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Highlight on some key issues for RAN1#117
Based on the progress in RAN1 #116bis, the following priority order could be considered in RAN1 #117 meeting
1) Details on concatenation or non-concatenation in target channel modelling 
· Detail options on modelling EO
· Detail options on modelling stochastic clutter
2) Details on RCS
· RCS definition
· Detail options on RCS modelling (random vs. deterministic, large scale vs. small scale)
3) Considerations on background channel
· Modelled by EO and/or stochastic clutter?
· Views on background channel modelling for TRP-TRP or UE-UE bistatic/monostatic sensing mode
4) How to combine the target channel and the background channel, e.g., potential power normalization?
5) Details to model target with multiple scattering points

Introduction
In RAN #102, a study item on channel modeling for Integrated Sensing and Communication (ISAC) was agreed. Then, the SID is updated at RAN #103 which doesn’t change the objectives [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.

It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.



This document summarizes the contributions and discussions on ISAC channel modeling in RAN1 #116bis meeting. The Proposals in this document are tagged and color coded with High Priority, Medium Priority or Low Priority. The latest proposals for all the open issues are further marked with ‘[ACTIVE]’. 
The following email thread is assigned for discussion of the study item (agenda 9.7):
[116bis-R19-ISAC] Email discussion on Rel-19 ISAC channel model – xiaomi (Yingyang)
· To be used for sharing updates on online/offline schedule, details on what is to be discussed in online/offline sessions, tdoc number of the moderator summary for online session, etc
Proposed online proposals
4/16 (Tuesday)
[High] Proposal 5.1-2c: 
Option 1
· As a common framework for ISAC channel model, the following cases to model LOS ray(s) or NLOS ray(s) in the Tx-target link and target-Rx link of the target channel of a target are considered

	Case
	Tx-target link
	Target-Rx link
	

	1
	LOS condition
	LOS condition
	Supported 

	2
	LOS condition
	NLOS condition
	Supported

	3
	NLOS condition
	LOS condition
	Supported

	4
	NLOS condition
	NLOS condition
	FFS



· In LOS condition, LOS ray(s) shall be modelled, NLOS ray(s) can be modelled or disabled 
· FFS which deployment scenarios to model and which scenarios to disable
· In NLOS condition, NLOS ray(s) shall be modelled
· FFS how to determined LOS condition and NLOS condition
· FFS: NLOS ray(s) are modeled by stochastic clutter and/or environment object (EO)
· FFS maximum number of bounces from Tx to Rx, e.g., 2 or 3 or more
· Note: For discussion purpose, one stochastic clutter/environment object is considered as one bounce
· LOS ray: line of sight ray between Tx/Rx and target
· NLOS ray(s): non- line of sight ray between Tx/Rx and target

Option 2
As a common framework of ISAC channel model, the Tx-Rx channel response is modelled from observation of sensing Rx only, as following: 
- Step-1: Use existing 38.901 model to generate a set (assumed as set Z) of channel clusters between sensing Tx and sensing Rx.  [This may also be a channel for zero-target case]
- Step-2: Any multipath that travels from Tx to Rx and only through deterministic-locating target[/EOs (if modeled)] is determined based on the deterministic Tx/Target[/EO]/Rx geometry. Assume all these deterministic paths construct a set A. For each path in set A,  remove one channel cluster in set Z with closest cluster delay. 
- Step-3: For each target (denoted as Targetx), choose a subset of channel clusters in set Z that have cluster delays longer than Tx-Targetx-Rx LOS delay, and apply necessary updates to these clusters’ parameters (e.g. angles) based on a statistic modeling, Tx/Targetx/Rx geometry and (if necessary) the LOS probabilities over Tx-Targetx link and Targetx-Rx link. Move this subset of channel clusters from set Z to set A. Do this for all targets. Now cluster set A can be used as a base to model Htarget.
- Step-4: Any remaining channel clusters in set Z (including a potential LOS ray between Tx and Rx) are used to model Hbackground. 
o  Any multipath that travels from Tx to Rx and only through deterministic-locating EO (if modeled) is determined based on the deterministic geometry of Tx/EO/Rx, and is added to set Z and replaces one cluster in set Z with closest cluster delay.
Note1: All non-deterministic multipaths in Htarget + Hbackground maybe further subject to cluster power normalization which counts all deterministic multipaths but does not change the cluster powers of these deterministic multipaths.
Note2: Depending on number of targets in a single Tx-Rx geometry, the total number of deterministic multipaths generated in Step-2 and Step-4 may exceed the total number of clusters generated by existing 38.901 in Step-1. This is the consequence of too many deterministic modeling objects that destroys the scenario characteristics. The remedy is either to limit the number of targets or to intentionally increase the total number of clusters in Step-1.


[High] Proposal 6.1-1a: 
· In the target channel between Tx and Rx, a sensing target can be modelled with single scattering point  or multiple scattering points 
· FFS one or multiple pairs of 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.
· FFS details to model the multiple scattering points


[High] Proposal 6.2-1b: 
· RCS of a scattering point shows dependency to at least the following factors: 
· The material of the object
· Orientation of the object
· the incident angle and scatter angle
· the carrier frequency
· FFS The size of the object
· FFS The shape of the object
· FFS Distance between Tx/Rx and the object
· FFS polarization of the transmitter and receiver
· FFS Temporal or spatial consistency
· FFS antenna pattern

4/17 (Wednesday)
[High] Proposal 5.1-2e:
· 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

[High] Proposal 6.1-1a: 
· In the target channel between Tx and Rx, a sensing target can be modelled with single scattering point  or multiple scattering points 
· FFS one or multiple pairs of 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 multiple scattering points

[High] Proposal 6.2-1c: 
· RCS of a scattering point 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
· 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 how to capture the above factors in the CR


[Medium] Proposal 6.2-3b: 
· The following options to model RCS of a target with single scattering point are considered for further discussion. 
· Option 1: Random RCS value generated by a distribution, depending on certain parameters of the target defined by Proposal 6.2-1b. 
· FFS the distribution. 
· FFS the parameters of the target 
· Option 2: Deterministic RCS value is defined by a function or a table, depending on certain parameters of the target defined by Proposal 6.2-1b 
· Note: Constant RCS for a target type can be a special case of Option 2
· FFS the parameters of the target
· Option 3: combination Option 1 & 2, e.g., RCS value is generated by combining a deterministic component and a randomly generated component.
· FFS which option is supported for RCS in large scale or RCS in small scale
· FFS target with multiple scattering points


4/18 (Thursday)
[High] Proposal 5.1-1a for conclusion: 
Based on the agreement for agenda 9.7.2 made in RAN1#116, the following definitions are clarified for the discussion purpose. 
· Environment object (EO): A non-target object with known physical characteristics, e.g., location. Or, in other words, EO is a deterministic non-target object.
· An EO may have comparable shape/size as a sensing target, e.g., human, vehicle, UAV, AGV, etc. (referred as EO type-1)
· An EO may have extremely large size, e.g., a wall, building, ground, etc. (referred as EO type-2)
· Stochastic clutter: non-target objects (scatters) that are which are not deterministically known, and can be modelled as cluster generation in TR 38.901.  
· Note: The above definition doesn’t imply anything on possible agreement on whether/how to model EO or stochastic clutter in target channel and/or background channel
· Note: EO is used to represent unintended object from SID

[High] Proposal 5.1-5b: 
The following options for EO modeling are identified for further study if EO is modeled
· Option 1: EO is modeled in the same way as a sensing target or a simplified version of sensing target 
· Applicable for EO type-1 (e.g., human, vehicle, UAV, AGV, etc.)
· FFS Applicable for EO type-2 (e.g., a wall, building, ground, etc.)
· Option 2: EO is modelled different from a sensing target, 
· Applicable for EO type-2 (e.g., a wall, building, ground, etc.)
· FFS how is EO modeled, e.g., similar to section 7.6.8 ground reflection in TR 38.901
· Option 3: EO location is determined from a stochastic clutter generated following the cluster generation in TR 38.901
· Note: it is not precluded that multiple options can be supported in the channel modelling

[Medium] Proposal 6.2-3c:
· The following options to model RCS of a target with single scattering point are considered for further discussion. 
· Option 1: Random RCS value generated by a statistic distribution, depending on the factor(s) having impacts on the RCS modelling. 
· FFS the distribution. 
· FFS the parameters of the target 
· Option 2: Deterministic RCS value is defined by a function 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 parameters of the target
· Option 3: combination 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

4/19 (Friday)
[High] Proposal 5.1-5c:
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 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

[High] Proposal 5.1-2-1c:
· The following options are considered 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 example, Option 1 to model LOS ray(s) from Tx to target and from target to Rx, and option 2 for other paths

[Medium] Proposal 6.2-3c:
· The following options to model RCS of a target with single scattering point are considered for further discussion. 
· Option 1: Random RCS value generated by a statistic distribution, depending on the factor(s) having impacts on the RCS modelling. 
· FFS the distribution. 
· FFS the parameters of the target 
· Option 2: Deterministic RCS value is defined by a function 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 parameters of the target
· Option 3: combination 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

Proposed offline proposals
4/15 (Monday)

After the offline session, the following proposals are made. 
[High] Proposal 5.1-2c:
Option 1
· As a common framework for ISAC channel model, the following cases to model LOS ray(s) or NLOS ray(s)NLOS paths in the Tx-target link and target-Rx link of the target channel of a target are considered

	Case
	Tx-target link
	Target-Rx link
	

	1
	LOS condition
	LOS condition
	Supported 

	2
	LOS condition
	NLOS condition
	Supported

	3
	NLOS condition
	LOS condition
	Supported

	4
	NLOS condition
	NLOS condition
	FFS



· In LOS condition, LOS ray(s) shall be modelled, NLOS ray(s)NLOS paths can be modelled or disabled 
· FFS which deployment scenarios to model and which scenarios to disable
· In NLOS condition, NLOS ray(s)NLOS paths shall be modelled
· FFS how to determined LOS condition and NLOS condition
· FFS: NLOS paths are modeled by stochastic clutter and/or environment object (EO)
· FFS maximum number of bounces from Tx to Rx, e.g., 2 or 3 or more
· Note: For discussion purpose, one stochastic clutter/environment object is considered as one bounce
· LOS ray: line of sight ray between Tx/Rx and tarrget
· NLOS ray(s): non- line of sight ray between Tx/Rx and tarrget

Option 2
· As a common framework for ISAC channel model, NLOS paths in target channel are modelled based on observation of sensing receiver only by choosing a set of channel clusters in the existing TR 38.901 generated Tx-Rx channel whose cluster delay are longer than the Tx-target-Rx delay and applying necessary update to the cluster parameters based on stochastic modelling and Tx/target/Rx geometry. 



[High] Proposal 6.1-1a
· In the target channel between Tx and Rx, A a sensing target can be modelled with single scattering point  one or multiple scattering points scatters
· FFS one or multiple pairs of incoming/output rays corresponding to a scattering point
· FFS how to apply select the single or multiple scattering points scattersfor the target, e.g. depending on the distance between target and Tx/Rx, size/shape of target, etc.
· FFS details to model the multiple scattering points
 

[High] Proposal 6.2-1b 
·  RCS of an objecta scattering point can be modelledshows dependency to considering at least the following factors: 
· FFS The size of the object
· The material of the object
· FFS 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
· FFS polarization of the transmitter and receiver
· FFS Temporal or spatial consistency
· FFS antenna pattern


4/16 (Tuesday)
After the offline session, the following proposals are made, which are renamed as 5.1-2e, 6.2-3b.
[High] Proposal 5.1-2d -rev1: 
· 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 applicable considered for bistatic sensing mode
· At least Case 1/4 can be considered applicable for monostatic sensing mode
· 
· Case 1/2/3 will be prioritized in the channel modelling
· 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

[Medium] Proposal 6.2-3a rev1: 
· The following options to model RCS of a target with single scattering point in large scale are considered for further discussion. 
· Option 1: Random RCS value generated by a random distribution, depending on certain parameters of the target. FFS the distribution. FFS the parameters
· Option 2: Exact Deterministic RCS value pattern is defined by a function or a table, depending on certain parameters of the target 
· Option 3: combination Option 1 & 2
· Note: A fixed RCS for the target can be supported as a special case of Option 1 or 2
· FFS which option is supported for RCS in large scale or RCS in small scale
· The following option to model RCS of a target in small scale is considered for further discussion. 
· Option 1: Random RCS value generated by a random distribution. FFS the distribution

4/18 (Thursday)

[High] Proposal 5.1-1a for conclusion: -revised at Thu online. 
Based on the agreement for agenda 9.7.2 made in RAN1#116, the following definitions are clarified for the discussion purpose. 
· Environment object (EO): A non-target object with known physical characteristics, e.g., location. 
· EO is a deterministic non-target object.
· An EO may have comparable physical characteristic e.g., shape/size as a sensing target, e.g., human, vehicle, UAV, AGV, etc. (referred as EO type-1)
· An EO may have extremely large size, e.g., a wall, building, ground, etc. (referred as EO type-2)
· Stochastic clutter: non-target objects (scatters) with unknown physical characteristicthat are , similar to a stochastic cluster generated as cluster generationas defined in TR 38.901.  
· Note: The above definition doesn’t imply anything on possible agreement on whether/how to model EO or stochastic clutter in target channel and/or background channel
· Note: EO is used to represent unintended object from SID

[High] Proposal 5.1-5b: -revised at Thu online. -revised further
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 if EO is modeled
· Option 1:  impacts onbyEO is modelled different from a sensing target,  e.g., 
· Applicable for an EO having extremely large size. (referred as EO type-2 for discussion purpose) 
· FFS how EO is modeled, e.g.similar to section 7.6.8 ground reflection in TR 38.901FFS 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: impacts on byEO is modeled in the same/similar way as a sensing target or a simplified version of sensing target 
· Applicable for an EO having comparable physical characteristics as a sensing target, human, vehicle, UAV, AGV, bird, animal, etc.(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
· Note: EO is used to represent at least unintended object from SID


[High] Proposal 5.1-2-1a: -revised
For case 1 (LOS condition for both TX-target and target-RX), the target channel is modelled as additive combination of the following components
· Component 1: 1 bounce path component only including LOS ray(s) from Tx to target and LOS ray(s) from target to Rx
· The AoA, AoD, ZoA, ZoD, delay of the component 1 is modelled by the geometrical locations of TX, target and RX
· FFS the doppler and power of component 1
· Component 2: multiple bounces path component including NLOS ray(s) from TX to Target and/or NLOS ray(s) from target to Rx
· Further study the modelling of component 2, considering the following options:
· option 1: no component 2
· option 2: component 2 is modelled by stochastic clutters generated as in TR 38.901
· option 3: component 2 is modelled by EO
· FFS modelled by EO type-1 and/or EO type-2
· option 4: combination of Option 2 and 3
· FFS maximum number e.g., 2 or 3 of bounces for option 3 or 4 in component 2each option
· Note: the number of bounces equals to is defined as the number of objects in a path between Tx and Rx. 
· For example, for path Tx-target-EO-Rx, the number of bounce is 2.
· For example, for path Tx-target-stochastic clutter-Rx, the number of bounce is no less than 2.
· For example, for path Tx-target-Rx, the number of bounce is 1.
· 
· FFS how to model a target which is in the line from Tx to Rx


[High] Proposal 5.1-2-1b:
for a pair of Tx and Rx, 
· For LOS condition case 1, at least a path including LOS ray(s) from Tx to target and LOS ray(s) from target to Rx is modelled
· The following options are considered to model NLOS paths
· Option 1: not modelled
· Option 2: modelled by end-to-end path(s) 
· Option 3: modelled by concatenation of path(s) 
· Option 4: combination of Option 2 and 3
· FFS how to model a target which is in the line from Tx to Rx


[High] Proposal 5.1-2-1c:
· The following options are considered 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 example, Option 1 to model LOS ray(s) from Tx to target and from target to Rx, and option 2 for other paths

General 
Impact to/from communications

	Company
	Views

	Spreadtrum
	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.

	CATT
	Proposal 3	The study item prioritizes the study of ISAC channel modeling to enable the evaluation of 3GPP sensing performance.

	Samsung
	Observation 5: The introduction of sensing targets, environment objects and/or clutters may have impact on the existing communication channel. 
Proposal 9: RAN1 to focus on the channel modelling for sensing first, then evaluate the impact of the modelled channel on the communication performance 


	BUPT
	Proposal 1: Extend the Geometry-Based Stochastic channel Model (GBSM) in 3GPP TR 38.901 for ISAC channel modeling, focusing on characterizing the sensing channel while maintaining compatibility with the communication channel.


	Xiaomi
	[bookmark: _Ref157766107]Proposal 1: The ISAC channel model in Rel-19 can focus on enabling the evaluation for sensing, with consideration on keeping the difference minimized comparing with the existing channel model in TR 38.901 in the evaluation of communication.


	Apple
	Proposal 3: The ISAC channel model should support evaluation of sensing only use cases, communications only use cases and use cases that support both sensing and communications.
Proposal 4: For a channel that supports both sensing and communications, the correlation between the two channels will depend on the following: 
1.  Difference between sensing coverage and communication coverage
a. Difference in transmission power between sensing and communication
b. Difference between frequency band for sensing and frequency band for communication
2. Differences in sensing mode
3. Mobility of target, transmitter and or receiver and size of target


	AT&T
	Proposal 1: The ISAC channel model maintains the integrated nature of sensing and communication. The ISAC channel model, when used, should have no detrimental effect on the evaluation of communication KPIs.


	Panasonic
	The channel modelling methodology should be aligned with legacy communication channel modelling in the cases of bistatic sensing modes.
FFS: monostatic sensing mode scenario
For ISAC channel modeling, RAN1 should focus on the sensing channel without considering spatial consistency between communication and sensing channels.


	Southeast University
	A novel ISAC channel model should be developed to simultaneously include both communication and sensing channels

	Lenovo
	[bookmark: _Toc163213842][bookmark: _Toc163213473]Proposal 1. The ISAC channel model to be calibrated both with respect to the communication performance and sensing performance. 
[bookmark: _Toc163213843][bookmark: _Toc163213474]Proposal 2. For calibration of the ISAC channel model for communication, at least the SNR of ISAC channel can be considered as the calibration metric.



Summary on company views
AT&T, Southeast University propose that the ISAC channel model can support evaluation for both sensing and for sensing and communication. 

CATT, Xiaomi, Spreadtrum, Xiaomi prefer to prioritize the sensing aspects of the ISAC channel model. Spreadtrum, Xiaomi, Panasonic propose to minimize the difference in the evaluation of communication using the ISAC channel model. CATT commented communication aspect is beyond scope. 
Samsung prefer to evaluate impact to communication in later stage. Lenovo proposes to calibrate the ISAC channel for both communication performance and sensing performance. 

Issue 4.1-1
[Moderators’ note] Around 10 companies discuss whether the ISAC channel model should support the evaluation of sensing and communication. Though number of companies is not large, it is actually key design aspect for clarification. Companies are encouraged to provide views on the following proposal. 

[Medium] Proposal 4.1-1: -[ACTIVE] 
The study item prioritizes the discussion on defining an ISAC channel model to enable sensing evaluation. 
· FFS whether/how to calibrate the ISAC channel model and existing communication channel model according to the calibration metrics in TR 38.901


	Company
	Yes/No
	Comments

	ZTE
	Yes
	In our contribution section 2.6, some results are provided to prove the gap between background channel and target channel is very large. It implies that the impact from the channel passed through the sensing target to the traditional communication channel is negligible. 

	Huawei, HiSilicon
	
	The main bullet should be sufficient if the proposal is really needed. 
FFS is unclear. Why do we discuss calibrating the existing communication model assuming it is what is defined in 901 for communication?
FFS could be: FFS how to calibrate the ISAC channel model.

	
	
	

	OPPO
	No
	For an integrated sensing-and-communication evaluation, there are two alternatives: 
· Alt-1: Using ISAC channel model for sensing evaluation and legacy channel model (e.g., 38.901) for communication evaluation. 
· Alt-2: Using ISAC channel model for both sensing evaluation and communication evaluation. 
The intention of FL proposal 4.1-1 seems to prioritize Alt-1 over At-2. Our concern is a possibility of such a consequence that, for a same pair of Tx and Rx, the channel for sensing and the channel for communication are separate and independent, then one channel can be strong and in favor of performance at a moment but the other is on the opposite at the same moment. This is surely undesirable in case the communication channel could be used to carry RAN L1/L2 signaling between Tx and Rx to support sensing. 
For Alt-2, the channel property of Htarget+Hbackground between Tx and Rx in ISAC channel model should be statistically comparable to legacy channel model between the same pair of Tx and Rx. This would put a specific requirement on designs of two H. So we think this discussion should have high priority instead of medium. 

	Qualcomm
	No
	We don’t consider it necessary to agree with such proposal; the SID requests the group to work to “define channel modelling aspects to support object detection and/or tracking (as per the SA1 meaning in TS 22.137)”.
Whether it can also be used or not for communications, it is something that future SID/WID could tackle. 

	vivo
	No
	The evaluation of sensing and communication should be equally treated. Otherwise, the channel modeling belongs to sensing other than ISAC.

	New H3C
	
	Main bullet is enough.

