modelled. EO should interact with target object and should carry resolvable information about target.

Proposal 1: For EO modeling option 1 and option 2 should be considered for further study, while option 3 should be down prioritized.

In the RAN1 # 116-bis meeting, the following agreement has been made on the modelling of the target channel.
	Agreement
The following options are considered for further study to model the target channel for a target
· Option 1: modelled by concatenation of path(s) from Tx to target and from target to Rx.
· Option 2: modelled by Tx-to-Rx path(s) satisfying Tx-target-Rx geometry.
· Option 3: combination of Option 1 and Option 2



The small-scale fading of the target channel requires a modification in the existing TR 38.901. The sensing target link can be modelled with two basic methods concatenation/segmented based modelling or non-concatenation/non-segmented based modelling [2]. Regarding modelling of the target channel, we support option 1, i.e. concatenation-based modelling. In this modelling, the Tx-target link and Target-Rx link are modelled separately. Finally, the two segments are cascaded to form a complete channel. 
In concatenation-based modelling, each segment of the channel characteristics is considered with the impact of a clutter. As a result, concatenation-based modelling gives a more realistic representation of the channel conditions. Moreover, in this modelling, the rays of LOS and NLOS clusters of the Tx-target link and Target-Rx link can be coupled either 1-by-1 randomly coupled or fully coupled.

Observation 2: Concatenation-based modelling gives a more realistic representation of the channel.

Proposal 2: For modeling the target channel, support option 1 i.e target channel is modelled by concatenation of path(s) from Tx to target and from target to Rx.

In the RAN1 # 116-bis meeting, the following agreement has been made on the RCS of a target when the target is modelled with a single scattering point.

	Agreement
If a target is modelled with a 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



Radar cross-section (RCS) also called radar signature, is a measure of how detectable an object is by radar. A larger RCS indicates that an object is more easily detected. Regarding the RCS modelling of a target, it is common understanding that the RCS of a target is not fixed. Because the RCS of a target is influenced by many factors such as incident and reflected angles of signals, the size, material and shape of the target, etc. So, modelling of RCS with fixed value is not an accurate representation of a target. Hence, we support option 1 in RCS modelling if the target is modelled with a single scattering point. That is the RCS of a target is modelled with a certain statistical distribution. Generally, the Swerling model is a commonly used model in radar systems to model the target RCS dynamic fluctuation.

Observation 3: The RCS of a target depends on many factors.  So, modelling of RCS with fixed value is not an accurate representation of a target.

Proposal 3: For RCS modeling of the target object, support option 1, i.e. modelling RCS of a target with random value.

3 Conclusion
This contribution provides the following observations and proposals for ISAC channel modelling. 

Observation 1: EO modeling is important from sensing performance point of view and should be modelled. EO should interact with target object and should carry resolvable information about target.
Proposal 1: For EO modeling option 1 and option 2 should be considered for further study, while option 3 should be down prioritized.
Observation 2: Concatenation-based modelling gives a more realistic representation of the channel.
Proposal 2: For modeling the target channel, support option 1 i.e target channel is modelled by concatenation of path(s) from Tx to target and from target to Rx.
Observation 3: The RCS of a target depends on many factors.  So, modelling of RCS with fixed value is not an accurate representation of a target. 
Proposal 3: For RCS modeling of the target object, support option 1, i.e. modelling RCS of a target with random value.
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