


3GPP TSG RAN WG1 #117			R1-2405055
Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024

Agenda item:	9.7.2
Source:	NTT DOCOMO, INC.
Title:	Discussion on ISAC Channel Modelling
Document for:	Discussion and Decision


1. Introduction
In RAN1#116-bis meeting, several agreements on channel modelling methodology for Integrated Sensing and Communication (ISAC) are endorsed in the [1]. Besides that, the detail discussion also is captured in the [2].  In this contribution, we provide our views and discussions on ISAC channel model.

2. Discussion
2.1. Methodologies
2.1.1.  Impact to / from communications
In RAN1#116-bis meeting, regarding to impact to/from communications, there is one discussion point regarding to the down-selection between “The ISAC channel model should support the evaluation of sensing and communication” and “The study item prioritizes the discussion on defining an ISAC channel model to enable sensing evaluation” as below [2]:
	Discussion point
· The ISAC channel model should support the evaluation of sensing and communication.
· The study item prioritizes the discussion on defining an ISAC channel model to enable sensing evaluation



We agree with “The ISAC channel model should support the evaluation of sensing and communication”. Moreover, the evaluation of sensing and communication should be treated equally, e.g., the ISAC channel model should support the impact from ISAC to communication and vice versa.
[bookmark: _Ref163226709]Proposal 1:  The ISAC channel model should support both sensing evaluation and communication evaluation.

2.1.2.  Stochastic model vs. ray-tracing model
In RAN1#116-bis meeting, regarding to stochastic channel model vs. ray-tracing channel model, there are two discussion points as below [2]:
	[bookmark: _Hlk159789157]Discussion point
· The geometry-based stochastic channel model in section 7, TR 38.901 is enhanced to support ISAC evaluations.
· FFS whether/how to support an alternative ISAC channel model based on [ray tracing/hybrid channel model].



Basically, in order to reduce complexity or computation cost of the simulation, ISAC channel model should be based on the geometry based stochastic channel model in TR 38.901 which can be realized by a reasonable complexity/computation cost. In addition, in some cases of requiring high accuracy for detection and tracking such as capture of human body movements, identification of target attributes (human-adult/human-child, car/truck) etc., the map-based hybrid channel model also is necessary. Therefore, we also support an optional ISAC channel model based on ray tracing/hybrid channel model.
Proposal 2:  
· The geometry-based stochastic channel model in section 7, TR 38.901 is enhanced to support ISAC evaluations.
· Channel model based on ray tracing/hybrid can be further studied as optional model for ISAC evaluation.

2.2. Common ISAC channel model
2.2.1.  Components of target channel
In RAN1#116-bis meeting [1], one of agreements on components of target channel is endorsed as below:
	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



In order to take account of accuracy of sensing, EO should be modelled with explicit modelling corresponding with option 1 or 2 or combination of them. Moreover, in some cases, for simplicity, only one option of option 1 or 2 should be chosen. In those cases, considering the impact of EO type-2 with extremely large size to ISAC channel is larger than those of EO type-1, the option 1 can become high priority. Therefore, for each option, it should be studied further about deployment scenarios with its requirements.
Observation 1: Each option for EO modeling in target channel should be studied further about deployment scenarios with its requirements.

2.2.2.  Components of background channel
In RAN1#116-bis meeting [2], regarding to modelling of stochastic clutter or EO in the background channel, one discussion point was discussed as below:
	Discussion point:
· Stochastic clutters following the cluster generation in TR 38.901 are modeled in the background channel. 
· EO can be optionally modelled in the background channel.
· EO can be disabled for some deployment scenarios. FFS which deployment scenarios
· FFS details on EO modeling



For stochastic clutter, we support “stochastic clutters following the cluster generation in TR 38.901 are modeled in the background channel” in cases of TRP-UE bistatic or UE-UE monostatic. However, cluster generation in TR 38.901 still does not support TRP bistatic or monostatic cases, so it needs to be studied further.
Proposal 3: Cluster generation in TR 38.901 is enhanced to model stochastic clutters.