	Ericsson
	No
	Agree with vivo that the ISAC channel model should enable ISAC evaluation, including both communication and sensing parts. We support the calibration of ISAC channel model. Calibration metrics can apply to both Htarget and Hbackground.
We also support the calibration of existing communication channel model to evaluate the impact of ISAC CM SI, if any. 


	Apple
	No
	Agree with both Vivo and Ericsson that both sensing and communications should be considered

	CATT/CICTCI
	Yes by removing the sub-bullet
	Anything beyond sensing is violation of the SID.

	BUPT
	
	Here, we further explain and reiterate our proposal that “focusing on characterizing the sensing channel while maintaining compatibility with the communication channel” in [R1-2402708],
· The focus on sensing channels is because sensing emerges as a new ability and communication channel has already been modeled in 38.901, which does not imply the exclusion of considering the communication channel. FFS is the correlation, consistency or compatibility between communication and sensing channel, so as to ensure the evaluation of integrated system performance.

	Lenovo
	
	Calibration to the available 901 scenarios can be engaged once the sensing channel modeling (in view of sensing performance) is concluded and we have proposals on how such requirement can be achieved. 

	Spreadtrum
	
	Support the main bullet on prioritize the ISAC channel modelling. Regarding the FFS, joint evaluation between sensing and communication should be deprioritized. 

	Xiaomi
	
	Agree with Huawei in general. FFS could be:  FFS how to calibrate the ISAC channel model, the calibration metrics in TR 38.901 can be start point.

	Toyota ITC
	
	The ISAC channel model should enable both sensing evaluation and communication evaluation.

	Nokia
	Not clear
	The intention of the proposal is not fully clear.  Is the goal to avoid calibration of ISAC channel model for communications, or to avoid joint evaluations of sensing and communication.  In either case it does not seem that an agreement is needed until discussion on validation and calibration begin.

	Samsung
	
	The main bullet seems that SID already cover it as Qualcomm mentioned it. And also, for sub-bullet, it is difficult to get the meaning of calibration. If ISAC channel model study which is enabled sensing evaluation is done, it still available for sensing evaluation only. Then, we cannot get meaningful results from comparison between ISAC channel and existing communication channel. Therefore, if RAN1 indeed nee to this proposal, we suggest to modify the FFS text “FFS study ISAC channel model to enable communication performance impact”

	LGE
	
	We agree that the main bullet is only needed. Suggest to delete the FFT point.

	MTK
	
	As we agreed in last meeting, the includes both communication channel and sensing channel. So, we share the similar view with vivo, Ericsson and Apple that both sensing and communication should be considered.




Stochastic model vs. ray-tracing model
	Company
	Views

	Spreadtrum
	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.

	vivo
	Observation 13: 	Map-based hybrid channel model seems not well-calibrated and its feasibility is not yet confirmed.
Proposal 18: 	RAN1 excludes the map-based hybrid model for ISAC channel model.

	CATT
	Proposal 1	Considering the consistency of channel model methodology with previous 3GPP channel model which is also the starting point as indicated by the SID, also taking into account the limited availability of TU for this SI, the based stochastic channel model is preferred.

	Nokia
	Observation 3:	Modeling of environment objects with deterministic impact on signal propagation may need to be limited to hybrid map-based modeling approaches.


	ZTE
	Proposal 12: The procedure of hybrid channel modelling with RT simulation in TR 38.901 can be reused and enhanced for sensing. Specify the following typical maps and characteristics of sensing targets to align the simulation assumptions:
· Urban grid map defined in 3GPP TR 37.885 
· The well-known Manhattan map from open source
· Indoor map defined in IEEE 802.11 WLAN
· EM parameters defined for radar material by ITU 


	BUPT
	Proposal 1: Extend the Geometry-Based Stochastic channel Model (GBSM) in 3GPP TR 38.901 for ISAC channel modeling, focusing on characterizing the sensing channel while maintaining compatibility with the communication channel.


	Apple
	Proposal 1: For the ISAC channel model, the following should be considered: 
· Priority 1: stochastic model with explicit modelling of target in known or random positions
· Priority 2: deterministic model as extension of map-based hybrid model in TR 38.901


	Xiaomi
	[bookmark: _Ref157766110]Proposal 2: The ISAC channel model is constructed based on the geometry based stochastic channel model in TR 38.901 with explicit model of sensing targets with given locations.


	ITL
	Proposal 1:
The existing Geometry-based stochastic channel model in section 7, TR 38.901 is enhanced to support ISAC evaluations.


	IDC
	Proposal 3: Support stochastic ISAC channel modelling as baseline, and focus on characterizing the Tx-Target-Rx link.
Proposal 4: Work on stochastic ISAC channel models is prioritized over Ray-tracing or map-based ISAC channel modelling where the latter should be studied only if time permits 


	AT&T
	Proposal 3: For channel modelling for ISAC, consider including modifications to the map-based hybrid channel model, as a second priority.


	QC
	Proposal 2: Focus on extending Section 7 in TR38.901 for sensing, by adding simplified models of physical objects and clusters of rays that interact with these objects.


	CT
	Proposal 1: At least support geometry-based stochastic model for ISAC channel modelling.


	NVIDIA
	Observation 2: Deterministic, physics-based modelling for wireless propagation, especially ray tracing, are essential for studying, evaluating, and developing key technologies in 5G-Advanced toward 6G, including ISAC, RIS, larger antenna arrays in new spectrum such as 7-24 GHz and sub-THz bands, AI/ML, etc.
Proposal 1: Ray tracing based channel modelling should be investigated for ISAC. 
Proposal 1: Define a common reference scenario for ray tracing to be used in ISAC evaluation. 
Proposal 2: Select one the following option to define a common reference scenario for ray tracing to be used in ISAC evaluation:
· Option 1: Real-scenario map that is a virtual representation of a real area on earth. 
· Option 2: Synthetic-scenario map that is artificially constructed to mimic a certain environment such as urban macro, rural macro, indoor office, or indoor factory.
Proposal 3: Describe the scene geometry and the characteristics of the materials involved in the common reference scenario for ray tracing to be used in ISAC evaluation.
Proposal 4: Consider using the existing scenarios defined by METIS as a starting point for discussion.
Proposal 5: Consider the METIS indoor office scenario (including its scene description and material properties) as a reference scenario for ray tracing and map-based hybrid model defined in TR 38.901.
Proposal 6: Describe a reference indoor office scenario for ray tracing in TR 38.901 as follows.
· Lengths and widths of the room, cubicles, and tables are given by the figure below:
[image: ]
· Heights of the room, cubicles, and tables are 2.9 m, 1.5 m, 0.7 m, respectively.
· Materials of the room, cubicles, and tables are concrete, wood, and wood, respectively.
Proposal 7: Update Table 7.6.8-1 on material properties based on the updated version of the ITU recommendation, i.e., ITU-R P.2040-3.
Proposal 8: Trace rays deterministically from the sensing transmitter to the sensing target and then to the sensing receiver, by modelling different types of interactions between the rays and surrounding objects such as reflections and diffractions.



Summary on company views
The ISAC channel model may be developed based on the three existing channel models. Based on companies’ inputs, the pros/cons for the three channel models are summarized below
· Geometry-based stochastic channel model in section 7.5, TR 38.901
· Pros
· Simple
· Employed in TR 901, widely used in evaluations in 3GPP
· Cons
· do not represent the precise geometric details of the environment or specific signal paths
· Ray-tracing channel model
· Pros
· more precise 
· Cons
· computational complexity 
· not fully calibrated, not used in evaluations of 3GPP 
· no common deployment scenario for ray-tracing. 
· designing different digital maps for each scenario is a huge project 
· Even with a defined scenario, it is hard for generalization. 
· the software for ray-tracing have versatility which may cause divergence.
· Map-based hybrid channel model in section 8, TR 38.901
· This model is a combination of the above two. However, it is essentially a ray-tracing based model

The supporting companies on each model are summarized,
· Geometry-based stochastic channel model in section 7.5, TR 38.901: HW, E//, QC, CATT, CICTCI, vivo, Xiaomi, AT&T, Intel, ITL, Apple (1st), Spreadtrum, ZTE, IDC, CMCC, OPPO, CT, Nokia, LG, CAICT, Sharp, Tiami Networks
· Ray-tracing channel model: NVIDIA
· Map-based hybrid channel model in section 8, TR 38.901: Nokia, IDC (if time permits), Apple (2nd), ZTE, AT&T (2nd)

Issue 4.2-1
[Moderators’ note] We already agreed a common framework for ISAC channel model in RAN1#116 which is composed of target channel and background channel. To move forward, a clear majority companies prefer to design ISAC channel model based on the existing geometry-based stochastic channel model in section 7.5, TR 38.901, by adding explicit/deterministic modelling for the sensing target. On the other hand, still several companies want to work on deterministic channel model (RT or Map-based hybrid channel model). Companies are encouraged to provide views on the following proposal.  

[Medium] Proposal 4.2-1: -[ACTIVE] 
· [bookmark: _Hlk159789157]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] 

	Company
	Yes/No
	Comments

	ZTE
	No
	Current TR 38.901 has supported map-based model. It is natural to extend it for ISAC, at least the procedures of TR 38.901 should be updated for ISAC. 
The controversial part should be only on whether to define maps and calibrated among companies. Here is our suggestion:

· The geometry-based stochastic channel model in section 7, TR 38.901 is enhanced to support ISAC evaluations 
· FFS the applicable scenarios
· At least the procedure of map-based hybrid channel model in section 8, TR 38.901 is enhanced to support ISAC channel modeling. 
· FFS whether/how to define the maps
· FFS the applicable scenarios


	Huawei, HiSilicon
	
	Firstly, to be clear, we are supportive of RT and map-based modelling in general. However, we are also endeavoring to address companies’ concern of RT complicity or calibration. 
The first bullet is too broad. Discussion for target and background should be separate. Modelling target should be deterministic. Background can also include deterministic object which should be deterministic as well. Stochastic background component is also needed. 
This proposal overall is not very necessary. 


	OPPO
	Yes
	

	Qualcomm
	Yes
	

	vivo
	Yes
	

	New H3C
	Yes
	

	Ericsson
	Yes
	The FFS part can be de-prioritized

	Apple
	Yes
	

	InterDigital
	Yes
	

	CATT/CICTCI
	OK
	

	BUPT
	
	We support to extend the Geometry-Based Stochastic channel Model (GBSM) in 3GPP TR 38.901 for ISAC channel modeling. However, the determinacy (e.g. 3D position) of sensing target and environment objects should also be taken into account.

	Lenovo
	Yes
	Availability of a particular (background) environment map should not be a necessary step to have an ISAC channel model, hence, we propose to take the framework given by Section 7, TR 38.901 as the main step. The deterministic background environment can be treated as one or more EOs added to a given stochastic scenario. 

	Spreadtrum
	Yes
	

	Xiaomi
	Yes
	

	Nokia
	Yes
	

	Samsung
	
	We are okay to first bullet. For second bullet, does it means to extent of section 8, TR 38.901 (map-based hybrid channel model) or newly defining channel model?

	LGE
	
	As the sensing target should be a deterministic object, it’s inevitable to use a kind of deterministic ray tracing. We’re not so sure the existing stochastic channel model defined in section 7 can model this propagation. In conclusion, it’s quite necessary to define a ray-tracing channel model for a sensing target, regardless of introducing the deterministic environment object.

	Tiami Network
	Yes
	

	CEWiT
	
	Though GBSM is feasible option but for some use cases it is good have Map based model and this option also be considered. Therefore, we feel ZTE’s modified proposal is a good compromise.




Validation on the channel model
	Company
	Views

	vivo
	Proposal 17: 	The experimental results and combination-based methodology of experiment and ray tracing should both be adopted for channel model validation.

	Samsung
	Proposal 16: RAN1 to study how to validate ISAC channel, e.g., real-world measurement, ray tracing, hybrid method


	Apple
	Proposal 23: Validation and calibration of the channel model, can be based on one of the following: 
· Option 1: Based on Experimental results (priority 1)
· Option 2: Based on ray-tracing experiments.
· Option 3: Experimental results to validate a ray-tracing model, then the ray-tracing based results to validate the ISAC channel model


	Xiaomi
	[bookmark: _Ref157766121]Proposal 9:
· Companies are encouraged to submit a proposal for ISAC channel model together with validation results.
· Up to each company to select the option for validation, and report in the validation results.
· Option 1: Experimental results only.
· Option 2: Experimental results to validate a ray-tracing model, then the ray-tracing based results are used to validate the ISAC channel model.



Summary on company views
Vivo proposes to firstly validate a RT model by measurement results, then validate ISAC channel model by the RT model. Xiaomi is OK to use either experimental results or RT model for validation. 

· Option 1: Experimental results
· Supported by: Vivo, Samsung, Apple
· Option 2: Ray-tracing based results
· Supported by: Samsung, Apple
· Option 3: Experimental results to validate a ray-tracing model, then the ray-tracing based results to validate the ISAC channel model
· Supported by: Samsung, Apple

Issue 4.3-1
[Moderators’ note] It is impractical to enforce different companies to setup the exactly same deployment scenario for validation data collection. Further, different companies may have different tools/devices to get the data to validate the ISAC channel. As a result, it seems not necessary/meaningful to try to down select a way for validation. Companies are encouraged to check the following proposals.  

[High] Proposal 4.3-1: 
· An interested companies are encouraged to submit a proposal for ISAC channel modeling together with validation results
· Up to each company to select the way for validation
· Option 1: Experimental results
· Option 2: Ray-tracing based results
· Option 3: Experimental results to validate a ray-tracing model, then the ray-tracing based results to validate the ISAC channel model

	Company
	Yes/No
	Comments

	ZTE
	
	We agree the experimental results are needed. However, RT results are also valid for many cases, especially when the EM parameters are from open sources which have been calibrated well. Hence, we think option 2 is also OK as long as the EM assumptions are clarified. 

	Huawei, HiSilicon
	
	Ok with option1 and have concern for option3. 
Rather using ray-tracing based results to validate the ISAC channel model, using RT to model the ISAC channel would be more direct. 

	EURECOM
	Yes
	

	OPPO
	Yes
	

	Qualcomm
	Yes
	

	vivo
	Yes
	

	New H3C
	Yes
	

	Tiami Networks
	Yes
	

	Ericsson
	Yes
	

	CMCC
	Yes
	

	
	
	

	Moderator
	@Huawei: The intention is not to hint a RT based ISAC channel model, at least by this proposal. Since such RT based validation is up to company choice, so it is reasonable to assume the exact layout of the scenario is also up to each company, which makes a difference from well-defined RT-based ISAC channel model. I add a note for Option 3.
Please continue discussion based on the following updated version



[High] Proposal 4.3-1a: 
· An interested companies are encouraged to submit a proposal for ISAC channel modeling together with validation results
· Up to each company to select the way for validation
· Option 1: Experimental results
· Option 2: Ray-tracing based results
· Option 3: Experimental results to validate a ray-tracing model, then the ray-tracing based results to validate the ISAC channel model
· Note: the layout of the scenario used for validation is up to company choice

	Company
	Yes/No
	Comments

	Apple
	Yes
	

	CATT/CICTCI
	OK but no need to agree sub-bullet
	

	BUPT
	
	We think that ISAC channel measurements are the most direct and persuasive means for validation and evaluation. More measurement results are needed to further validate the model.

	Lenovo
	Yes
	

	Xiaomi
	Yes
	

	Intel
	
	All options are valid in our understanding. RT results is a good compromise between complexity/cost and validity.

	Nokia
	Yes
	May be better to include that findings based on experimental results will be prioritized over ray-tracing results under similar evaluation parameters.

	Samsung
	
	We have a clarification two question.
#1 If there is no results or few results, what should we do?
#2 For Option 3, is there any baseline for validation or up to companies? For example, if the validation is up to companies, I wonder whether the below validation is enough or not. E.g., If we done for validation of ray-tracing by comparing between real-world measurement and ray-tracing pathloss results, the ray-tracing model has reliability 

	LGE
	
	We agree with Intel that all the options are valid.

	Tiami Networks
	Yes
	There is a chance that some scenarios will not be covered.

	CEWiT
	Yes
	In general okay with proposal. Options 2 includes in option 3 now with note but it will be good to ask companies to provide details on the used layout and be captures in the TR. So, the note can be modified as,

· Note: the layout of the scenario used for validation is up to company choice. Companies are encouraged to provide the used scenario layout.





The following agreement is made at Friday online session.
Agreement
· Interested companies are encouraged to submit validation results together with their proposal for ISAC channel modeling
· Up to each company to select the way for validation
· Option 1: Experimental results
· Option 2: Experimental results to validate a ray-tracing model, then the ray-tracing based results to validate the ISAC channel model
· Note: the layout of the scenario used for validation is up to company choice

Issue 4.3-2
[High] Proposal 4.3-2: 
· If extension to map-based hybrid model defined in section 8, TR 38.901 is supported, consider following way for validation
· Option 1: Experimental results

	Company
	Yes/No
	Comments

	ZTE
	Yes
	Current TR 38.901 has supported map-based model. It is natural to extend it for ISAC, at least the procedures of TR 38.901 should be updated for ISAC. The alignment of maps / sensing target and environment characteristic cab be further studied. Here is our suggestion

· Extension to map-based hybrid model defined in section 8, TR 38.901 is supported, consider following way for validation
· Option 1: Experimental results
· [bookmark: OLE_LINK1]FFS how to define the characteristic of maps, sensing targets 



	Huawei, HiSilicon
	
	If not considering option3 from the last proposal, then this proposal can also be naturally merged into the last one. We are also supportive of the version given by ZTE.

	OPPO
	No
	It is a bit strange to set P4.3-2 with high priority but P4.2-1 with medium priority, given P4.3-2 is based on an “if” condition postponed by P4.2-1. It seems reasonable to set P4.2-1 as high priority as well and discuss the two proposals together. 
We do not support extension based on map-based hybrid model, since this “base” was not calibrated at all due to missing of RT steps in 38.901, and we do not think RAN1 should spend TU in this SI to discuss how RT is done.  

	Qualcomm
	No
	Not needed at this point this proposal; first proposal 4.2-1 needs to be treated. 

	vivo
	Yes
	

	New H3C
	Yes
	

	Tiami Networks
	Yes
	As OPPO mentioned, the priority of this proposal needs to be reconsidered.

	Ericsson
	
	If the extension is supported, it can be considered as lower priority.

	Moderator
	OPPO has a good point. Let me change it to medium priority
To better reflect the current situation, let’s keep the “if …”
Please continue discussion based on the following updated version



[Medium] Proposal 4.3-2a: -[ACTIVE] 
· If extension to map-based hybrid model defined in section 8, TR 38.901 is supported, consider following way for validation
· Option 1: Experimental results

	Company
	Yes/No
	Comments

	Apple
	
	Lower priority

	InterDigital
	
	Same view as Qualcomm in 4.3-2

	Lenovo
	Ok
	Suggest to merge this proposal to the previous one. It may be confused with the proposal to study map based hybrid model. 

	Xiaomi
	No
	We have similar view with Qualcomm in proposal 4.3-2.

	Intel
	Yes
	Map-based is essentially RT, the only way to validate it should be the experiment.

	Nokia
	In general yes
	We agree in principle.  It may be better to merge with 4.3-1.

	Samsung
	
	The discussion whether map-based channel model will be updated or not is needed, first. Meanwhile, we understood that Proposal 4.2-1(Section 7, TR 38.901) is related to Proposal 4.3-1 in the same context with this proposal. Is it correct understanding?

	LGE
	
	We support that both RT and the experimental results are necessary for validation.

	CEWiT
	No
	No need of this proposal at this stage.



SLS vs. LLS
	Company
	Views

	Spreadtrum
	Proposal 4: For SLS vs. LLS:
· The ISAC channel model for system level simulation is prioritized. 
· ISAC channel model for link level simulation can be discussed after the system level channel model is done


	vivo
	[bookmark: _Ref163049178]Proposal 1: RAN1 studies the LLS-based channel model after the majority contents for SLS-based channel model are completed.


	Apple
	Proposal 1: For the ISAC channel model, the following should be considered: 
· Priority 1: stochastic model with explicit modelling of target in known or random positions
· Priority 2: deterministic model as extension of map-based hybrid model in TR 38.901


	IDC
	Proposal 5: Develop system level channel models first, and link level channel models can be based on the developed system level channel models.


	MTK
	[bookmark: _Ref159169266]Observation 1: System level simulation and link level simulation are two different approaches used for simulating and analysing the system performance.
[bookmark: _Ref159168211]Proposal 3: For ISAC channel modelling, both system level simulation and link level simulation need to be defined.


	Xiaomi
	Proposal 8: The ISAC channel model for SLS is prioritized. The ISAC channel model for LLS can be generated based on some simplifications on ISAC channel model for SLS, e.g., fixing some parameters in the ISAC channel model for SLS.

	AT&T
	Proposal 2: For channel modelling for ISAC, the ISAC channel model for system level simulation and the ISAC channel model for link level simulation are considered.


	QC
	Proposal 3: Defer extension of TDL/CDL channels (Section 7.7 in TR38.901) for sensing until when needed later in RAN4 performance studies.


	CT
	Proposal 2: Support to prioritize the ISAC channel model for system level simulation.



Summary on company views
Spreadtrum, Xiaomi, vivo, Apple, IDC, AT&T, CT and MTK propose to define ISAC channel model for both SLS and LLS. Most companies further propose to prioritize the SLS channel model in the beginning. Nokia prefers to define a channel model for LLS only. Qualcomm prefers to defer extension of TDL/CDL channels (Section 7.7 in TR38.901) for sensing until when needed later in RAN4 performance studies.. 

Issue 4.4-1
[Moderators’ note] Companies are encouraged to provide views on the following proposal. 

[High] Proposal 4.4-1: 
· The ISAC channel model for system level simulation is prioritized. 
· ISAC channel model for link level simulation can be discussed after the system level channel model is available 

	Company
	Yes/No
	Comments

	ZTE
	
	This proposal may not be needed at this stage

	OPPO
	
	We support to start SLS study before start of LLS; but it is not our preference to make it possible to leave LLS out of SI at the end. We prefer to update the 2nd bullet as following: 
· ISAC channel model for link level simulation can is to be discussed after the basic features (vs. additional features) of system level channel model is are available 

	Qualcomm
	Yes
	

	vivo
	Yes
	

	New H3C
	Yes
	

	Tiami Networks
	Yes
	

	Ericsson
	
	Support OPPO’s version.

	CMCC
	Yes
	

	Apple
	Yes
	

	InterDigital
	Yes
	

	CATT/CICTCI
	Yes
	

	BUPT
	Yes
	

	Lenovo
	Yes
	

	Spreadtrum
	Yes
	

	Xiaomi
	Yes
	

	Intel
	Yes
	

	Toyota ITC
	Yes
	

	Nokia
	No
	Similar view with ZTE that this may not be necessary.  It would be helpful to understand if the modeling considerations for SLS and LLS are the same and whether we can use the same framework for both.

	LGE
	Yes
	

	MTK
	
	As commented in our contribution, we still think LLS is also important for ISAC performance evaluation, considering the meeting progress, we can live with the majority views for prioritizing SLS, but the LLS should be considered in the future instead of as a potential candidate. So, we support OPPO’s version.

	CEWiT
	
	Some LLS is necessary going ahead integration of communication and sensing in future releases and need to be specified in this study. We agree to do it later once SLS is finalized but it should be definite. So, we tend to agree with OPPO’s version.

	SONY
	
	We slightly prefer OPPO’s version



The following agreement is made at Friday online session.
Agreement
ISAC channel model for link level simulation is to be discussed after the system level channel model is sufficiently stable with basic functionalities. 

Common ISAC channel model 
Components of target channel 
	Company
	Views

	Huawei
	[bookmark: OLE_LINK3]Observation 2: It is essential to model ISAC propagation channel involving environment objects explicitly, e.g. walls and ground, in the scenario of automotive vehicles, at least for urban grid, in order to study the effect of sensing ghost targets. For example, the environment objects (e.g., wall and ground) create ‘ghost target’ that cannot be removed from the sensing results if not modelled in the channel.
Proposal 2: Model impact of the environment object in the ISAC channel model, at least in the scenario of automotive vehicles in urban grid.
Proposal 3: Model the environment object as reflective surfaces instead of scattering points and can be further simplified to be a single specular reflection ray for a given reflective surface.
The end to end ISAC channel can be modelled in formula (1):


	Spreadtrum
	Proposal 3: Some details for target channel and background channel should be considered:
· For Tx–target link and target–Rx link, the small scale parameters should be generated respectively.
· For the delay of ISAC channel model, the propagation delay based on geometric position rather than the normalized delay should be considered.
· The environment objects are not necessary to be modelled.
Proposal 11: 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.


	Intel
	Proposal 2
· (Quasi-)deterministic component for bistatic sensing case is modelled according to the following high-level procedure:
· For a given deployment scenario, generate target and significant non-target objects as quasi-deterministic clusters,
· For each generated quasi-deterministic cluster, generate a number of points of reflection (PORs),
· Assuming single-bounce reflection, calculate distances, delays, and departure/arrival angles from the transmitter to the POR, and from the POR to the receiver,
· FFS: The multi-bounce reflection case.
· Generate quasi-deterministic cluster powers based on RCS,
· Generate POR/ray powers from the cluster powers,
· Generate random channel coefficients.
Proposal 3
· Stochastic component for bistatic sensing case is modelled according to TR 38.901, with necessary modification considering:
· Stochastic clusters number, taking into account the number and power of (quasi-)deterministic clusters,
· Delay and power distribution scaling/alignment with the (quasi-)deterministic clusters,
· Ray blockage by (quasi-)deterministic clusters.
Observation 1
· Extension of TR 38.901 to model environment related channel for monostatic sensing requires consideration of at least the following aspects:
· LOS/NLOS channel characterization in absence of deterministic propagation distance,
· Pathloss calculation in absence of deterministic propagation distance,
· Delay spread scaling,
· Angle distribution alignment.


	vivo
	Proposal 1: 	Stochastically determine LOS or NLOS for each path based on LOS probability.
Proposal 2: 	The maximum paths forming a link should be limited to some number, e.g., ≤ 3 as a starting point.
Proposal 3: 	Using the following procedure to generate the channel link can be considered as a starting point: a) independently generate the channel for each path relying on the methodology of TR 38.901, b) determine the state of each path based on the LOS probability, c) generate individual K-factor to control power distribution for LOS state, and d) combine the relevant paths to form the channel link.
[image: ]
Observation 1: 	The interaction link between sensing target and environment object can improve the sensing performance.
Proposal 4: 	Modeling the interaction link between sensing target and environment object (if modeled), or between different sensing targets, only when the state of each path that forms the link is LOS.


	E//
	Observation 6	Modelling a channel of a pedestrian target as a constantly moving point scatterer can capture certain aspects of the measured channel.  Such modelling, however, might to be too simplistic to capture characteristic oscillations in the Doppler shift, reflections of the target and clutter and variations in the scattered signal power.
Proposal 6	NLOS propagation for the BS--target link and UE--target link should also be modelled since sensing targets can lack LOS links.
Observation 13	Multipath in the Tx link and Rx link can be modelled both deterministically and stochastically.
Observation 14	Excessive use of deterministic components, for example in advanced ray-tracing, is not feasible to fully specify within 3GPP and should therefore be avoided.
Proposal 7	The multipath modelling of the BS and UE links should be fully specified and sufficiently simple to implement, still capture all aspects of the channel that are relevant for sensing evaluations.

	OPPO
	Proposal 1: For the modeling of Htarget, 
· The LOS path of “Tx -> Target -> Rx”, if existing subject to LOS assignment, is modeled based on deterministic geometries of {Tx, Target, Rx}. 
· In a multi-target sensing geometry, multi-hop path over more than one target is not considered. 
· Subject to  feasibility of RCS modeling in NLOS condition, the NLOS paths of “Tx -> {Target, {B}} -> Rx” are modeled in stochastic way by taking the stochastic modeling in TR38.901 as starting point. 
· The path effect of “Tx -> {Target, {B}} -> Rx” should exclude the path effect of “Tx -> Target -> Rx”. 
· Parameter-level (such as angles) dependency on deterministic geometries of {Tx, Target, Rx} is not precluded. 
· Environmental objects are not modeled in Htarget.


	CATT
	Proposal 2	The overall modeling shall re-use the existing framework in TR 38.901 and focus on enhancement for large-scale/ small scale fading modeling, RCS, spatial consistency and mobility.
Proposal 4	For the target channel, the LOS ray and NLOS multipaths in the Tx-target link and/or target-Rx link need to be modeled.
Proposal 5	For the target channel, the EO does not need to model and only clutter is modeled.
Proposal 6	The interaction between two targets does not need to be explicitly modeled.


Figure 1: The simplified components of ISAC channel model
Proposal 12	The sensing target link can be modelled in Concatenation-based way or Non-concatenation-based way. To better reflect the actual situation of the channel in the real world, Concatenation-based modelling is preferred.

	Samsung
	Proposal 1: RAN1 considers the following options for target channel modelling: 
Option #1. LoS ray only
Option #2. LoS ray + NLoS multipaths
Option #3. Condition based Option 1/Option 2 depending on sensing scenario and/or sensing modes and/or frequency range
[image: ]
Fig. 1 illustration of target and environment object channel  
Observation 1: environment objects may be considered as objects that have similarity as sensing targets with RCS and scattering points
Observation 2: clutters may be considered as objects that have continuous and large coverage and are difficult to be modelled in a similar way as modelling sensing targets
Proposal 2: RAN1 to clarify the differences between the environment objects and clutters 
Proposal 3: RAN1 to consider including the environment object and/or clutters in the target channel modelling depending on the sensing scenarios
Observation 3: sensing signal may become undetectable or has little sensing information about the sensing target after a certain number of bounces
Proposal 4: RAN 1 to consider multi-bounce for NLoS multipath channel modelling and study the appropriate maximum bounce number
Proposal 5: RAN1 to study whether the maximum bounce number fits for all scenarios or different maximum bounce number is used for different scenarios
Proposal 6: RAN1 to study how to decide the bounce number for the links that involve target and different environment objects/clutter 
Proposal 7: RAN1 to study what the key differences between target and environment objects are and then decide whether it requires different channel modelling for the interaction between different targets 
Observation 4: NLoS multipath may cause target ambiguity to Rx, e.g., virtual target may be introduced by the multipath channel modelling 
Proposal 8: RAN1 to study the impact of the virtual target introduced by the NLoS multipath channel modelling 


	CMCC
	Proposal 1: Modelling of environment object(s) with known locations should be considered in ISAC channel modelling.
Proposal 2: The determination of actual locations of NLOS clusters based on the delay, departure angles (AOD/ZOD), or arrival angles (AOA/ZOA) parameters of the NLOS clusters according to TR 38.901 should be further studied. The following two options can be considered:
· Option 1: Single-bounce model.
· Option 2: Multi-bounce model.
Proposal 3: Target channel modelling should use segmented modelling method.
Proposal 4: The incident channel and backscatter channel are convoluted in cluster level.
[image: ]
[bookmark: _Ref162623980]Figure 10: Cluster number in UAV scenario
[bookmark: _Hlk162877276]Proposal 5: Both LOS and NLOS clusters/rays in the Tx-target and target-Rx channels should be modelled for all deployment scenarios.


	Nokia
	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
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.
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.


	ZTE
	Proposal 1: For link from Tx to a target, and the link from the target to Rx, pathloss, LOS Probability, and some fast fading parameters can be modeled separately with considering spatial consistency. 
Proposal 10: If a link between Tx and target, or between the target and Rx is NLOS, support stochastic modeling of angel and delay between the target and Tx/Rx without knowing EO’s location. 
· Deterministic EO can be modeled by ray tracing method.


	BUPT
	[bookmark: _Ref163194810]Table. 1 Power proportion of each component in target channel
	Power proportion
Component
	28 GHz
	105 GHz

	LoS path
	32.8%
	18.9%

	[bookmark: _Hlk163160008]Single-hop NLoS paths
	48.5%
	65.7%

	[bookmark: _Hlk163195356]Double-hop and above NLoS paths
	18.7%
	15.4%



Observation 1: Based on ISAC channel measurement, the NLoS paths in the TAR-Rx link can be observed clearly, and the propagation power is mainly concentrated on the LoS path and the single-hop NLoS paths.
Proposal 4: In the Tx-TAR and TAR-Rx links of sensing target channel, both LoS path and single-hop NLoS paths should be modeled, while NLoS paths with double hops and above can be ignored due to their low power.
Proposal 5: The single-hop NLoS paths of the Tx-TAR and TAR-Rx links can be modeled based on environmental objects with known positions.
Proposal 6: Two options for determining the environmental objects can be considered: 
· Option 1: Based on the cluster parameters generated by TR 38.901, 
· Option 1.1: Calculating the positions of single-hop objects based on cluster delays and departure angles (AoD/ZoD).
· Option 1.2: Calculating the positions of single-hop objects based on cluster delays and arrival angles (AoA/ZoA).
· Option 1.3: Calculating the positions of single-hop objects based on both cluster delays and departure angles (AoD/ZoD), as well as cluster delays and arrival angles (AoA/ZoA). Then, eliminate some unreasonable object positions.
· Option 2: Based on the specific distributions, and the exact scattering method needs to be discussed.
Proposal 7: To efficiently evaluate the sensing applications, the positions of the targets need to be predefined in the ISAC channel simulations.
Proposal 8: The small-scale parameters of sensing target channel can be represented as a convolution of Tx-TAR link, TAR-Rx link, and the target’s RCS. 


	LG
	Proposal 1: Consider the adoption ISAC channel model as combination of 38.901-based approach for the stochastic background (clutter) modeling [mandatory], explicit ray-tracing modeling of the deterministic environment object [optional] and newly introduced the sensing target object [mandatory].

Proposal 2: Consider stochastic 38.901-based channel model for ISAC simulation consisting as sum of the following paths as shown in Figure 2:
· background clutter ( 38.901 baseline) [mandatory]
· 1st order reflections from the environment object (ray-tracing modeling) [optional]
· 1st order reflections from the sensing target object (38.901 pathloss and shadow fading) [mandatory]
· 2nd order reflection between environment object and sensing target [optional]
· 2nd order reflection between environment objects [optional]

Proposal 3: Although scenario with several sensing targets should be considered, their mutual interaction should be neglected for the baseline/initial scenarios. Optionally, for vehicular cases these paths can be taken into account – FFS.


 [image: ]
[bookmark: _Ref162976270]Figure 2 Channel modeling environment, modeled paths


	Apple
	Proposal 16: Cluster/Ray modeling can be based on a single bounce (with a direct path) or multi-bounce (with indirect paths) model. The channel model should select
Option 1: Single bounce path only
Option 2: single bounce and multi-bounce paths



Proposal 17: Deterministic or semi-deterministic Ray/cluster Modelling can be considered with the parameters for the direct path dependent on the physical location of the target and for the indirect paths in a statistical manner

Proposal 18: The need for near-field effect modeling may be eliminated by setting minimum distances to ensure far field operation only


	IDC
	Proposal 6: Two links, namely Tx to object and object to Rx, should be modeled separately.
Proposal 7: Study spatial and temporal consistency for moving target, or relative movement of Tx or Rx with  respect to the target in ISAC channel model.
Proposal 8: Modeling near field effects is not part of the scope for ISAC channel modeling.
Proposal 10: For LOS or NLOS modeling, use TR 38.901 to model LOS or NLOS channel separately for each of Tx-target and target-Rx link.
Proposal 11: H_target should contain all multipath components if NLOS is applicable to either Tx-object or object-Rx link.


	MTK
	[bookmark: _Ref159168210]Proposal 4: For ISAC channel modelling, taking TR 38.901 as a starting point with the deterministic modelling mechanism for the target object.
Proposal 5: For each component of the target object, the sensing parameters are obtained by the math calculation based on the geometry of the coordinate system. 
[bookmark: _Ref159168217]Proposal 6: For ISAC sensing target modelling, reconsidering the concept of cluster/ray for sensing, e.g., one component of sensing target can be modelled by one ray/path. 
[image: ]
[bookmark: _Ref163145056][bookmark: _Ref163145051]Figure 3: Example of ISAC propagation path
.
[bookmark: _Ref159168213]Proposal 7: Sensing LOS path is needed for target related ISAC channel modelling, especially for LLS.
· If NLOS path is modelled for target channel in some scenario, it is suggested that the NLOS is reflected by environment object.


	AT&T
	Proposal 6: For the ISAC channel model, both LoS and NLoS multipaths between the sensing Tx and the sensing Rx and the target are modeled.
Proposal 8: For ISAC channel modelling, for the target generated channel, deterministic target modelling is used based on the location, scattering properties, and velocity of the target to generate the small-scale parameters and corresponding small scale fading channels.
Proposal 9: For ISAC channel modelling, both LoS ray and NLoS multipaths are modelled in the Tx-target and target-Rx link
· For the environment objects, only model direct paths between the Tx and environment object, and environment object and Rx.


	CAICT
	Proposal1: ISAC channel can be modeled as two main parts, i.e., target-related components and background components.
· [bookmark: OLE_LINK19]In target-related components, we suggest to consider four kinds of propagation paths:
- Type 1: single-bounce reflection by sensing target (LOS cluster + LOS cluster)
[bookmark: OLE_LINK22]- Type 2: twice-bounce reflection with sensing target in the first hop (LOS cluster + NLOS cluster)
- Type 3: twice-bounce reflection with sensing target in the last hop (NLOS cluster + LOS cluster)
- Type 4: multi-bounce reflection with sensing target in the intermediate hop (NLOS cluster + NLOS cluster)
· In background components, interactions with the environment targets other than sensing target on the sensing signal are mainly considered.
[bookmark: OLE_LINK26][bookmark: OLE_LINK32]Proposal7: We suggest to define the cluster number of Tx-target link and target-Rx link. The specific values require further study according to scenario and target features.
Proposal8: Small scale parameters, such as delay spread, angel spread, number of rays, intra-cluster delay and angel spread, need further study and validation according to the characteristics of the target, such as target size, shape, material, etc.
Proposal9: For LOS+LOS case, couple the LOS ray of Tx-target link and the LOS ray of target-Rx link, 1-by-1 or 1-by-mutiple randomly couple the NLOS clusters of Tx-target link and the NLOS clusters of target-Rx link according to relationship of . For NLOS+NLOS case, 1-by-1 or 1-by-mutiple randomly couple the NLOS clusters of Tx-target link and the NLOS clusters of target-Rx link according to relationship of . For LOS+NLOS or NLOS+LOS case, couple the LOS ray with one of the strongest rays in the other link, 1-by-1 or 1-by-mutiple randomly couple the NLOS clusters of Tx-target link and the NLOS clusters of target-Rx link according to relationship of . Generate channel coefficient for Tx-target-Rx link based on the concatenated small scale parameters of Tx-target link and target-Rx link.


	Lenovo
	[bookmark: _Toc163213815][bookmark: _Toc163213446]Proposal 8. The following definitions can be adopted to better describe the ISAC channel modelling elements in the follow up discussions, considering a sensing transmission point (sensing Tx) and a sensing reception point (sensing Rx)
· ISAC channel: the propagation channel between the sensing Tx node and the sensing Rx node comprising one or more sensing target objects as well as the background/environment where the target objects are present;
· Environment object (EO): objects as part of the background environment with known physical characteristics (e.g., location, physical dimension etc.).  
· Initial background channel: the propagation channel between the sensing Tx node and the sensing Rx node in the absence of the sensing targets; 
[bookmark: _Toc163213387][bookmark: _Toc163213610]Observation  1. Considering the sensing target object or EOs with pre-determined characteristics as an integral part of the background environment, as proposed in Option 1, invalidates the statistical modelling of [1, Subsection 7.5].  
[bookmark: _Toc163213611][bookmark: _Toc163213388]Observation  2. Considering the sensing target object or EOs as an external add-on to an initial background/environment channel, as in Option 2, facilitates utilizing [1, Subsection 7.5] for the initial background/environment channel generation. However, as the target/EO is not an integral part of the background environment, the mutual impact (e.g., blockage) of the sensing target and environment needs to be further taken into account. 
[bookmark: _Toc163213447][bookmark: _Toc163213816]Proposal 9. Consider the sensing target (and if considered, EOs) as an external add-on object to an initial background/environment channel and further study modelling the interactions between the background/environment and the sensing targets.
[bookmark: _Toc163213449][bookmark: _Toc163213818]Proposal 10. the modelling of the paths including higher than two explicit interactions (e.g., reflection(s)), diffraction/blockage) can be deprioritized for the study of ISAC channel model.
[bookmark: _Toc163213821][bookmark: _Toc163213452]Proposal 11. Prioritize statistical generation of the cluster/ray parameters of angle, delay, e.g., including per-cluster Power, DS, AS, for the sensing channel as a starting point for the relevant target types. 


	Xiaomi
	[bookmark: _Ref163226705][bookmark: _Ref163226709]Proposal 4: Only the multipath component which may have major impact on the performance of sensing evaluation shall be considered for target channel and background channel modelling.
Proposal 5: For the target channel of ISAC channel model, support to model both the LOS ray and NLOS paths in Tx-target link and target-Rx link.
· The NLOS paths in Tx-target link and target-Rx link are modelled by stochastic clutter.
[bookmark: _Ref163226591]Observation 1: If EO is supported in ISAC channel model, the following issues should be clarified.
· Which object(s) can be considered as EO(s).
· Whether EO is modelled in the same way as target.
· In which criteria the interaction between EO and target should be considered.
[bookmark: _Ref163226595]Observation 2: If EO is supported in ISAC channel model, only LOS rays of Tx-target-EO-Rx or Tx-EO-target-Rx path needs to be considered in target channel.
· All the NLOS path of Tx-EO link, target-EO link, and EO-Rx link via stochastic clutter, and ray/path between the EO-EO link should not be considered in target channel.