2.3. Sensing target modelling
2.3.1. Single point vs. multiple points for a target
In RAN1#116-bis meeting, an agreement on modelling sensing target with single or multiple points is endorsed as below [1]:
	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



For the cases of detection targets with long distances from Tx/Rx, single scattering point model is simple and adequate. For the other cases such as short distances from Tx/Rx, large size of target, detection and tracking target with high accuracy etc., multiple scattering points model is appropriate. In reality, for an example case of Tx-target-Rx link with one bounce scattering, the scattering of the target raises a cluster in the spatial-time channel impulse respond of Tx-target-Rx channel. Therefore, depending on parameters which relate to spatial-resolution and time-resolution such as distances between target and Tx/Rx, size/shape of target, half-power beamwidth of antennas, system bandwidth etc., the spatial-time cluster includes one ray or multiple rays.
We assume that, distances between target and Tx/Rx, maximum width or length of target, half-power beamwidth of Tx/ Rx antennas, system bandwidth, speed of light, are [m], [m], [m], [rad],  [rad], B[Hz], c[m/s], respectively. The conditions for the spatial-time cluster raising by the target includes only one ray, corresponding with criteria of choosing single scattering point or multiple scattering points, are define as below:
                                    (1)
                                                                                                            (2)
Proposal 4: Criteria of choosing single or multiple scattering points for the target can be referred as below:

In the case of modelling with multiple scattering points, for simplicity and practicality, the maximum number of scattering points can be referred as number of rays per cluster in TR 38.901. 
Proposal 5: In the case of modelling with multiple scattering points, the maximum number of scattering points can be referred as number of rays per cluster in TR 38.901. 

2.3.2. RCS modelling
In RAN1#116-bis meeting, several agreements on RCS modelling are endorsed as below [1]:
	Agreement 1
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 2
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




As mentioned in section 2.3.1, in reality, modelling of target with sing scattering point or multiple scattering points depends on not only distances between target and Tx/Rx, size/shape of target, half-power beamwidth of antennas, but also system bandwidth. It means that, RCS of a physical object also depends on the system bandwidth. Therefore, system bandwidth should be added to be a factor affecting RCS.
Proposal 6: The phrase “FFS system bandwidth” should be added to be a factor affecting RCS of a physical object.
	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 system bandwidth
· FFS whether/how to model the above factors in the CR, e.g. with an RCS model with a scattering point



About the phrase of “FFS the factor(s)” in the above agreement 2, for simplicity and practicality, the factors should be frequency and type of sensing targets (human-adult, human-child, car, truck, etc.)
Proposal 7: The phrase of “FFS the factor(s)” relating to RCS should be revised as “FFS the factors such as frequency, type of sensing targets.
	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 factors such as frequency, type of sensing targets.
· 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 factors such as frequency, type of sensing targets.
· 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



2.4. Slow fading modelling
2.4.1. Shadow fading
In RAN1#116-bis meeting, some agreements on target channel are endorsed as below [1]:
	Agreement 1
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

Agreement 2
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



For shadow fading, there are some defined cases (1 - 4) and scenarios (UMa, UMi, Uma-AV, Umi-AV, Highway, Urban grid, etc.), so the existing shadow fading model in TR 38.901, TR 36.777, TR 37.885 can be used for target channel. Moreover, for each case of Tx-target and target-Rx conditions, there are two shadow fading values  and , so the total shadow fading value  can be defined as below:
Option 1:  = 
Option 2:  = 
Proposal 8:  The existing shadow fading model in TR 38.901. TR 36.777, TR 37.885 can be used.
Proposal 9:  The total shadow fading value  of the target channel can be defined by using shadow fading values  and of Tx-target and target-Rx links as below:
· Option 1:  = 
· Option 2:  = 

3. Conclusion
In this contribution, we provided our views and discussions on the ISAC channel modelling. The following observations and proposals are made:
Observation 1: Each option for EO modeling in target channel should be studied further about deployment scenarios with its requirements.
Proposal 1:  The ISAC channel model should support both sensing evaluation and communication evaluation.
Proposal 2:  
· The geometry-based stochastic channel model in section 7, TR 38.901 is enhanced to support ISAC evaluations.
· Channel model based on ray tracing/hybrid can be further studied as optional model for ISAC evaluation.
Proposal 3: Cluster generation in TR 38.901 is enhanced to model stochastic clutters.
Proposal 4: Criteria of choosing single or multiple scattering points for the target can be referred as below:

Proposal 5: In the case of modelling with multiple scattering points, the maximum number of scattering points can be referred as number of rays per cluster in TR 38.901. 
Proposal 6: The phrase “FFS system bandwidth” should be added to be a factor affecting RCS of a physical object.
Proposal 7: The phrase of “FFS the factor(s)” relating to RCS should be revised as “FFS the factors such as frequency, type of sensing targets.
Proposal 8:  The existing shadow fading model in TR 38.901. TR 36.777, TR 37.885 can be used.
Proposal 9:  The total shadow fading value  of the target channel can be defined by using shadow fading values  and of Tx-target and target-Rx links as below:
· Option 1:  = 
· Option 2:  = 
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