	QC
	Proposal 11: Model a small object as a single scatter-point applying a gain value G(φin,θin, φout, θout) to a ray that arrives at the scatter-point with (azimuth, elevation) angles (φin,θin) and leaves it with (azimuth, elevation) angles (φout,θout), wherein all the 4 angles are with respect to an LCS attached to the scatter-point.  The gain function G(.) allows an abstract modeling of a combination of reflection, refraction, and attenuation. LCS to GCS translation is part of ‘object drop procedure’, analogous to UE orientation being part of UE drop in TR38.901.
Proposal 13: Consider the following options in decreasing priority for modeling ‘multi-bounce’ paths, i.e., paths from Tx to Rx that interact with more than one scatter-point:
a) No explicit modelling of physical multiple-bounce paths
b) Modeling of only the LoS propagation on all hops along the multi-bounce path, applied if and only if all those links have LoS state. Limit the number of scatter-points in the multi-bounce path to 2, i.e., maximum of 3 hops from Tx to Rx.
c) Consider NLoS propagation in addition to LoS propagation in (b). 
Proposal 15. The new object-interaction modeling framework defined for ISAC applies to all physical scatterer objects introduced into the deployment - both sensing target(s) and non-target/environmental/background object(s). The legacy TR38.901 modeling framework applies to stochastic clutter that is not modeled as interaction with a specific physical objects. Thus, the channel model equation is rewritten as 
 
Here  represents the stochastic clutter that uses the legacy TR38.901 framework.  represents all the rays/clusters that travel from the transmitter to the receiver via a specific ordered sequence of scatter-points, interacting with them as per the new modeling framework. The subscript ‘i’ represents the unique sequence index. Each scatter-point may represent either a sensing target or non-target/environmental/background object, and may occur in multiple distinct sequences. Multiple scatter-points may represent the same object. In the particular case when each sequence has only one scatter-point (i.e., no multi-bounce paths) and each object is represented by only one scatter-point,  may be replaced for notational simplicity by 


	EURECOM
	[bookmark: _Ref162627875]Proposal 12: For target channel, the small-scale parameters of the rays in the Tx-target and Rx-target links are coupled in 1-1 mapping. The channel coefficient for the Tx-Rx link is generated from the coupled parameters.


	Sharp
	Proposal 2: Target channel can be broken down into Tx-target and target-Rx. Each of these channels can be modelled independently.
Proposal 6: Each of the channel i.e. Tx-target and target-Rx channel should comprise of both LOS and NLOS rays.
Proposal 8: In our opinion introducing environment objects makes the ISAC channel more complicated. Thus, in our view we should not introduce environment objects in the ISAC channel model.
Proposal 9: In our view NLOS rays can be modelled stochastically in the Tx-target and target-Rx channel. This is because most companies agree that ISAC model is simply an extension of TR 38.901 stochastic channel model, and thus we should follow similar principles of stochastic channel modelling as TR 38.901. 


	CT
	Proposal 7: NLOS clusters are modelled in the Tx-target link and/or target-Rx link for the target specific channel in the stochastic ISAC channel model.


	Tiami Networks
	Proposal 4: The background objects channels should be modeled using the stochastic approach in TR 38.901. 


	Sony
	[bookmark: _Toc163200004][bookmark: _Toc163213509]Proposal 13: For reducing the modelling complexity, environment object related links (i.e., Tx-E, E-Rx and S-E) should contains LOS ray only.   
[bookmark: _Toc163213516][bookmark: _Toc163200011][bookmark: _Toc159230598]Proposal 14: The following two new modeling procedures should be further studied in order to support ISAC channel model:
· Deployment of target/environmental objects, including configuring the location of objects and the RCS of objects.
· Combination the channel coefficients of the Tx-to-Object link and the channel coefficients of Object-to-Rx link.


	Panasonic
	Proposal 4	The target channel can be modeled by a deterministic method.



Agreement (RAN1#116)
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)

[Moderator’s note] Only to ease the discussion, the figure used in last meeting discussion is further elaborated as below
[image: ]
Summary on company views
From the contributions, all companies describe the target channel of a target consisting a Tx-target link and a target-Rx link, which is the outcome of the geometrical relation of sensing Tx, target and sensing Rx. 

From the contributions, most companies use aligned definition on environment object (EO) and stochastic clutter, i.e.,
· EO is a non-target object with known physical characteristics, e.g., location
· Stochastic clutter/cluster is scatters that are generated as cluster generation in TR 38.901
However, it seems some companies apply the different definition. E.g., one company defines EO as a non-target object that can be modelled the same as a target, and clutter as a non-target object that is likely use a different modelling from a target, e.g. wall, building, ground. So, it is good if the terminology from companies can be further aligned. 

For the target channel, a key design issue is whether/how NLOS multipath can be modelled in the Tx-target link and/or the target-Rx link. Four options are identified. The corresponding supporting companies are also counted 
· Option 1: Only LOS ray(s) is/are modelled in the Tx-target link and target-Rx link
· Supported by Intel ( PORs), HW (UAV), OPPO, Apple, MTK, ZTE 
· Option 2: NLOS clusters as TR 38.901 are modelled in the Tx-target link and target-Rx link
· Supported by Xiaomi, Spreadtrum, vivo, E//, CATT, CICTCI, Samsung, CMCC, Nokia, ZTE, BUPT, LG, Apple, IDC?, CAICT, AT&T, EURECOM, Sharp, CT, Tiami Networks
· Option 3: EO is modelled in the Tx-target link and target-Rx link
· Supported by: HW, vivo, E//, Samsung, CMCC, Nokia (same as target), BUPT, LG (Optional), Apple, MTK (2nd), IDC?, Lenovo, AT&T, QC, EURECOM
· Option 4: LOS cluster
· The cluster angles are defined in the same way as the ray angles were above, i.e., consistent with geometry. The individual rays in the cluster, on the other hand, have angles that are offset relative to the cluster angles. 
· Supported by QC 

Most companies share a view that it is scenario dependent. For example, it could be sufficient to model LOS ray only for UAV in high sky; on the other hand, there will exist rich NLOS multipath in Indoor scenarios.
BUPT and Ericsson did measurements which verifies that NLOS multipaths from sensing target contribute a large portion of received power. BUPT provides a table respectively summarizes the power ratio for Tx-target-Rx, link of 2 bounces and link of >2 bounces 
Table. 2 Power proportion of each component in target channel (BUPT, R1-2402290)
	Power proportion
Component
	28 GHz
	105 GHz

	LoS path
	32.8%
	18.9%

	Single-hop NLoS paths
	48.5%
	65.7%

	Double-hop and above NLoS paths
	18.7%
	15.4%




	BUPT
		[image: ]
(a)
	[image: ]
(b)


[bookmark: _Ref163205260][bookmark: _Ref163205256][bookmark: _Hlk163173540]Fig. 1  Background and target+background channels at 28 GHz, (a) Measurement PDPs, (b) MPCs.
[image: ]
[bookmark: _Ref163192664][bookmark: _Hlk163194645]Fig. 2 The illustration of potential propagation path for partial MPCs at 28 GHz


	Ericsson
	[image: ]

Figure 4: Delay--Doppler profile where multiple reflections of the target are visible.
[image: ] [image: ]

 
[bookmark: _Ref162361215]Figure 5: Direct path and two single-reflection paths.  Left: The shown reflected path bounces on transmitter—person—container—receiver.  Right: The shown reflected path bounces on transmitter—person—wall—receiver.

 [image: ]

[bookmark: _Ref162361219]Figure 6: An additional double-reflection path is shown: transmitter—person—wall1—wall2—receiver.




For reference, based on the submitted contributions, the pros/cons for modelling NLOS or not are summarized below. Note: I just copy some arguments from individual tdocs. Some of the arguments are actually overlapped. 

	
	Modelling LOS ray only
	Modelling NLOS

	Pros
	· Simple modeling
	Approaching real channel conditions:
· avoid making sensing based on the channel model easier than in reality.
· Able to investigate the ‘ghost target’ effect on the ISAC propagation channel
· Able to evaluate sensing performance when LOS ray is not present in one or both of Tx-target and target-Rx links
· 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
Additional benefits:
· This interaction link can increase the spatial diversity of the system and provide different Doppler shifts over different path, which can improve the sensing performance 
· An advanced sensing algorithm can cancel the environment object and detect the sensing target accurately
· multipath propagation can be exploited to gain additional information about the target, especially if the location of the surfaces in which the reflections happen are known

	Cons
	· cannot reflect real channel condition in certain scenario
· may result unreasonable good performance
· loss the possibility to assist sensing by environment
	· in general suffers higher complexity, especially when there are multiple {Ei} in a single sensing geometry (just as there can be multiple sensing targets)



For Option 2, two detailed solutions are proposed by the proponents. 
· Option 2A: one-by-one coupling between the clusters in the Tx-target link and the clusters in the target-Rx link
· Supported by: Xiaomi, CAICT, EURECOM
· Option 2B: Convolutional coupling the Tx-target link to the target-Rx link
· Supported by: CMCC, Xiaomi, vivo, BUPT

On Option 3, companies’ preference on how EO can be modeled
· Option 3A: EO is modelled in same way as target
· Supported by: vivo, Intel, vivo, Samsung, Nokia, E//
· Option 3B: EO is modelled as reflective surfaces, e.g., wall, ground
· Supported by: HW, Samsung, LG

On limitation on maximum number of bounces between sensing Tx and sensing Rx
· Option 1: maximum 2 bounces
· Supported by: HW, vivo (<=3 paths), Xaomi, BUPT, LG, Lenovo, QC
· Option 2: maximum 3 bounces 
· Supported by: CAICT
· Option 3: FFS 
· Supported by: Samsung

Regarding whether to model the interaction between two targets
· Option 1: the interaction between two targets is modelled 
· Supported by: Samsung (Open)
· Option 2: the interaction between two targets is NOT modelled
· Supported by: OPPO, Xiaomi, CATT, LG?


Issue 5.1-1
[Moderators’ note] The use of EO or stochastic clutter in the agreement in RAN1#116 names two kinds of non-target object that are modelled with or without known location. It does not imply any down-selection. Based on the contributions, most companies already share the same understanding on the definition of EO and stochastic clutter, please comment on the following proposal only if you see a critical problem for such definitions. 

[High] Proposal 5.1-1 for conclusion: 
Based on the agreement for agenda 9.7.2 made in RAN1#116, the following definitions are clarified for the discussion purpose. 
· Environment object (EO): A non-target object with known physical characteristics, e.g., location. Or, in other words, EO is a deterministic non-target object.
· An EO may have comparable shape/size as a sensing target, e.g., human, vehicle, UAV, AGV, etc. 
· An EO may have extremely large size, e.g., a wall, building, ground, etc.
· Stochastic clutter: non-target objects (scatters) that are generated as cluster generation in TR 38.901.  
· Note: The above definition doesn’t imply anything on possible agreement on whether/how to model NLOS multipaths in target channel and/or background channel

	Company
	Yes/No
	Comments

	ZTE
	
	Is the EO intersected with sensing target or not ?  this question should be clarified in this proposal because we have agreed to split the total ISAC channel to two parts. In our view, this EO must be intersected with sensing target which will be modeled in Htarget part. We don’t find any motivation to model EO for Hbackground.

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
In addition, we suggest adding another bullet for stochastic clusters for sensing target in the case EO is not needed. 
Here is our suggestion:

Based on the agreement for agenda 9.7.2 made in RAN1#116, the following definitions are clarified for the discussion purpose. 
· Environment object (EO) intersected with sensing target to model Htarget: A non-target object with known physical characteristics, e.g., location. Or, in other words, EO is a deterministic non-target object.
· An EO may have comparable shape/size as a sensing target, e.g., human, vehicle, UAV, AGV, etc. 
· An EO may have extremely large size, e.g., a wall, building, ground, etc.
· Stochastic cluster for sensing target which is intersected with sensing target to model Htarget. It may be generated as cluster generation in TR 38.90. 
· Stochastic clutter which is not intersected with sensing target to model Hbackground: non-target objects (scatters) that are generated as cluster generation in TR 38.901.  
· Note: The above definition doesn’t imply anything on possible agreement on whether/how to model NLOS multipaths in target channel and/or background channel


	Huawei, HiSilicon
	
	In general, we agree with ZTE’s view that modelling interaction between sensing target and EO should be premise of modelling EO. 
In addition, given the motivation of modelling deterministic EO, we are thinking more about surrounding buildings of large size and ground. Modelling a target-like EO, e.g., human, vehicle is not necessary, which can be evaluated by adding the channels generated for different types of targets into one simulation when intended for this case.

	OPPO
	OK
	For discussion purpose, it is also ok to us to define terminologies to further distinguish two kinds of EOs.  
We do not think the modeling EO is only for the interaction with sensing targets. 

	Qualcomm
	Yes
	In principle yes, however, for additional clarity we make the following comments:
· the definition of “stochastic clutter” may need to be improved, since the non-target objects are not “generated” as a cluster; these are objects whose contribution in the background channel ( is modelled using the stochastic clutter modelled using the cluster generation in TR 38.901. That is, we believe that it will be more clear if we write it as: 
· Stochastic clutter: objects whose contribution in the background channel ( is modelled using the existing stochastic clutter generation of TR 38.901.
Environment object (EO): An object with known physical characteristics, including at least its location, whose contribution in the ISAC channel corresponds to multipath components impacted by the object.

	vivo
	Yes
	

	New H3C
	Yes
	

	Ericsson
	No
	We suggest to adopt the following terminology:
Clutter – all objects that are nuisance to the sensing, including
· Geometric clutter – clutter that is easily mistaken for the sensing target, and has be be modelled geometrically.
· Stochastic clutter – clutter that can be modelled stochastically.
· Environment object – large, reflective objects in the environment that might cause multipath propagation in the tx—target and target—rx links, as well in the corresponding links of the geometrical clutter.
Current 38.901 doesn’t support gNB mono/bi-static link, so how to generate stochastic clutter for these links is to be studied.

	CMCC
	
	We think it’s necessary to modeling the environment objects which can cause a predicted or computable effect on target channel. The objects which cause a random or unpredicted effect on channel can be modeled in background channel. 
The EO means the environment object which can cause a predicted or computable effect on the target channel. The stochastic clutter means the environment object which cause a random or unpredicted effect on the target channel.

	Moderator
	As captured by the note, Proposal 5.1-1 doesn’t imply any design, but it is just to clarify the definitions of EO and stochastic clutter. Specifically, both following are kinds of EO.
· An EO may have comparable shape/size as a sensing target, e.g., human, vehicle, UAV, AGV, etc. 
· An EO may have extremely large size, e.g., a wall, building, ground, etc.
Then, how to model EO and/or stochastic clutter, and the possible interactions with target, are covered by other proposals. 

	Apple
	Yes
	1. For clarification, in the figure used in the last discussion, what is the difference between B.x and E.x ? 
2. if we the interaction with the object is FFS, then we are fine with the overall concepts that are being defined. 

	InterDigital
	
	Regarding the following, “An EO may have extremely large size, e.g., a wall, building, ground, etc”, this may increase the workload significantly. Justification is needed for incorporating EOs with large size.

	CATT/CICtci
	
	· An EO may have extremely large size, e.g., a wall, building, ground, etc.
Removing the above, then it’s OK

We don’t agree with the comment from other companies to use the word ‘intersected’.

	BUPT
	
	We agree that an EO is defined as a non-target object with known physical characteristics, e.g., location. For EO modelling, we suggest avoiding complexity and focusing mainly on basic location information.

	Lenovo
	Yes, suggestion
	Stochastic clutter: non-target objects (scatterers) which are not deterministically known, and can be modelled via random cluster generation as in TR 38.901.

	Spreadtrum
	
	Regarding the first kind of EO, we suggest to change ‘comparable’ to ‘same’. The reason is that during the simulation, same shape/size as a sensing target can simplify the modeling of EO.
An EO may have comparable same shape/size as a sensing target, e.g., human, vehicle, UAV, AGV, etc. 

	Xiaomi
	Yes
	We are generally fine with the conclusion. Whether to model one or two types Eos and the necessity of interactions between sensing target and EO should be discussed later (proposal 5.1-5 and proposal 5.1-3). Besides, whether the stochastic clutter can be modeled in target channel or not when Tx-sensing target and/or sensing target-Rx is in NLOS state is another discussion in proposal 5.1-2 and proposal 5.1-3.

	Intel
	
	It is preferred to split EO definition into the large reflective objects and the objects to be confused with targets. Proper definitions may be discussed further.

	Nokia
	Yes
	Given the implications of the different definitions for EO-types, it may be beneficial to differentiate target-like EOs and non-target-like EOs.

	Samsung
	
	We have concern on EO which is considered to wall, building and ground. Those things are already reflected in stochastic clutter. If RAN1 modelled it as EO, we worried that the impact of paths in a channel will be doubled. 

	LGE
	Yes
	We’re ok with those two types of the environment objects. From the sensing performance point of view, we think that EO with extremely large size is much more important than EO with the size comparable to the sensing target. The most part of the background will be dominated by such EO, especially considering the indoor environment, where all the sensing objects are surrounded by the walls.

	Tiami Networks
	Yes
	It should be noted how to use EO: whether EO is in the background channel or target channel.

	MTK
	Yes
	Since the motivation of the proposal is to clarify the definition of EO and clutter, it is ok for us. Regarding whether the there is relationship b/w EO and clutter, it can be discussed later.

	CEWiT
	Yes
	Definition per se we are fine with this.

	SONY
	Yes
	Question for clarifications: would there be different procedures when modeling the interaction with extremely large EOs and interaction with normal EOs?

	Moderator
	Most companies are commenting the support of either or both types of EOs. Unfortunately, the preferences are diverse. I update the proposal by incorporating a suggestion from Lenovo. 
Again, for EO, this proposal only clarify there can be two kinds of EOs for further study, but no hint a specific modelling scheme for the EOs. Let’s discuss modelling of EO in Proposal 5.1-5. 
Note: I now put naming of EO type-1, EO type-2 here, to differentiate the physical characteristic of EO. Companies are encouraged to provide views on the updated proposal




[High] Proposal 5.1-1a for conclusion: 
Based on the agreement for agenda 9.7.2 made in RAN1#116, the following definitions are clarified for the discussion purpose. 
· Environment object (EO): A non-target object with known physical characteristics, e.g., location. Or, in other words, EO is a deterministic non-target object.
· An EO may have comparable physical characteristic e.g., shape/size as a sensing target, e.g., human, vehicle, UAV, AGV, etc. (referred as EO type-1)
· An EO may have extremely large size, e.g., a wall, building, ground, etc. (referred as EO type-2)
· Stochastic clutter: non-target objects (scatters) with unknown physical characteristicthat are , similar to a stochastic cluster generated as cluster generationas defined in TR 38.901.  
· Note: The above definition doesn’t imply anything on possible agreement on whether/how to model NLOS multipathsEO or stochastic clutter in target channel and/or background channel
· Note: EO is used to represent unintended object from SID

	Company
	Yes/No
	Comments

	Huawei, HiSilicon
	
	Fine with deleting ‘which are not deterministically known’ from the second bullet.

	Tiami Networks
	Yes &
comment
	For the definition of Stochastic clutter, please consider rewording as:
· Stochastic clutter: non-target objects (scatterers) that are modelled using cluster generation in TR 38.901.  
This way, it inherently conveys that it has no deterministic characteristics. 

	Moderator
	Based on the offline discussions, this proposal is merged into Proposal 5.1-5



Issue 5.1-2
[Moderators’ note] Regarding a key design issue whether/how NLOS multipath can be modelled in the Tx-target link and/or the target-Rx link in target channel, majority companies share a view that it could be scenario dependent. Further, majority companies support to model NLOS multipath in target channel by stochastic clutters in Tx-target link and/or target-Rx link. The Moderator hence makes the following proposal. 

[High] Proposal 5.1-2: 
· The target channel of a target is modelled as concatenation of Tx-target link and target-Rx link
· As a common framework, NLOS multipaths can be explicitly modelled in the Tx-target link and/or target-Rx link of a target
· NLOS multipaths can be disabled in the Tx-target link and target-Rx link for some deployment scenarios. FFS which deployment scenarios
· FFS: LOS ray, if present in the Tx-target link and/or target-Rx link can be modeled as a LOS cluster with multiple rays (only one ray in the cluster of rays exactly matches with geometry of Tx/target/Rx)
· FFS: NLOS multipaths are modeled by stochastic clutter and/or environment object (EO)

For example, let’s temporarily not differentiate an EO or a stochastic clutter, the following figure is for understanding of the proposal. All green, blue, orange, red, grey links are open for further discussion. This figure doesn’t imply any preferred design. 

[image: ]

	Company
	Yes/No
	Comments

	ZTE
	Yes
	Can we delete the word of ‘explicitly’ in the second bullet since it is unclear what the implicit or explicit way is.  

	Huawei, HiSilicon
	
	The ‘explicitly’ in the second main bullet is confusing, better to clarify the intention. 

	EURECOM
	
	NLOS multipaths are modelled with LOS path for Tx-target and target-Rx links. NLOS multipaths are modelled by stochastic cluster. Do not support red link with three bounces.

	OPPO
	No
	We do not support P5.1-2. The 1st bullet means to use convolution of two channel segments (Tx-Target and Target-Rx); and the 2nd bullet very likely makes the NLOS multipath profile on each of two channel segments to follow the same multipath profile as used between Tx and Rx. These two logic together could lead to following issues: 
1) It is incorrect to assume the same statistic property on Tx-Target and Target-Rx, as on Tx-Rx. For example, 
· The multipath delays are exponential-distributed between Tx and Rx in current 38.901. But if the same distribution is assumed on Tx-Target and Target-Rx, the resulted delays on Tx-Target-Rx are Erlang-distributed -- different from the delays of multipaths not traveling through the target. 
· In the current 38.901, the power of each cluster has a random shadowing component following a log-normal distribution with a given standard deviation. But after the convolution of two segments, the resulted random portion of each cluster power at Rx end would not have the same standard deviation as those clusters not traveling through the target. 
In other words, for a given scenario, the concatenation under the assumption that the channel statistics of Tx-Target and Target-Rx follow the same statistics of Tx-Rx only results in channel statistics on Tx-Rx to be different.     
2) It is almost impossible to perform channel measurements at Target for Tx-Target link because the target is not supposed to have any reception antenna and sometimes the target is in high altitude; it is also difficult to decouple Tx-Target channel from Tx-Target-Rx link measurement at Rx to obtain measurements for Target-Rx link. Therefore it is generally hard to validate separate models on Tx-Target link and Target-Rx link.
3) If the target channel is broken into Tx-Target link and Target-Rx link and EO is considered, sometimes for certain EO geometry, it is hard to tell whether EO’s impact is on Tx-Target link or Target-Rx link or even both links. Further, it is not clear to us whether adding an deterministic EO to Tx-Target-Rx link means a two-concatenation modeling (i.e., two convolutions with three segments). 
4) Assume each of Tx-Target link and Target-Rx link has N multipath, then the concatenation of two links results in 2N multipaths. If there are K targets, the total number of multipaths between Tx and Rx becomes 2*K*N, which can be easily larger than the total number of clusters assumed in the current 38.901 for the same scenario.  

In our view, it is much better to adopt the same logic as what RAN1 used to determine the current 38.901 model: the modeling comes from the measurements collected at Rx and every statistic modeling based on the measurement is also built from the viewpoint of Rx.  

	Qualcomm
	Yes
	In principle we agree. Some minor suggestions for better readability: 
· As a common framework, in the ISAC channel model, NLOS multipaths can be explicitly modelled in the Tx-target link and/or target-Rx link of a target
· NLOS multipaths can be disabled in the Tx-target link and target-Rx link for some deployment scenarios. FFS which deployment scenarios
· FFS: LOS raycomponent, if present in the Tx-target link and/or target-Rx link can be modeled as a LOS cluster with multiple rays or only a single ray (only one ray in the cluster of raysthat exactly matches with the geometry of Tx/target/Rx)
With regards to the last FFS bullet, we think it is more natural to avoid, as much as possible, to differentiate the modelling  between EO(s) and target, since both are objects with known location that impact the ISAC channel model,  and therefore, their modelling would be the same, rather than between EO and stochastic clutter, whose modelling shall be different. 
FFS: NLOS multipaths are modeled by stochastic clutter and/or environment object (EO)

	vivo
	
	First of all, we suggest the following wording:
As a common framework, NLOS multipaths can should be explicitly modelled in the Tx-target link and/or target-Rx link of a target
From the perspective of channel modelling, whether NLOS multipaths are disabled in the Tx-target link and target-Rx link should be independent of the deployment scenarios. The NLOS multipaths can be disabled by channel parameter setting, e.g., K-factor, if necessary. Note that once K→∞, the path automatically becomes LOS path. Therefore, we suggest changing the wording as
NLOS multipaths can be disabled in the Tx-target link and target-Rx link, e.g., K-factor.

	Tiami Networks
	Yes
	The word explicitly is unnecessary. 

	Ericsson
	
	We suggest the following terminology:
· LOS – is the status of a link between two nodes when there is no obstruction to the radio signal between the two nodes.
· NLOS – is the status of the link when it is not in LOS.
· Propagation path -- is a given path that a signal can be thought of travelling along.
· Multipath – the description of a link that can thought of as having multiple propagation paths.
· Direct path – the propagation path that goes straight from node 1 to node 2.
· Indirect path – a propagation path that is not a direct path.

Then, the following changes to the proposal are suggested:
· The target channel of a target is modelled as concatenation of Tx-target link and target-Rx link
· The link between TX and target can be LOS or NLOS
· The link between RX and target can be LOS or NLOS
· As a common framework, NLOS multipaths can be explicitly modelled in the Tx-target link and/or target-Rx link of a target
· NLOS multipaths can be disabled in the Tx-target link and target-Rx link for some deployment scenarios. FFS which deployment scenarios
· FFS: LOS ray, if present in the Tx-target link and/or target-Rx link can be modeled as a LOS cluster with multiple rays (only one ray in the cluster of rays exactly matches with geometry of Tx/target/Rx)
· FFS: NLOS multipaths are modeled by stochastic clutter, geometric clutter, and/or environment object (EO)


	CMCC
	
	The LOS cluster with multiple rays should also consider the multiple points of the target. If only one ray matches the geometry of TX/target/RX, various points of target will show the totally different channel characteristics. In other words, the specification of the LOS ray mapping is priority.

	Moderator
	@ZTE, Huawei, Tiami: ‘explicit’ is to emphasize we do model the NLOS multipath in one step in the target channel generation. On the other hand, there are proposals to model such NLOS multipath interacting with target as a stochastic cluster in the background channel, which seems not majority view.  However, if ‘explicit’ causes confusion, let’s delete it, with understanding we do model the NLOS multipath in the target channel. 

@QC: If my understanding is correct, QC proposal on LOS cluster is a batch of rays, a first ray of the them exactly generated by the positions of Tx/target/Rx geometrically, while other rays are randomly generated within a angle spread of the first ray so are not geometrically match with positions of Tx/Target/Rx. On the other hand, there are also other proposals on LOS component which would model all the LOS rays geometrically. Anyway, since the proposal is focusing on NLOS multipath, let’s remove this FFS and clarify such details in later proposals. 
Regarding last FFS, I think it is necessary. This is not related to how to model EO, it just clarify there are two open options for NLOS multipath modelling. 

@Ericsson: ‘LOS’ at the current time being is not that clear. It could mean there is only LOS ray(s), or there are both LOS ray(s) and NLOS multipaths. That is why Proposal 5.1-2 directly describes whether there are NLOS multipaths or not. 
For the issue on LOS state or NLOS state, I think we can discuss it using Proposal 7.2-2a

Please continue discussion based on the following updated version



[High] Proposal 5.1-2a: 
· The target channel of a target is modelled as concatenation of Tx-target link and target-Rx link
· As a common framework for ISAC channel model, NLOS multipaths can be explicitly modelled in the Tx-target link and/or target-Rx link of a target
· NLOS multipaths can be disabled in the Tx-target link and target-Rx link for some deployment scenarios. FFS which deployment scenarios
· FFS: LOS ray, if present in the Tx-target link and/or target-Rx link can be modeled as a LOS cluster with multiple rays (only one ray in the cluster of rays exactly matches with geometry of Tx/target/Rx)
· FFS: NLOS multipaths are modeled by stochastic clutter and/or environment object (EO)

	Company
	Yes/No
	Comments

	Apple
	Yes
	

	InterDigital
	Yes
	

	CATT/CICTCI
	ok
	

	BUPT
	
	· We agree to model the target channel through convolution of Tx-TAR and TAR-Rx links. 
· We suggest that NLoS multipaths be modeled in Tx-TAR and TAR-Rx links, and have conducted a channel measurement campaign to validate this in our proposal [R1-2402708]. The observation is:
[image: ]Observation 1: Based on ISAC channel measurement, the NLoS paths in the TAR-Rx link can be observed clearly, and the propagation power is mainly concentrated on the LoS path and the single-hop NLoS paths.
· Since statistical clutter cannot provide target information and only serves as interference for target detection, we suggest modelling clutter only in the background channel.

	Lenovo
	
	In the above, the Tx-target and Rx-target “link”, and “concatenation” are not technically clear. A channel/link is defined between two points, and for an extended (multi-point scattering point) target, its not clear how the above proposal can be interpreted.

One suggestion is to limit the scope of the proposal to a point target and build from there: 

· For a target modelled as a single scatter point, the target channel of a target is modelled as concatenation of Tx-target link and target-Rx link


	Spreadtrum
	Yes
	

	Xiaomi
	Yes
	

	Nokia
	Further clarification is necessary
	In our view, this is an intuitive approach, but the coupling method of this concatenated approach needs further clarification.  Additionally, if the concatenated approach is applied, do we assume any correlation with the background channel as well.  It may be different to validate this channel modeling approach given that the Tx-target component of the channel is not likely to be observable by measurement.

	Samsung
	
	For the first sub-bullet, do we need to consider in channel modelling study? Because it seems one of options in evaluation stages. 
Meanwhile, if RAN1 discuss it in this study, the sensing mode need to be considered, as well. Because monostatic sensing can generate only one among Tx-Target link and Target-Rx link and then use reciprocity for remaining link, although bistatic sensing generate both Tx-Target and Target-Rx link.

	Moderator
	Based on the offline discussion, companies prefer to discuss LOS ray(s) and NLOS paths together. To avoid an exhausted list of all combinations, it is better to use concept of LOS condition or NLOS condition, which is similar concept as used in TR 38.901. 
Therefore, the following updated proposal is proposed for further discussions. 



[High] Proposal 5.1-2b:
· As a common framework for ISAC channel model, the following cases to model LOS ray(s) or NLOS paths in the Tx-target link and target-Rx link of the target channel of a target are considered

	Case
	Tx-target link
	Target-Rx link
	

	1
	LOS condition
	LOS condition
	Supported 

	2
	LOS condition
	NLOS condition
	Supported

	3
	NLOS condition
	LOS condition
	Supported

	4
	NLOS condition
	NLOS condition
	FFS



· In LOS condition, LOS ray(s) shall be modelled, NLOS paths can be modelled or disabled 
· FFS which deployment scenarios to model and which scenarios to disable
· In NLOS condition, NLOS paths shall be modelled
· FFS how to determined LOS condition and NLOS condition
· FFS: NLOS paths are modeled by stochastic clutter and/or environment object (EO)
· FFS maximum number of bounces from Tx to Rx, e.g., 2 or 3 or more
· Note: For discussion purpose, one stochastic clutter/environment object is considered as one bounce


[Moderators’ note] The following two options are the outcomes of the offline session at Monday. Further comments are welcome but better focus on the proposal itself.   

[High] Proposal 5.1-2c:
Option 1
· As a common framework for ISAC channel model, the following cases to model LOS ray(s) or NLOS ray(s) in the Tx-target link and target-Rx link of the target channel of a target are considered

	Case
	Tx-target link
	Target-Rx link
	

	1
	LOS condition
	LOS condition
	Supported 

	2
	LOS condition
	NLOS condition
	Supported

	3
	NLOS condition
	LOS condition
	Supported

	4
	NLOS condition
	NLOS condition
	FFS



· In LOS condition, LOS ray(s) shall be modelled, NLOS ray(s) can be modelled or disabled 
· FFS which deployment scenarios to model and which scenarios to disable
· In NLOS condition, NLOS ray(s) shall be modelled
· FFS how to determined LOS condition and NLOS condition
· FFS: NLOS ray(s) are modeled by stochastic clutter and/or environment object (EO)
· FFS maximum number of bounces from Tx to Rx, e.g., 2 or 3 or more
· Note: For discussion purpose, one stochastic clutter/environment object is considered as one bounce
· LOS ray: line of sight ray between Tx/Rx and target
· NLOS ray(s): non- line of sight ray between Tx/Rx and target

Option 2
· As a common framework for ISAC channel model, NLOS paths in target channel are modelled based on observation of sensing receiver only by choosing a set of channel clusters in the existing TR 38.901 generated Tx-Rx channel whose cluster delay are longer than the Tx-target-Rx delay and applying necessary update to the cluster parameters based on stochastic modelling and Tx/target/Rx geometry. 

	Company
	Yes/No
	Comments

	OPPO
	
	We would like to update Option 2 with a full picture of Tx-Rx channel modeling as following, where the aforementioned Option 2 is just a part in 3rd bullet for NLOS modeling in Htarget: 
------------
As a common framework of ISAC channel model, the Tx-Rx channel response is modelled from observation of sensing Rx only, as following: 
- Step-1: Use existing 38.901 model to generate a set (assumed as set Z) of channel clusters between sensing Tx and sensing Rx.  [This may also be a channel for zero-target case]
- Step-2: Any multipath that travels from Tx to Rx and only through deterministic-locating target[/EOs (if modeled)] is determined based on the deterministic Tx/Target[/EO]/Rx geometry. Assume all these deterministic paths construct a set A. For each path in set A,  remove one channel cluster in set Z with closest cluster delay. 
- Step-3: For each target (denoted as Targetx), choose a subset of channel clusters in set Z that have cluster delays longer than Tx-Targetx-Rx LOS delay, and apply necessary updates to these clusters’ parameters (e.g. angles) based on a statistic modeling, Tx/Targetx/Rx geometry and (if necessary) the LOS probabilities over Tx-Targetx link and Targetx-Rx link. Move this subset of channel clusters from set Z to set A. Do this for all targets. Now cluster set A can be used as a base to model Htarget.
- Step-4: Any remaining channel clusters in set Z (including a potential LOS ray between Tx and Rx) are used to model Hbackground. 
o  Any multipath that travels from Tx to Rx and only through deterministic-locating EO (if modeled) is determined based on the deterministic geometry of Tx/EO/Rx, and is added to set Z and replaces one cluster in set Z with closest cluster delay.
Note1: All non-deterministic multipaths in Htarget + Hbackground maybe further subject to cluster power normalization which counts all deterministic multipaths but does not change the cluster powers of these deterministic multipaths.
Note2: Depending on number of targets in a single Tx-Rx geometry, the total number of deterministic multipaths generated in Step-2 and Step-4 may exceed the total number of clusters generated by existing 38.901 in Step-1. This is the consequence of too many deterministic modeling objects that destroys the scenario characteristics. The remedy is either to limit the number of targets or to intentionally increase the total number of clusters in Step-1.  
---------------------
In our view, option 2 has at least the following benefits: 
· Keep commonality with existing 38.901 as much as possible to make it smoother to perform sensing SLS + communication SLS in a single evaluation. 
· Avoid difficulties in validation of models for individual Tx-Target link and Target-Rx link. 
· May avoid additional discussion and modeling algorithm for whether an EO (if modeled) impacts Tx-Target link or Target-Rx link.  
· Reduce computation complexity by not performing convolutions of channel responses. 

	OPPO2
	
	We further have following comment for Option 1 that models NLOS channel separately on Tx-Target link and Target-Rx link, which is used by quite a few companies for convolution of two channel response functions to obtain the overall channel response over Tx-target-Rx. Assume in Option 1 the channel response over Tx-Target link is , and the channel response over Target-Rx link is . A necessary condition to allow people running convolution of  and  is that each of paths on Tx-Target link travels along the same set of paths on Target-Rx link. However, this necessary condition can be hardly met, because different paths/rays on Tx-Target link may reach the target with different incident angles, then are scattered to different directions and further encounter different environmental objects (B) to observe different  {,, } when traveling from target to Rx. Then the question is: if the base of performing convolution is not there, does it still make sense to model channel responses separately on Tx-Target link and Target-Rx link? 

	CEWiT
	
	Support option 1

	Lenovo
	Option 3
	We think each proposal has some merits, but have some concerns for each of them. The two-segment channel modeling may lack sufficient accuracy, and lack of validation means. Since we don’t have measurements to separately observe Tx-target and target-Rx for each ray. The coupling of the incoming and outgoing rays will remain a question. Also, the set of scattering points at the target are not the same for the Tx-target and clutter-target paths at different angles, hence the target’s scattering points has to be modeled separately for each incoming path/angle. The above would be necessary if we aim at high consistency level of the target channel (with respect to timing, doppler, delay, angle) characteristics to a physical target. 
 
On the other hand, once we appreciate end-to-end modeling offered by OPPO, there may be no practical way to infer the target and clutter interactions in an end-to-end channel, based on the available 901. The 38.901 does not help us (for the end-to-end Tx-Rx channel) to model the target-clutter interaction, without a need for new validation. 
 
However, one useful observation is that the paths of Tx-clutter-target-Rx, since the clutter location/velocity is not known to the receiver, will lose their timing and doppler information, and the paths of Tx-target-clutter-Rx will lose all of delay/timing, doppler, angle information. The main informative factor for the clutter involved paths is the contained target energy. Hence, we don’t need to model those parts of the target channel that do not contain useful sensing information with the same statistical/deterministic accuracy, compared to the paths that inform the measurements on the target physical characteristics. 
 
Hence, as a way forward, we propose to model the Tx-target-Rx path with an end-to-end view, and model the clutter involved paths as a randomly-added distortion via the cascaded channel of Tx-target and target Rx. In particular, we propose the following (3rd option, or addition to option 1): 
 
 
Input: Given sensing Targets info, background/environment scenario [[and if modeled, the EOs ino]]
 
1. Generate set of background rays as given in 901 with no target [similar to OPPO’s proposal]
1. Identify the rays of the background channel impacted by a sensing target, remove the impacted ray from the background channel to the target channel rays [similar to OPPO’s proposal]
 
1. Add the single bounce Tx-target-Rx rays as an end-to-end single bounce target channel (in the absence of the rest of environment). [This part is not modeled via cascading Tx-target and target-Rx segmentation.]
 
1. approximate the Tx-clutter(s)-target-Rx and Tx-target-Clutter(s)-Rx and Tx-clutter(s)-target-clutter(s)-Rx as additive distortion channel generated via NLOS Tx-target and NLOS target-Rx segments via 901.  [similar to the cascaded channel calculation, the known PL formula can be used for each segment]
 
1. [[If EO is modeled, Add the Tx-EO-target-Rx and Tx-target-EO-Rx rays to the target channel]]

1. Apply blockage effect, if occurred [[by targets, by EO, if model, by clutters ]]

	Moderator
	The proposal from Chairman’s notes after Tuesday online
Proposal
Option 1
· As a common framework for ISAC channel model, tThe following cases to model LOS ray(s) or NLOS ray(s) in the Tx-target link and target-Rx link of the target channel of a target are considered for the study

	Case
	Tx-target link
	Target-Rx link
	

	1
	LOS condition
	LOS condition
	Supported 

	2
	LOS condition
	NLOS condition
	Supported for bistatic case

	3
	NLOS condition
	LOS condition
	Supported for bistatic case

	4
	NLOS condition
	NLOS condition
	SupportedFFS



· In LOS condition, LOS ray(s) shall be modelled, NLOS ray(s) can be modelled or disabled 
· FFS which deployment scenarios to model and which scenarios to disable
· In NLOS condition, NLOS ray(s) shall be modelled
· FFS how to determined LOS condition and NLOS condition
· FFS: NLOS ray(s) are modeled by stochastic clutter and/or environment object (EO)
· FFS maximum number of bounces from Tx to Rx, e.g., 2 or 3 or more
· Note: For discussion purpose, one stochastic clutter/environment object is considered as one bounce
· LOS ray: line of sight ray between Tx/Rx and target
· NLOS ray(s): non- line of sight ray between Tx/Rx and target

Based on further off offline among some companies, the following updated proposal is proposed from moderator. Please continue comments on the following updated proposal




[High] Proposal 5.1-2d: 
· 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 applicable for bistatic sensing mode
· At least Case 1/4 can be applicable for monostatic sensing mode
· Case 1/2/3 will be prioritized in the channel modelling
· 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).

	Company
	Yes/No
	Comments

	LGE
	
	We need the definition of LOS/NLOS condition, such as the original wording. Otherwise, e.g. LOS condition may be misunderstood as being LOS path only, though it was meant to allow both LOS and NLOS path.

	Qualcomm
	
	Same comment with LGE. The LOS condition should not be interpreted as being only LOS path. So, at a minimum the following is needed:
·  “LOS condition”   does not mean that only LOS ray(s) exist in the target channel. 

	Moderator
	The outcome of Tuesday offline session is captured in 5.1-2e which seems stable




[High] Proposal 5.1-2e: 
· 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 applicable considered for bistatic sensing mode
· At least Case 1/4 can be considered applicable 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

	Company
	Yes/No
	Comments

	LGE
	Yes
	We support the case 4 because it has impact on the probability of each case generation. Otherwise, for example, if Tx-target is NLOS, Target-Rx shall be LOS, which is not realistic and changes the probability of other cases generation.
Regarding the usefulness of the case 4 from the sensing perspective, we suggest to discard the resultant path based on the received power in comparison with a threshold. With this approach, the meaningless path will be naturally discarded without any impact on the case generation probability.

	Tiami Networks
	Yes
	

	AT&T
	
	Support the direction of the proposal

	Huawei, HiSilicon
	
	ok




The following agreement is made in Wed. online.
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


[Moderators’ note] Based on some offline discussions, let’s try to proceed this issue a bit further. Though different companies may have different solutions in mind, the views on deterministic modelling of LOS ray(s) for Tx-target-Rx link is quite aligned, while it is quite diverse on how to model NLOS ray(s). So the suggestion is to make two components. Companies are encouraged to comment on the following proposals. 

[High] Proposal 5.1-2-1: 
For case 1 (LOS condition for both TX-target and target-RX), the target channel is modelled as combination of the following components
· Component 1: 1 bounce path component including LOS ray(s) from Tx to target and LOS ray(s) from target to Rx
· The AoA, AoD, ZoA, ZoD, delay of the component 1 is modelled by the geometrical locations of TX, target and RX
· FFS the doppler and power of component 1
· Component 2: multiple bounces path component including NLOS ray(s) from TX to Target and/or target to Rx
· Further study the modelling of component 2, considering the following options:
· option 1: no component 2
· option 2: component 2 is modelled by stochastic clutters generated as in TR 38.901
· option 3: component 2 is modelled by EO
· option 4: combination of Option 2 and 3
· FFS maximum number e.g., 2 or 3 of bounces for component 2

	Company
	Yes/No
	Comments

	LGE
	
	Regarding the component 2, option 1 is not valid based on the definition of LOS condition in Proposal 5.1-2e. We prefer option 4 because if provides a full picture of every possibility in channel generation.
As commented in Proposal 5.1-2e, we prefer not to preclude every possible cases in channel generation stage, but prefer to discard negligible path e.g. based on the received signal power. At least, if EO is an object such as wall or ground, the bounces between EO and the sensing target cannot be ignored.

	Qualcomm
	
	For component 1, the doppler should also be modelled by the geometrical locations and velocities of the Tx, Target, and Rx. This should not be FFS.


	Tiami Networks
	
	Can we officially define the “bounces” as a Note? Is it simply the number of SCs/EOs in the target channel? 

	Huawei, HiSilicon
	
	For component 2, we think the intention should not go downselection since different scenario may consider some specific cases. 

Suggested:
For case 1 (LOS condition for both TX-target and target-RX), the target channel is modelled as combination of the following components
· Component 1: 1 bounce path component including LOS ray(s) from Tx to target and LOS ray(s) from target to Rx
· The AoA, AoD, ZoA, ZoD, delay of the component 1 is modelled by the geometrical locations of TX, target and RX
· FFS the doppler and power of component 1
· Component 2: multiple bounces path component including NLOS ray(s) from TX to Target and/or target to Rx
· Further study the modelling of component 2 for the corresponding applicable scenarios:, considering the following options:
· option 1: no component 2
· optioncase1- 21: component 2 is modelled by stochastic clutters generated as in TR 38.901
· option case1-23: component 2 is modelled by EO
· The maximum number of bounces for component 2 from Tx to Rx perspective is 2, i.e., 2 bounces corresponds to Tx-EO-target-Rx or Tx-target-EO-Rx.

· option 4: combination of Option 2 and 3
· FFS maximum number e.g., 2 or 3 of bounces for component 2
· case1-3: no component 2


	Moderator
	@LGE: Option 1 is for the use case of UAV in high sky. Assuming we know it has no NLOS rays, then simplified channel model can apply. In fact, so far the intention is to list options for Option 2. We can discuss later for the possible down-selection

@QC: we need one official agreement on doppler. Let’s currently put it in FFS. Since mobility is in SID, we should definitely support doppler, but micro doppler may need more discussions. 

@Huawei: as reply to LGE: intention now is to list options, so let’s keep all options open. 

@Tiami: revised



[High] Proposal 5.1-2-1a: 
For case 1 (LOS condition for both TX-target and target-RX), the target channel is modelled as combination of the following components
· Component 1: 1 bounce path component including LOS ray(s) from Tx to target and LOS ray(s) from target to Rx
· The AoA, AoD, ZoA, ZoD, delay of the component 1 is modelled by the geometrical locations of TX, target and RX
· FFS the doppler and power of component 1
· Component 2: multiple bounces path component including NLOS ray(s) from TX to Target and/or target to Rx
· Further study the modelling of component 2, considering the following options:
· option 1: no component 2
· option 2: component 2 is modelled by stochastic clutters generated as in TR 38.901
· option 3: component 2 is modelled by EO
· option 4: combination of Option 2 and 3
· FFS maximum number e.g., 2 or 3 of bounces for option 3 or 4 in component 2
· Note: the number of bounces equals to the number of objects in a path between Tx and Rx. For example, for path Tx-target-EO-Rx, the number of bounce is 2.

	Company
	Yes/No
	Comments

	Tiami Networks
	Yes
	

	Moderator
	There are several versions of the revised proposal. All of them are captured for reference




[High] Proposal 5.1-2-1a: -revised
For case 1 (LOS condition for both TX-target and target-RX), the target channel is modelled as additive combination of the following components
· Component 1: 1 bounce path component only including LOS ray(s) from Tx to target and LOS ray(s) from target to Rx
· The AoA, AoD, ZoA, ZoD, delay of the component 1 is modelled by the geometrical locations of TX, target and RX
· FFS the doppler and power of component 1
· Component 2: multiple bounces path component including NLOS ray(s) from TX to Target and/or NLOS ray(s) from target to Rx
· Further study the modelling of component 2, considering the following options:
· option 1: no component 2
· option 2: component 2 is modelled by stochastic clutters generated as in TR 38.901
· option 3: component 2 is modelled by EO
· FFS modelled by EO type-1 and/or EO type-2
· option 4: combination of Option 2 and 3
· FFS maximum number e.g., 2 or 3 of bounces for option 3 or 4 in component 2each option
· Note: the number of bounces equals to is defined as the number of objects in a path between Tx and Rx. 
· For example, for path Tx-target-EO-Rx, the number of bounce is 2.
· For example, for path Tx-target-stochastic clutter-Rx, the number of bounce is no less than 2.
· For example, for path Tx-target-Rx, the number of bounce is 1.
· FFS how to model a target which is in the line from Tx to Rx


[High] Proposal 5.1-2-1b: -[ACTIVE]
for a pair of Tx and Rx, 
· For LOS condition case 1, at least a path including LOS ray(s) from Tx to target and LOS ray(s) from target to Rx is modelled
· The following options are considered to model NLOS paths
· Option 1: not modelled
· Option 2: component 2 is modelled by stochastic clutters generated as in TR 38.901
· Option 3: component 2 is modelled by EO
· FFS modelled by EO type-1 and/or EO type-2
· Option 4: combination of Option 2 and 3
· FFS how to model a target which is in the line from Tx to Rx


[High] Proposal 5.1-2-1c:
· The following options are considered 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 example, Option 1 to model LOS ray(s) from Tx to target and from target to Rx, and option 2 for other paths


The following agreement is made at Friday online session.
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


Issue 5.1-3
[Moderators’ note] Though there is no agreement on modelling NLOS multipath in target channel yet, the moderator thinks it is beneficial to check the way for converge in parallel with discussion of Proposal 5.1-2, since modelling NLOS gets a clear majority support. Both modelling NLOS by stochastic clutter or EO gets large support. The number of supporting companies on modeling stochastic clutter is a bit higher. Therefore, companies are encouraged to provide views on the following proposal. 

[High] Proposal 5.1-3:
· if NLOS multipaths are modeled in target channel, 
· Stochastic clutters are modeled in the Tx-target link and/or target-Rx link
· EO can be optionally modelled in the Tx-target link and/or target-Rx link
· FFS details on EO modeling

	Company
	Yes/No
	Comments

	ZTE
	
	[bookmark: OLE_LINK4]I suppose this proposal is for geometry-based stochastic channel model in section 7 of TR 38.901. 
It is better to discuss use case by use case. From our view, the first bullet can be applicable for all use cases. However, for the second one, we think it is more like map-based modeling. 

· if NLOS multipaths are modeled in target channel for geometry-based stochastic channel model in section 7 of TR 38.901, 
· Stochastic clutters are modeled in the Tx-target link and/or target-Rx link
· FFS EO can be optionally modelled in the Tx-target link and/or target-Rx link for certain use cases
· FFS details on EO modeling


	Huawei, HiSilicon
	
	Based on our measurement and simulation observation, the EO substantially affect the sensing performance for the rich environment, e.g. vehicle detection in the urban grid scenario.
Considering the stochastic clutters between Tx and Rx would be modelled anyway, the stochastic cluster in the Tx-target link and/or target-Rx link does not need to be separately modelled, since even though modelled the NLOS clusters need to be coupled for two links to generate the E2E model anyway. 
Overall, we suggest as follows:
· If NLOS multipaths are modeled in target channel
-	EO and the interaction between the EO and the sensing target is modelled in the Tx-target link or target-Rx link.


	EURECOM
	
	NLOS multipaths are modelled by stochastic cluster

	OPPO
	No
	For the reasons we provided for P5.1-2, we do not support the proposal assuming separate modeling of Tx-Target link and Target-Rx link. However, we support the following modification. 

· if NLOS multipaths are modeled in target channel, 
· Stochastic clutters are modeled in the Tx-target link and/or target-Rx link in NLOS multipath modeling
· FFS whether EO can be optionally modelled in the Tx-target link and/or target-Rx linkin NLOS multipath modeling
· FFS details on EO modeling

	vivo
	
	From the perspective of channel modeling, there is no difference between target and EO. Therefore, the NLOS multipaths for target or EO should be equally modeled. We are fine with the way of stochastic clutters. However, whether to model the interaction path between target-target, target-EO, or EO-EO could be optional.

	Tiami Networks
	Yes
	

	Ericsson
	
	We have following suggestions.
· Change wording form “NLOS multipaths are” to “multipath is”
· Add a bullet: Geometric clutter is modeled in the Tx-target link and/or target-Rx link


	Apple
	Yes
	

	InterDigital
	
	We need an agreement on what to model for EO first.

	CATT/CICTCI
	 
	Further study is needed for EO , but no need to model interaction between EO

	BUPT
	
	We think it is necessary to model NLOS multipaths in the Tx-target link and target-Rx link based on the measurement results [R1-2402708]. Moreover, since statistical clutter cannot provide target information and only serves as interference for target detection, we suggest modelling clutter only in the background channel.

	Spreadtrum
	
	For the second sub bullet, we are not sure what the ‘optionally’ means here. For the same use case, do we allow different modeling methods among different companies? 

	Xiaomi
	Yes
	In our view, whether EO can be optionally modelled in the Tx-target link and/or target-Rx link is related to EO type. Type-1 EO (An EO may have comparable shape/size as a sensing target, e.g., human, vehicle, UAV, AGV, etc.) can be modelled same way as sensing target, and type-2 EO (An EO may have extremely large size, e.g., a wall, building, ground, etc.) might be modeled different from sensing target.
If interaction between sensing targets is not modelled (as discussed in proposal 5.1-6), the interaction between sensing target and type-1 RO should also not be modelled.  Thus, we have the updated proposal
· if NLOS multipaths are modeled in target channel, 
· Stochastic clutters are modeled in the Tx-target link and/or target-Rx link
· FFS: whether EO can be optionally modelled in the Tx-target link and/or target-Rx link
· FFS details on EO modeling
· FFS EO type

	Intel
	
	In general fine, but this proposal relies on above definitions, which need to be agreed first.

	Nokia
	Further clarification may be needed
	We agree that at least  stochastic clutter is modeled in the target channel, but it is not clear if EO will be optionally modeled, and this may dependent on whether target-like and/or non-target-like EOs are included.

	Samsung
	
	We didn’t study whether EO have dominant or less influence on sensing target channel yet. Therefore, we consider that stochastic clutter and EO should be considered in parallel
In addition, the meaning of optional modelling seems need to be clarified. Does it means depending on deployment scenario or sensing mode? Or depending on channel model user?

	LGE
	
	We agree with Xiaomi that the type-2 EO can only interact with the sensing target in NLOS paths. The reflected signal power with the interaction between the sensing target and the type-1 EO will be significantly low, so it can be neglected in Rx side.

	SONY
	
	We need clarification on the “optionally” in the second bullet. Does it mean the deployment of EO-related components in Tx-Target link is dependent of the use case, e.g., only model EO in Tx-Target link in some specific scenarios.

	Moderator
	General speaking, companies have different view regarding support of EO type-1 or type-2 or both. So, let’s still try if we can compromise to support both. 

@Xiaomi, I now include your comments on FFS EO type

I add the condition suggested by ZTE in the main bullet. Companies are encouraged to provide views on the updated proposal




[High] Proposal 5.1-3a: -[ACTIVE]
· if NLOS multipaths are modeled in target channel for geometry-based stochastic channel model in section 7 of TR 38.901, 
· Stochastic clutters are modeled in the Tx-target link and/or target-Rx link
· EO can be optionally modelled in the Tx-target link and/or target-Rx link
· FFS details on EO modeling
· FFS EO type(s) to be modeled for a scenario
· Note: EO types are defined in Proposal 5.1-1a

	Company
	Yes/No
	Comments

	Huawei, HiSilicon
	
	We have concern to have ‘optionally’ modelled for EO. It still depends on the scenario, for urban grid, it is not optional rather should be mandatory to solve the ‘ghost target’ issue. 

	
	
	

	
	
	




Issue 5.1-4
[Moderators’ note] Again, let’s collect companies’ preference on exact way to model EO. Companies are encouraged to provide views on the following proposal. 

[High] Proposal 5.1-4: 
· Up to 2 bounces for a multipath between sensing Tx and sensing Rx can be modeled in the target channel
· Note: if stochastic clutter (SC) is modeled in target channel, one or both links of Tx-SC-Target-Rx and Tx-Target-SC-Rx can be explicitly modeled

	Company
	Yes/No
	Comments

	ZTE
	No
	If stochastic modeling is used to model NLOS link, e.g. Tx-SC-Target-Rx, then it does not matter how many bounces. We suggest deprioritize this proposal. 

	Huawei, HiSilicon
	
	This proposal makes more sense for the case of EO and the interaction is modelled. 
Suggested revision as:
· Up to 2 bounces for a multipath between sensing Tx and sensing Rx can be modeled in the target channel
· Note: if stochastic clutter (SC) EO is modeled in target channel, one or both links of either Tx-SCEO-Target-Rx and or Tx-Target-SCEO-Rx is can be explicitly modeled


	EURECOM
	Yes
	

	OPPO
	No
	We though the number of bounces should only count deterministic objects such as targets and deterministic EOs. We do not quite understand why “SC” should be involved here, given the definition of “SC” is “non-target objects (scatters) that are generated as cluster generation in TR 38.901” --- 38.901 does not assume up to 2-bounce in multipath modeling. 
If the number of bounce counts targets/objects with deterministic locations, we think “up to 1” is enough for target channel. 

	Qualcomm
	comment
	We prefer to agree first that no more than 2 will be modelled, FFS whether it will be up to 1 bounce or 2 bounces. We don’t think the subbullet is really needed before downselecting. Therefore, this is our alternative: 

· With regards to the multi-bounce modeling,  between sensing Tx and sensing Rx downselect between the following alternatives:
· Alt. 1: Up to 1 bounce is modelled
· Alt. 2: Up to 2 bounces can be modeled. 
Note: bounces from target and EO should be handled in the same manner

	vivo
	Yes
	

	New H3C
	Yes
	

	Tiami Networks
	
	The goal of the sub-bullet is unclear to us. 

	Ericsson
	No
	Definition of bounce is not clear to us, e.g., whether it includes the reflection off the target, whether it is only limited to reflection from geometric clutter and/or environment objects. In addition, if stochastic clutter is considered, it is impossible to count its number of bounces.
It is premature to limit the number of reflections for the two links until more measurement results are available.

	Apple
	Clarification
	· Does this mean we can have a maximum of 1 SC/EO in between the Tx-target and target-Rx ? or does this mean that (as Ericsson says) this includes the reflection off the target ? 
· If up to two reflecting objects (in addition to the target), are they always in the separate Tx segments or can you have two objects .e.g. between the target and Rx (or vice versa) ?
· On the note, why is it limited only to SC ?

	CATT/cictci
	NO
	Oppose model two bounce.

	BUPT
	
	· Based on the measurement result in our proposal [R1-2402708], we agree that up to 2 bounces for a multipath between sensing Tx and sensing Rx can be modeled in the target channel.
· SC is statistical and does not have the concept of bounces. We suggest modeling NLOS paths in the target channel with up 2 bounces using EO.

	Lenovo
	Yes, with clarification
	When 901 is used to model impact of stochastic clutter, the number of bounces is not necessarily upper-bounded. Hence, we can keep the limitation of the number of bounces for explicit modeling of the target/EU/clutters. Hence, the following suggestion: 
· Up to 2 bounces for a multipath between sensing Tx and sensing Rx can be explicitly modeled in the target channel

	Spreadtrum
	
	This proposal depends on whether to model EO with known location, and whether to support bouncing between sensing targets.

	Xiaomi
	
	In our view, this proposal can be used for the clarification of two issues of NLOS multipath model of target channel: 
Issue 1: If EO is modeled in target channel, EO cannot be both model in Tx-target and target-Rx, i.e., Tx-EO-Target-Rx and Tx-Target-EO-Rx can be modelled, Tx-EO#1-Target-EO#2-Rx should not be explicitly modeled.
Issue 2: if stochastic clutter (SC) is modeled in target channel, one or both links of Tx-target and target-Rx can be in NLOS state.
Thus, we have the following updates.

· If EO is modeled in target channel, EO cannot be both modeled in Tx-target and target-Rx links, i.e., Tx-EO-Target-Rx and Tx-Target-EO-Rx can be modelled, Tx-EO#1-Target-EO#2-Rx should not be explicitly modeled.
· If stochastic clutter (SC) is modeled in target channel, one or both links of Tx-target and target-Rx can be in NLOS state should be FFS.

	Intel
	
	We think the model may be defined for arbitrary number of bounces N, while the common setting of N=2 may be priorities further for evaluation.

	Nokia
	No
	In our view, this agreement may not be needed.  In legacy TR 38.901, the number of bounces is not modeled, but only the observed clusters incident on the Rx aperture.

	Samsung
	
	We consider that the maximum number of bounces should be defined according to measurement results. We don’t know how much impact from bounces yet. And also, how to count the stochastic clutter from bounce perspective need to be discussed, as well

	LGE
	
	We’re fine with up-to 2 bounces in reflection. But we don’t support the interaction between ST and the stochastic channel, of which the signal power will be significantly low, so that it can be ignored. We’re fine with the latest FL proposal update.

	MTK
	
	It seems that the motivation of this proposal is related with EO. Thus, the note bullet is not needed.

	SONY
	
	In proposal 5.1-3 we just discussed the possibility of having stochastic clusters in both Tx-Target link and Target-Rx link. We think this will also implicitly support a Tx-SC-Target-SC-Rx (3bounce) link, which is contradicted to proposal 5.1-4. We suggest to either discuss the 5.1-3 first, or we clarify this particular link as exception in this proposal.

	Moderator
	E//, Samsung comment that measurement results are necessary to validate the maximum number of bounces, while BUPT did submit measurement results showing modeling maximum 2 bounce is sufficient. 
The proposal is revised based on comments from Huawei, Xiaomi. Companies are encouraged to provide views on the updated proposal



[High] Proposal 5.1-4a: -[ACTIVE]
· Up to 2 bounces for a multipath between sensing Tx and sensing Rx can be modeled in the target channel
· If EO is modeled in target channel, the applicable paths include: Tx-EO-Target-Rx and Tx-Target-EO-Rx can be modelled.
· Note: iIf stochastic clutter (SC) is modeled in target channel, the applicable paths include one or both links of Tx-SC-Target-Rx and Tx-Target-SC-Rx can be explicitly modeled
	Company
	Yes/No
	Comments

	
	
	

	
	
	

	
	
	



Issue 5.1-5
[Medium] Proposal 5.1-5: 
· If EO is modelled, the following options for EO modeling are identified for further study, 
· Option 1: EO is modeled in the same way as a sensing target including a simplified version of sensing target (referred as Type-1 EO)
· Option 2: EO can be modelled different from a sensing target, e.g., as a reflective surface (referred as Type-2 EO)
· Option 3: EO is determined from a stochastic clutter generated following the cluster generation in TR 38.901 (referred as Type-3 EO)

	Company
	Yes/No
	Comments

	ZTE
	
	We support Option 3.  However, we think EO location is not needed to be known in this option which is not aligned with the proposal 5.1-1. 
Option 2 can be reflected by map-based hybrid modeling. 
Option 1 will cause unaffordable complexity for stochastic simulation. For example, both orange and blue links may be modeled even for one sensing target per Tx/Rx pair. It is noted that, the link for multiple Tx/Rx pairs for this sensing target should be modeled as well. In the final simulation, there are many sensing targets dropped in the simulation area. Hence, the final channel dimensions should be [Num_targets, Num_Rx/Tx pars, orange/blue links, Num_Tx_antenna, Num_Rx_antenna, Num_slots]. 
[image: ]



	Huawei, HiSilicon
	
	Based on our measurement and simulation observation, the EO model the main component in the propagation channel, e.g. a wall, building, ground, which show the reflection characteristic mostly.
With the motivation of modelling EO, the EO location should be known and unchanged during the entire simulation, so option3 should be ruled out. 

	OPPO
	
	Option 1 seems to be conflict to P5.1-6, which says “The interaction between sensing targets is not modelled”.

	Qualcomm
	Yes
	Our preference is Option 1. with the further addition that the use of simplifications for this purpose is not restricted to EO but may be applied for target objects as well

	vivo
	
	We prefer Option 1. As we mentioned before, from the perspective of channel modeling, there is no difference between target and EO. We suggest the following wording:
EO is modeled in the same way as a sensing target. The simplification of the channel modeling for EO can be realized by the channel parameter setting, e.g., a small number of rays for each path, and RCS with single point.

	Tiami Networks
	Yes
	Isn’t Option 3 in contrast to the EO’s definition, i.e., “EO is a non-target object with known physical characteristics, e.g., location”? 

	Ericsson
	No
	Please check our response to Proposal 5.1-1.

	CMCC
	Yes
	Option 3 is a general method can be easily achieved by the present model and scenario deployments.

	Apple
	
	This should depend on the use case e.g. if indoors with a mirror like wall, then Option 2 may be appropriate. If outdoors in an SLS, then Option 3 or Option 1 might be appropriate.

	Catt/cictci
	OK
	

	BUPT
	
	· Regarding the modeling of EO, we think that it requires location information. However, to balance model complexity, EO shouldn't be overly complex.
· Generating EO based on statistical cluster is also a feasible approach, and this would necessitate reverse generation of EO locations through TR 38.901 parameters.

Proposal 6: Two options for determining the environmental objects can be considered: 
· Option 1: Based on the cluster parameters generated by TR 38.901, 
· Option 1.1: Calculating the positions of single-hop objects based on cluster delays and departure angles (AoD/ZoD).
· Option 1.2: Calculating the positions of single-hop objects based on cluster delays and arrival angles (AoA/ZoA).
· Option 1.3: Calculating the positions of single-hop objects based on both cluster delays and departure angles (AoD/ZoD), as well as cluster delays and arrival angles (AoA/ZoA). Then, eliminate some unreasonable object positions.
· Option 2: Based on the specific distributions, and the exact scattering method needs to be discussed.

	Spreadtrum
	
	· We should decide whether to support EO modeling. Regarding this issue, we slightly prefer option 1.

	Xiaomi
	Yes
	Option 1 can be baseline/start point for ISAC channel model.
Option 3 gives the location determination methods of type-3 EO. However, how to model type-3 EO is not discussed.

	Nokia
	
	Preference for option 1, although this approach is not consistent with all varieties of EOs included in 5.1-1.

	Samsung
	
	As we mentioned Option 2 related one in Proposal 5.1-1, the Option 2 need to be discussed more.

	LGE
	
	We support option 1 and 2 only.

	Moderator
	Referring that many companies want to discuss the modelling for the following EOs
· An EO may have comparable shape/size as a sensing target, e.g., human, vehicle, UAV, AGV, etc. 
· An EO may have extremely large size, e.g., a wall, building, ground, etc.
Therefore, a connection between such definitions on EO and Proposal 5.1-4 is proposed. Companies are encouraged to provide views on the updated proposal 



[High] Proposal 5.1-5a:
· If EO is modelled in target channel, the following options for EO modeling are identified for further study, 
· Option 1: EO is modeled in the same way as a sensing target including a simplified version of sensing target (referred as Type-1 EO model 1)
· Applicable for EO type-1
· Applicable for EO type-2
· Option 2: EO can be modelled different from a sensing target, e.g., as a reflective surface (referred as Type-2 EO model 2)
· Applicable for EO type-2
· Option 3: EO is determined from a stochastic clutter generated following the cluster generation in TR 38.901 (referred as Type-3 EO model 3)
· 

	Company
	Yes/No
	Comments

	Huawei, HiSilicon
	
	ok

	Moderator
	After Thu offline




[High] Proposal 5.1-5b: 
The following options for EO modeling are identified for further study if EO is modeled
· Option 1: EO is modeled in the same way as a sensing target or a simplified version of sensing target 
· Applicable for EO type-1 (e.g., human, vehicle, UAV, AGV, etc.)
· FFS Applicable for EO type-2 (e.g., a wall, building, ground, etc.)
· Option 2: EO is modelled different from a sensing target, 
· Applicable for EO type-2 (e.g., a wall, building, ground, etc.)
· FFS how is EO modeled, e.g., similar to section 7.6.8 ground reflection in TR 38.901
· Option 3: EO location is determined from a stochastic clutter generated following the cluster generation in TR 38.901
· Note: it is not precluded that multiple options can be supported in the channel modelling


[Moderator’s note] After online discussion and further offline discussion at Thu.

[High] Proposal 5.1-5c: 
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 if EO is modeled
· Option 1:  impacts onbyEO is modelled different from a sensing target 
· Applicable for an EO having extremely large size. (referred as EO type-2 for discussion purpose) 
· FFS how EO is modeled, e.g., similar to section 7.6.8 ground reflection in TR 38.901FFS 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: impacts on byEO is modeled same/similar way as a sensing target or a simplified version of sensing target 
· Applicable for an EO having comparable physical characteristics as a sensing target, human, vehicle, UAV, AGV, bird, animal, etc.(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
· Note: EO is used to represent at least unintended object from SID


The following agreement is made at Friday online session.
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


Issue 5.1-6
[Moderators’ note] Interaction between different targets was discussed by several companies. Since it is a key aspect to be clarified on ISAC channel model, companies are encouraged to provide views on the following proposal.

[High] Proposal 5.1-6:
· Multiple targets can be modelled in one ISAC channel between a pair of sensing Tx and sensing Rx
· The interaction between sensing targets is not modelled

	Company
	Yes/No
	Comments

	ZTE
	
	It is also possible that one sensing target is detected by serve pairs of Tx and Rx. This will be useful for multi-TRP coordination. This is our suggestion:

· 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.
· The interaction between sensing targets is not modelled


	OPPO
	
	We would like to see some wording to limit the number of targets between a pair of Tx/Rx. 
The 2nd bullet is not clear to us. What does “interaction” refer to? e.g., 
· does “interaction” include “spatial consistency”? We hope not.
· Which one of the following is the correct understanding?  
· The more the number of targets, the lower the overall pathloss between Tx/Rx (i.e., the stronger the Rx signal, assuming no normalization among multipath between Tx/Rx) or
· The more the number of targets, the weaker the sensing signal for each target (assuming normalization among multipath between Tx/Rx)? To be noted, the cluster power normalization (at least for NLOS multipaths) already creates a form of “interaction” among sensing targets, because the cluster power related to one target may impact the cluster power related to another target.   
We also support the bullet added by ZTE for multi-static sensing. 

	Qualcomm
	Yes
	

	vivo
	
	We are fine with “multiple targets can be modelled in one ISAC channel between a pair of sensing Tx and sensing Rx”. Whether to model the interaction in between is up to the LOS condition.

	Tiami Networks
	Yes
	What do we mean by interaction here?

	Ericsson
	
	Multiple targets of the same type are modelled in one ISAC channel. 
In addition, zero targets should also be modelled. As discussed in the multi-company contribution, R1-2403107, the following enhancements/modifications to the existing RAN1 propagation channel model provided in TR 38.901 has been identified.
· Channel Model Construction under binary hypothesis
· For evaluating object detection and tracking the channel model must capture wireless signal propagation between a transmitter and receiver under alternative hypotheses whether a target(s) is present to be detected by a signal propagating through that channel or whether there is no target present.


	CMCC
	
	The interaction between sensing targets should be clarified. Does the spatial consistence of multiple targets links include in the “interaction” ?

	Moderator
	@ZTE: Thanks and will add your new bullet

@OPPO, CMCC: By ‘interaction’, the proposal is not about power normalization, but simply to clarify if a multipath between two targets should be modeled or not. Hope this clarifies. 

Please continue discussion based on the following updated version



[High] Proposal 5.1-6a: -[ACTIVE]
· 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
· The interaction between sensing targets is not modelled

	Company
	Yes/No
	Comments

	Apple
	
	Would like clarification on the evaluation methodology this is needed for. Is this more for an LLS or an SLS evaluation? What kind of use case will we be evaluating in this case ?

	InterDigital
	
	What is the intention of modeling multiple targets?

	Catt/cictci
	NO
	Unnecessary complication .

	BUPT
	
	Given the complexity of the model, we suggest that multipaths between multiple targets should not be considered.

	Lenovo
	
	In the vehicular sensing scenarios in a highway, one target (vehicle) can block the other car (on the same line). The blockage effect of target by another target needs to be modeled

	Spreadtrum
	Yes
	

	Xiaomi
	
	We are generally fine with the proposal.  Since type-1 EO use same model as sensing target, if the interaction between sensing targets is not modelled, the interaction between type-1 EO and sensing target should also be not modeled.

	Intel
	
	“Zero, one, or multiple targets” may better reflect the discussion,

	Nokia
	
	Possibly too early to agree on this.  If target-like EOs are incorporated in channel model, it may be possible to model other sensing targets as EOs.

	Samsung
	
	One question for clarification. Let me consider sensing target #1, #2 and #3 for multiple targets. For example, from target #1 detection perspective, target #2 and #3 can be considered in background channel for target #1? Or the sensing targets for multiple target detection does not be considered as EO in background channel?

	LGE
	
	We’re generally fine with FL proposal.

	MTK
	
	Regarding the newly added second bullet, it seems further clarification is needed. Does it will impact the channel modelling mechanism.





Components of background channel 
	Company
	Views

	Huawei
	Observation 3: The propagation path(s)between Tx/Rx and sensing target in either link of Tx-target or target-Rx is not necessarily modelled if the interaction is stochastic. After coupling the NLOS stochastic clusters of the two links, the propagation properties are equivalent to the NLOS clusters following TR 38.901 being modelled between Tx and Rx.
Proposal 5: With the background component between Tx and Rx modelled in a stochastic manner, no need to further model the propagation path(s) between stochastic clusters and the sensing target for either link of Tx-target or target-Rx.

	Spreadtrum
	Proposal 12: The background channel is generated following the existing stochastic channel model in TR 38.901.


	vivo
	Observation 2: 	For background channel component, the LOS ray between the sensing Tx and Rx, and the link passing through the environment object can assist the improvement of sensing performance.
Observation 3: 	The modeling of environmental object can improve the channel modeling accuracy but may change the statistical characteristics of the channel and increase the modeling complexity.
Proposal 5: 	LOS/NLOS propagation between the sensing Tx and Rx determined based on the LOS probability should be considered in background channel component.
Proposal 6: 	In background channel component, clutters should be modeled by reusing TR38.901 procedure, and environment object should keep the channel modeling as simple as possible.

	E//
	Observation 7	The background channel might be the sum of two terms: one stochastic background channel and one geometric background channel.
H_background = H_stochastic + H_geometric
Proposal 1	The stochastic part of H_background can be modelled using TR38.901 for the BS—UT link.
Proposal 2	The geometric part of H_background can be modelled in the same way as H_target is modelled.
Observation 8	TR38.901 does not define any stochastic part of H_background for monostatic links.
Observation 9	TR38.901 does not define any stochastic part of H_background for BS--BS links.
Observation 10	TR38.901 does not define any stochastic part of H_background for UT--UT links.
Proposal 3	Investigate how to model monostatic, BS—BS and UT—UT links.

	Intel
	[bookmark: _Hlk162873930]Proposal 1
·  is modelled by two sub-components: the environment stochastic component  and the clutter (or significant non-target) component , with the latter being modelled in the same way as the target channel:
.


	OPPO
	Proposal 2: For the modeling of Hbackground, 
· If environmental object {E} is agreed to be modeled, RAN1 takes one of following two alternatives: 
· Alt-1: The modeling of {E}-related LOS path (one-hop “Tx -> {E} -> Rx”)  and NLOS paths (“Tx -> {E, {B}} -> Rx”) follows the same path modeling methods as in Proposal 1 for sensing target . 
· Alt-2: The modeling of {E}-related LOS path (one-hop “Tx -> {E} -> Rx”)  and NLOS paths (“Tx -> {E, {B}} -> Rx”)  is an additional feature of ISAC channel model, with different modeling methods from the ones for sensing target. 
· The NLOS paths of “Tx -> {{B}} -> Rx” are modeled according to TR38.901. 
· All paths modeled in Proposal 1 and all other paths modeled in Proposal 2 are not double-counted in the model of “Tx -> {{B}} -> Rx”. 


	CATT
	Proposal 7	For the background channel, only clutter needs to be modeled.
Proposal 15	For background channel, the small scale fading can be modeled as clutter based on the model in existing TR 38.901 as staring point.
Proposal 16	For background channel, modeling of TRP-TRP and UE-UE direct links need to be considered.

	Samsung
	Proposal 10: RAN1 to study the following options for background channel modelling: 
Option #1. Environment object only 
Option #2. Clutter only
Option #3. Environment object + clutter
Option #4. Condition based Option #1/Option #2/Option #3 depending on sensing scenario and/or sensing modes and/or frequency range
Observation 6: The identified clusters derived from\the channel model in TR 38.901 is hard to be justified in terms of the positions and scattering characteristics
Observation 7: The deterministic model for environment objects may be hard to generalize all the scenarios and may suffer high implementation complexity
Proposal 11: Three options for small scale modelling with different implementation complexity need to be studied considering the modelling complexity, accuracy, and sensing performance if Alt.2. with pre-setting positions/number/RCS/mobility of environment objects is selected
Observation 8: Clutters from different sensing environment have different amplitude and power spectrum density distribution 
Proposal 12: Consider the clutter models from radar fields and study the necessary adaptive modifications for ISAC channel modelling


	CMCC
	Proposal 9: The background channel can be generated by TR 38.901, at least for bi-static mode. For mono-static mode, how to model the background channel can be further discussed.


	ZTE
	Proposal 11: For environment channel modelling, the generation mechanism of TR 38.901 can be reused at least for bi-static sensing modes. 
· FFS: How to modify the details for mono-static mode


	BUPT
	Proposal 11: The small-scale fading of the background channel needs to be modeled.
· The statistical small-scale parameters defined in TR 38.901/36.777/37.885 can be reused for background channel clutter in bi-static sensing, but are not suitable for mono-static sensing. 
· Further measured results are required for background channel clutter in mono-static sensing.
Proposal 12: Due to the multiplexing of hardware resources and the same propagation environment, the target and the background channels should exhibit the sharing/coupling feature.
[bookmark: _Hlk162861538]Proposal 13: The sensing background channel, including clutter and environmental objects, should overall adhere to the statistical properties outlined in TR 38.901.


	Apple
	Proposal 19
· For the bi-static sensing
· Option 1 (priority 1): The background channel is generated following the existing stochastic channel model in TR 38.901.
· Option 2: Background channel based on ray-tracing.
· Option 3: Combination of both (like the 3GPP TR38.901 hybrid channel model)
· For Mono-static sensing
· Option 1 (priority 1): Similar to bi-static sensing
· Option 2: As additional interference in receiver


	IDC
	Proposal 12: Background channels are modeled via a stochastic approach and environment object(s), i.e., object(s) with known location is not considered in the stochastic background channel


	Xiaomi
	[bookmark: _Ref163226712]Proposal 6: For the background channel of ISAC channel model, support to model the background channel by clutter (TR 38.901) or introducing EO.

	MTK
	[bookmark: _Ref159168221]Proposal 15: For ISAC background channel modelling, two channel types are defined: environment object and random clutter.
· environment object: object(s) with known location, and modelling method is similar with the target modelling, the difference is environment object is static in the whole simulation.
· random clutter: object(s) with known location, and it can be modelled using the stochastic mechanism of the TR 38.901 procedure


	Lenovo
	[bookmark: _Toc163213619][bookmark: _Toc163213396]Observation  3. The deterministic generation of the background/environment channel leads to both a higher modelling computational complexity and also a larger study effort, as the available modelling procedures of [1, Subsection 7.5] cannot be used. 
[bookmark: _Toc163213833][bookmark: _Toc163213464]Proposal 16. Prioritize the Option 1 of ray cluster generation and associated cluster parameters based on a statistical distribution for the generation of background/environment channel.


	Sharp
	Proposal 10: For bi-static sensing mode background channel can be generated using the communication channel in TR 38.901. For mono-static mode further discussions are needed on generating the background channel as TR 38.901 is inapplicable (this can be deprioritized for now).


	CT
	Proposal 8: Support to model the background channel in the stochastic ISAC channel model with stochastically generated clutters.


	Panasonic
	Proposal 3	The background channel model can be based on the existing TR 38.901 for bistatic sensing modes. 



[Moderator’s note] Only to ease the discussion, the figure used in last meeting discussion is further elaborated as below
[image: ]
Summary on company views
Most contributions discuss the model of stochastic clutter or EO in the background channel. Accordingly, 3 options are discussed by the companies. 
· Option 1: Stochastic clutter only as TR 38.901
· Supported by HW, Spreadtrum, OPPO, CATT, CMCC, ZTE, Apple, IDC, Lenovo, Sharp, CT, Panasonic
· Option 2: Explicit modelling of environment targets 
· Supported by Apple 
· Option 3: Combination of Option 1 and 2
· Supported by vivo, Xiaomi, Intel, E//, OPPO, BUPT, Apple, MTK
· Option 4: clutter models from radar fields
· Supported by Samsung

E//, Intel, Xiaomi, vivo propose that EO is modelled in the same way as sensing target (i.e., Type-1 EO), if EO is modelled in background channel 

HW, OPPO proposes that the impact of a stochastic clusters (e.g., B2/B3) in the Tx-target and/or target-Rx can be modelled as clusters (B) in the background channel. 


Issue 5.2-1
[Moderators’ note] All inputs are generally fine with modelling stochastic clutters in background using the cluster generation defined in TR 38.901. Still a number of companies are supportive or open to model EO in the background channel. Companies are encouraged to provide views on the following proposal. 
[High] Proposal 5.2-1: -[ACTIVE]
· 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

	Company
	Yes/No
	Comments

	ZTE
	
	Only agree with the first bullet. 
We disagree to model EO in the background channel. Since it does not impact sensing detection for the target, stochastic clutters are sufficient.
If EO is also modeled in deterministic way, it is actually map-based hybrid modeling.

	OPPO
	Yes
	We believe that the EO in the background channel only needs to take the following type as defined in P5.1-1: 
“An EO may have comparable shape/size as a sensing target, e.g., human, vehicle, UAV, AGV, etc.”

	Qualcomm
	comment
	It may be useful to clarify the above proposal using the equation we started in previous meeting. We believe the above proposal corresponds to: For the ISAC channel, in addition to , we can clarify that the 

such that the  would refer to all the stochastic cluster modeled via legacy 38.901 and  would correspond to the components impacted by the EO. We can add also an FFS regarding the components that are impacted by both the target and the EO, depending on whether multibounce will be agreed or not. 
FFS: depending on the multi-bounce discussion, how to formulate components impacted by both the EO and the target.

	vivo
	
	Since the location of EO is deterministically dropped, it is better to differentiate the path modeling of EO and clutter. The clutter has no deterministic location, and for that, unlike target and EO, only the path between Tx-Rx needs to be modelled.
Therefore, the mechanism of path generation (i.e., Tx-T, T-Rx, Tx-EO, EO-Rx, Tx-Rx, T-EO , T-T, and EO-EO as depicted in the figure above) should be the same, relying on TR38.901.

	Tiami Networks 
	Yes
	

	Ericsson
	No
	As discussed for proposal 5.1-1, current 38.901 doesn’t support gNB mono/bi-static link, so how to generate stochastic clutter for these links is to be studied.

	CMCC
	NO
	If the EO is modeled for calculating the effect on the target, it should be modeled in target channel, otherwise it has conflicts with the agreements “Target channel  includes all [multipath] components impacted by the sensing target(s).” 
”

	Apple
	No
	For the monostatic case, a discussion on if some of the background interference can be modeled as AWGN may be needed.

	InterDigital
	
	The first bullet is agreeable.

	Catt/cictci
	
	Just agree with the first bullet

	BUPT
	
	We think that modeling EO in the target channel is meaningful for target localization and tracking. Further, we suggest that the EO in background channel can partially share the EO pre-generated in the target channel.

	Lenovo
	
	EO may impact the background channel, the target channel or both. Hence, if EOs are considered as part of the environment, their impact should be considered in both. 
Hence propose adding the following note: 
         Note: if EO is modelled as part of the environment, its impact should be modelled both in the target channel and the environment/background channel. 


	Spreadtrum
	
	Similar question as for proposal 5.1-3, what does the ‘optionally’ mean here? For the same use case, do we allow different modeling methods among different companies?

	Xiaomi
	
	The necessity of EO modeled in background channel should be further studied.

	Nokia
	No 
	Similar view to 5.1-3, that further clarification may be needed on how to model EOs.

	Samsung
	
	Same consideration with Proposal 5.1-3.


	MTK
	Yes
	



Interactions between target channel and background channel
	Company
	Views

	Intel
	· RAN1 may need to discuss whether the total number of clusters characterizing a given channel propagation scenario (i.e., UMa, UMi, InH, InF, etc.)  is kept the same as agreed for the stochastic channel generation, or the quasi-deterministic clusters are added on top. In the former case, some of the environmental clusters need to be removed from the channel generation. Moreover, the concept of strong clusters, which are split into sub-clusters, may be affected/revised, given that the strong clusters in terms of power may be the quasi-deterministic ones.

	CATT
	When there are communication targets in the model, clusters from the communication channel can be chosen as environmental targets to establish the correlation of the shared channel environment between sensing and communication targets.

	BUPT
	Observation 2: ISAC field measurements indicate the presence of shared scatterers across multiple ISAC propagation links, contributing to shared clusters/paths. 
Proposal 10: FFS, ISAC channel modeling could take into account the practical sharing correlation across multiple propagation links.


	vivo
	


Summary on company views
Multiple companies discuss the mutual impacts between the target channel and the background channel. Intel discusses whether the number of clusters should be increased compared to existing TR 38.901 or kept unchanged. CATT, CMCC, BUPT discuss the necessity to model shared clusters for communication evaluation and a channel for sensing evaluation.

Xiaomi discusses that the respective propagation delay should be considered to combine the target channel and background channel. Xiaomi discusses that the respective pathloss and shadow should be considered to combine the target channel and background channel.  

[Moderators’ note] Due to the limited number of inputs. The moderator suggests to postpone the discussion until more inputs are available.  


Movement of sensing Tx, target, Sensing Rx
	Company
	Views

	Spreadtrum

	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.


	Intel
	Here, for bistatic case, the Doppler component from the moving TX and RX can be reused. The component from moving scatterers need to explicitly capture the direction of travel and velocity of the quasi-deterministic cluster. For that purpose, the following update may be needed:

Here,  is the travel vector of the deterministic cluster, defined in the same way as the travel vectors of TX and RX in the global coordinate system.


	vivo
	Proposal 12: 	Study Doppler frequency component to reflect actual human motion (e.g., gesture recognition, expiration and inspiration, standing up and falling down), in addition to traditional Doppler shift modeled in TR 38.901.

	OPPO
	Proposal 5: Rel-19 ISAC channel model relies on micro-Doppler to enable target identification/differentiation, without determining the exact micro-Doppler model function for the specific sensing application.
· A micro-Doppler function place-holder is defined in small-scale fading modeling.
· The exact micro-Doppler function corresponding to a sensing application will be an input to the ISAC channel model.  


	Xiaomi
	What’s more, all of Tx, target and/or Rx may move during the sensing operation, which impacts the doppler frequency component in ISAC channel model. Different from the doppler frequency component defined in TR 38.901, the velocity vector of Tx, target, and/or Rx should be considered in ISAC channel model.

	CATT
	Proposal 18	The mobility modeling method in TR 38.901 can be reused. 
Proposal 19	For the UE acts as sensing Tx node or Rx node, assume the UE is static as baseline.

	Apple
	Proposal 21: To accommodate the mobility of the target, transmitter and/or receiver, the dual mobility method in 38.901 that supports dual Tx and Rx mobility, or scatterer mobility can be re-used as a starting point.


	IDC
	Proposal 13: Support to incorporate Micro-Doppler characteristics in ISAC channel models.
Proposal 14: Support changes in amplitude, frequency, and phase in signals reflected against an object due to Micro-Doppler effects caused by the object’s movement.


	Sony
	[bookmark: _Toc163200010][bookmark: _Toc163213515]Proposal 17: In ISAC channel modeling, consider to study doppler formula in sensing channel first and then study micro-Doppler assisted method.



Summary on company views
Intel, vivo, Xiaomi, Spreadtrum, Soy and OPPO propose to add a doppler model for the simultaneous movement of Tx, target and/or Rx. 
CATT proposes to assume UE as sensing Tx/Rx is static as baseline 
Vivo, OPPO, IDC, Sony (second) and E// propose to model micro-doppler in the ISAC channel model. Such model is proposed depending on certain use cases.

Issue 5.4-1
[Moderators’ note] Though the input on the detail design are limited, the general principle on modelling doppler impacts of mobility of sensing Tx, target and sensing Rx could be fine, considering the sensing Tx/Rx could be UE. Companies are encouraged to comment on the following proposal
[Medium] Proposal 5.4-1: -[ACTIVE]
· RAN1 to study how to support a doppler model considering movement of Tx, target and Rx. 
· RAN1 to study whether/how to support a micro-doppler model

	Company
	Yes/No
	Comments

	ZTE
	NO
	The motivation to study micro-Doppler modeling is unclear. It seems proponents are discussing the use cases of breath monitoring, gesture identification which are clearly not in the scope of this SID.

	OPPO
	Yes
	About the micro Doppler, our contribution shows that only an import placeholder is needed for Rel-19, which is very simple and won’t take much TU. 

	Qualcomm
	Yes
	

	vivo
	Yes
	

	Ericsson
	Yes
	

	Apple
	
	The first bullet is well motivated from the WID. Need to understand the motivation for the micro-Doppler study based on the use cases for Rel-19

	InterDigital
	Yes
	The SID states “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”. Micro Doppler characteristics can be used to distinguish the target object (e.g., UAV, AGV) from EO (e.g., bird, animal, human), for example.

	Lenovo
	
	Suggest to separate the two bulletpoint proposals. The doppler modelling is of high significance, whereas micto-doppler modelling can be treated optionally for now.

	Spreadtrum
	
	Support the 1st bullet only.

	Xiaomi
	Yes
	

	Toyota ITC
	Yes
	

	Nokia
	No 
	Similar view to 5.1-3, that further clarification may be needed on how to model EOs.

	Samsung
	
	We consider that second bullet need to be handled as FFS or need to be clarified whether it is in the scope of this study similar with ZTE’s comments

	CATT/CICTCI
	NO
	Agree with other companies that more clarification is needed for now.

	CEWiT
	Yes
	




Additional modelling components in section 7.6, TR 38.901
	Company
	Views

	Intel
	· There may be a blockage-like model or procedure which changes or excludes the departure/arrival angles when the stochastic cluster rays overlap with quasi-deterministic cluster rays.

	BUPT
	Proposal 14: The Blockage model B in TR 38.901 can be viewed as a start to model the sensing target blockage. The blockage model should be extended to support mono-static sensing.


	Lenovo
	[image: ]
[bookmark: _Ref163249931][bookmark: _Ref163000053]Figure 7. Path type variations within an ISAC channel, including multiple targets and environment object (EO) or clutters.
[bookmark: _Toc163213817][bookmark: _Toc163213448]Proposal 18. study with a higher priority modelling of the path types/effects that inform sensing Rx of useful sensing information and with higher energy impact to the overall ISAC channel. In particular, the modelling of depicted P#4 - P#8 can be treated with a higher priority.
[bookmark: _Toc163213390][bookmark: _Toc163213613]Observation  4. The paths of the initial background channel, i.e., the channel without targets presence, lead to both paths of the background/environment channel, when the said paths are not impacted/blocked by the target (e.g., P#0, P#1), or paths of the target channel (e.g., P#4, P#7), when the sensing target collides with a path of the initial background channel. 
[bookmark: _Toc163213450][bookmark: _Toc163213819]Proposal 19. A high-level procedure as described in Error: Reference source not found Error: Reference source not found can be utilized to generate the ISAC channel, as superposition of the background channel and the target channel. 


	QC
	Proposal 5: Prioritize the modeling as follows:
a) Extension of the basic modeling (Section 7.5 of TR38.901) should be considered first. 
b) The advanced modeling components in subsections of Section 7.6 should then be prioritized relative to each other and considered in that order, focusing on components more important for sensing (e.g., spatial consistency and dual mobility). 
c) Approaches used in some of these components (e.g., ground reflection and blockage) may be reused with potential further extensions in order to achieve the extension of the basic Section 7.5 model to sensing. 


	
	


Summary on company views
Intel, BUPT, QC, E// and Lenovo discuss the additional components that may/should be considered in ISAC channel modelling, especially the blockage model. Based on the company inputs, an intention of blockage modelling for sensing is both to maintain consistency of the ISAC channel model for communication, e.g., when a sensing target blocks an effective path for communication, but also, and more importantly, to capture the impact of blockage as a means for obtaining valuable sensing information. LG discusses forward scattering which is the effect when the target is closed to the line of Tx-Rx. 

Issue 5.5-1
[Moderators’ note] Some companies propose to study the blockage aspect in ISAC channel model, companies are encouraged to check if the following proposal can be agreeable. 
[Medium] Proposal 5.5-1: -[ACTIVE]
· The Blockage model defined in section 7.6, TR 38.901 is considered in the ISAC channel model as start point
· FFS any enhancement is necessary

	Company
	Yes/No
	Comments

	ZTE
	
	We suggest deprioritizing this aspect enhancement as it is not essential for sensing detection.

	Qualcomm
	Yes
	

	Ericsson
	
	Evaluate if the modelling of the blocker in TR38.901 Section 7.6 can be combined with the modelling of the sensing target, so that blocker and target are the same object in the model.  For example, through forward scattering.

	BUPT
	Yes
	

	Lenovo
	Yes
	Blockage of a path by the target informs on target presence. Hence, can be used as a means for presence detection. 

	Spreadtrum
	
	Similar view as ZTE. Suggest to deprioritize this proposal.

	Xiaomi
	Yes
	

	Nokia
	Yes
	

	CATT/CICTCI
	No
	This is secondary priority and should be decided after the objectives in the SID are finished.




Sensing target modelling
Single point vs. multiple points for a target
	Company
	Views

	Huawei
	Observation 1: The vehicle RCS varies with the incident and scattered angles, which should not be simplified as a fixed value.
Proposal 1: Model the vehicle RCS as a deterministic scattering pattern for multiple scattering points constituting a target based on measurements. The RCS for UAV can be simplified as an omni-directional pattern (i.e., a fixed value) with a single scattering point.
· The amplitude and phase of the pattern can be tabulated with regards to the incident and scatter angles.

	Spreadtrum
	Proposal 5: A sensing target can be modelled with one or multiple point scatters, while a single point should be considered as the starting point.


	vivo
	Observation 4: 	Sensing target modeling with single point scatter is enough if the target size is small, or the use case is insensitive to the sensing target size and/or shape.
Observation 5: 	A sensing target needs to be modeled with multiple point scatters if the target size is large, or the use case has high sensing requirements.
Proposal 7: 	Study sensing target modeling with single point scatter as a start point, and multiple point scatters can be optional for some target types and/or complex use cases.
Proposal 8: 	Model the environment object in the same way as the sensing target, but should be kept as simple as possible.

	Samsung
	Observation 10: Multiple scattering point model may better reflect the scattering characteristics of the sensing target than single scattering point model when the size of the sensing target matters
Proposal 13: RAN1 to study how to model the relationship among multiple point scatters under the consideration of effectiveness and complexity


	Nokia
	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.


	ZTE
	Proposal 6: For typical middle-size sensing target car, a distance threshold is proposed for mono-static sensing mode. When the distance between transceiver and target car is larger than this distance, single ray is used to model the car related channel. Otherwise, multiple rays with different time delay are used to model the car related channel.
Proposal 7: For mono-static sensing mode, the distance threshold used for separate single point area and multi-points area is decided by size of sensing target, pathloss difference threshold, which is given by




Where  is the maximum object dimension, and  is pathloss difference threshold.
· For typical car target with largest dimension equal to 6.5m, the distance threshold is 110m at 4.9GHz
· For typical UAV with largest dimension equal to 1m, the distance threshold is 17m at 4.9GHz


	Apple
	Proposal 7: Target channel modeling is based on clusters. The target should be modelled as a single point or multi-point scattering centers. 
· Single point scattering model should be baseline
· Selection of the multi-point target model will depend on the use case being evaluated
· FFS: the introduction of a deterministic channel modelling 
Proposal 8: For multi-point target modelling, RCS may be different for different points.
· If multiple point scatters are modelled for a target, the following options can be further discussed.
· Option 1: a single RCS value applies per target. 
· Option 2: different point scatters may have same or different RCS values.
· FFS how to determine the RCS value(s)
Proposal 9: RCS can be modelled as a deterministic function or as a random variable e.g. log-normal random variable, with parameters depending on the target scattering point(s). 


	IDC
	Proposal 2: Study a need for segmentation-based (multi-point) modeling of an object, considering distance among Tx, target and Rx.


	MTK
	[bookmark: _Ref159168214]Proposal 20: The target object can be modelled by one or multiple components based on sensing resolution or the demand of the sensing service.
[bookmark: _Ref159167663][bookmark: _Ref159168216]Proposal 21: For each component of the target object, the sensing parameters are obtained by the math calculation based on the geometry of the coordinate system. 
[bookmark: _Ref159256390][bookmark: _Ref159168218]Proposal 22: For ISAC target modelling, each key component of the target has its own RCS. FFS: how to define the value.


	AT&T
	Proposal 11: For the ISAC channel model, a sensing target is modelled as a single point scatter
· Multiple point scatter model can optionally be considered.


	ITL
	Proposal 2:
A sensing target can be modelled with one or multiple point scatters.

	CAICT
	[bookmark: OLE_LINK30]Proposal2: Model sensing target as single point or multiple point according the scenario.
· single point for UAV in low altitude scene, human outdoors, etc. 
· multiple point for automotive vehicles, automated guided vehicles, human indoor etc.


	QC
	Proposal 14: Treat large objects as collections of multiple scatter-points with possibly different LCS-to-GCS mappings, angle-based gain functions, and velocities. 


	Xiaomi
	[bookmark: _Ref157766124]Proposal 10: A target can be modelled with single point as the baseline assumption for at least some use cases of object detection and tracking. FFS multiple points for a target.


	EURECOM
	[bookmark: _Ref162627864][bookmark: _Ref158910691]Proposal 23: A single point model is the starting point to model RCS. It is extended to multiple points based on the size of the targets and fading channel. 
[bookmark: _Ref162627866]Proposal 24: In multiple point model, all points of the target have the same RCS value or each point has its own value.


	Sharp
	Proposal 11: Use a single point scatter model to model the sensing target. This may not be the best for all use cases, but we believe that it serves as a good starting point. 
Proposal 12: The single point scatter can be used to describe a target as a cluster. A cluster can then be further characterized by the RCS, K-factor, number of rays, delay spread, and angular spread.

	Tiami Networks
	Proposal 6: For some use cases with high resolution requirements, it is suggested that multiple scattering points are considered for the object. The number of scattering points for each specific object type and the number of rays per scattering point should be determined accordingly.
Proposal 8: The RCS of a target type at different scattering points is modeled stochastically and follows the same distribution.


	Panasonic
	Proposal 5	Sensing targets can be modeled as single scattering point model. 
•	FFS: Further study multiple scattering points model based on use case


Summary on company views
Cases to model single point for a target
· Size of target is small
· Far field
· use case is insensitive to the sensing target size and/or shape
Cases to model multiple points for a target
· Size of target is large
· Near field/distance
· Target with multiple facades each with a unique reflection property
· To sense shape of a target
· Demand of service

HW, Intel, vivo, Nokia, Apple, Xiaomi, Spreadtrum, IDC, E//, MTK, ITL, CAICT, EURECOM, Tiami Networks and QC prefer to study target modelling with one or multiple point scatters. The proper number of point scatters is dependent on the concerned use cases, size of target, distance between sensing Tx/Rx and the target, and sensing resolution. The sensing resolution is limited by many factors, e.g., the frequency, the bandwidth, the size of antenna array, etc. Multiple points for a target are necessary at least if the shape of the target is to be sensed. 
Vivo, AT&T propose that multiple point scatters can be optional for some target types and/or complex use cases. Sharp proposes single point scatter is start point. Panasonic support modelling single point for a target and FFS for multiple points.  
ZTE provides an RT-based verification on the distance to switch between single point and multiple points for a target. 
[image: ]
Fig. 2.4-1 Mean value of RCS for same polarization with distance
Tiami Networks proposes that the RCS of the multiple scattering points of a target is modelled stochastically and follows the same distribution. 


Issue 6.1-1
[Moderators’ note] A number of companies prefer to support modelling of a sensing target with multiple point scatters. Companies are encouraged to provide views on the following proposal. 

[High] Proposal 6.1-1: 
· A sensing target can be modelled with one or multiple point scatters
· [bookmark: OLE_LINK5]Each point scatter can be assumed in far field to sensing Tx/Rx. 

	Company
	Yes/No
	Comments

	ZTE
	
	To be safe, it is better not to use the terminology of ‘far field’  because it is usually related to the antenna aperture size. This is our suggestion:
· A sensing target can be modelled with one or multiple point scatters
· FFS how to apply the single or multiple point scatters, e.g. depending on the distance between target and Tx/Rx, size/shape of target, etc.
· Each point scatter can be assumed in far field to sensing Tx/Rx. 


	Huawei, HiSilicon
	
	The intention of the second bullet is unclear. We are ok with ZTE’s version. 

	OPPO
	
	We prefer to have single-point scatter as baseline and multi-point scatter as optional. 

	Qualcomm
	Yes
	For better readability, we make the following small suggestion:
the “point scatter” to be “pointer scatterer”. 

	vivo
	Yes
	

	New H3C
	
	OK with ZTE’s modification

	Tiami Networks
	Yes
	

	Ericsson
	Yes
	The tx and rx cannot be assumed to be in the far-field of the point scatterer in all use-cases.  Note that the point scatterer can be assumed to be in the far-field of the tx and rx in most use cases.

	CMCC
	Yes
	

	Apple
	Yes
	

	InterDigital
	
	It may be better to have a criterion (e.g. based on distance to Tx/Rx or size of object) when to use one or multiple point scatters.

	CATT/cictci
	NO
	What is the definition of ‘point scatter’ ? how can we agree sth, without a clear definition ?

	BUPT
	
	We tend to model the target as one point scatter, and if there are multiple targets and each target is modeled as multiple point scatters, the model complexity is very high. Therefore, it is recommended to prioritize one point scatter as much as possible. But it is also impossible to deny that there may be certain scenarios that are more suitable for modeling as multiple point scatters.

	Lenovo
	Yes 
	

	Spreadtrum
	Yes
	

	Xiaomi
	Yes
	Generally, we agree with ZTE’s modification. In our view, how to apply the single or multiple point scatter is also related to sensing resolution. 
· A sensing target can be modelled with one or multiple point scatters
· FFS how to apply the single or multiple point scatters, e.g., depending on the distance between target and Tx/Rx, size/shape of target, sensing resolution, etc.
· Each point scatter can be assumed in far field to sensing Tx/Rx. 

	Intel
	Yes
	

	Toyota ITC
	Yes
	

	Nokia
	Some clarification may be needed
	It may be better to discuss how target scattering is handled after we have further clarified views on 5.1-2.  If a concatenated approach to modeling Tx-target and target-RX component is used it is not clear on single- and multi-point scattering are understood.

	Samsung
	
	We are okay to ZTE’s modification




[Moderators’ note] The following two options are the outcomes of the offline session at Monday. Further comments are welcome but better focus on the proposal itself.   

[High] Proposal 6.1-1a: 
· In the target channel between Tx and Rx, A a sensing target can be modelled with single scattering point  one or multiple scattering points scatters
· FFS one or multiple pairs of incoming/output rays corresponding to a scattering point
· FFS how to apply select the single or multiple scattering points scattersfor 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 multiple scattering points
 

	Company
	Yes/No
	Comments

	AT&T
	
	Support in general

	Moderator
	One note is added just to clarify the target is in far field of sensing Tx/Rx, so our current discussion is not related to near field which is under discussion in 7-24GHz SI. 

	Huawei, HiSilicon
	
	ok

	
	
	




The following agreement is made in Wed. online.
Agreement
· In the target channel between Tx and Rx, scattering of a sensing target can be modelled with as single scattering point or multiple scattering points 
· FFS one or multiple pairs of 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

Issue 6.1-2
[Medium] Proposal 6.1-2: 
· If a target can be modelled with multiple point scatters, the following options are identified for further study
· Option 1: the multiple point scatters of a target can be modelled as if independent targets each with single point scatter
· Option 2: interaction between the multiple point scatters of a single target should be modelled. 
· FFS how to model the interactions

	Company
	Yes/No
	Comments

	Huawei, HiSilicon
	
	The essence of modeling multiple scattering points is RCS related, so we suggest the proposal is updated as follows:
· If When a target is can be modelled with multiple point scatters, the following options are identified for further study
· Option 1: the multiple scattering points have different RCS modelling. 
· Option 2: the multiple scattering points have the same RCS modelling. 




	Qualcomm
	Yes
	Preference for Option 1. For better understanding, we make the following suggestion clarification: 
With regards to “independent”: they are independent from the viewpoint of cluster generation, but they may have correlated relative motions - e.g., the two tips of a UAV propeller always move together.

	vivo
	Yes
	This proposal is dependent on the outcome of Proposal 6.2-2. This proposal should be raised to the same level as Proposal 6.2-2, or vice versa.

	Tiami Networks
	Yes
	Needs to be clearer with the word “interaction”, i.e., which parameters are of interest.

	Ericsson
	Yes
	For Option 1, we assume that the multiple point scatters of a target have the same trajectory.

	CMCC
	
	Option 1 is preferred. But the interaction should be clarified whether it includes the spatial consistency between the multiple point scatters of a target.

	Apple
	Yes
	Option 2 may be needed for spatial consistency

	BUPT
	
	We have doubts about "interaction" in Option 2. What does "interaction" specifically include?

	Spreadtrum
	
	Further discussion depends on proposal 6.1-1.

	Xiaomi
	Yes
	

	Nokia
	
	Similar comment to 6.1-1

	Moderator
	@Huawei: I understand your proposal, but it seems a second level detail. Let’s focus on clarification that whether the multiple points are independent or not. 

To try to clarify a bit on ‘FFS interaction’, I further add two examples. This is just something I ever heard from companies, we can definitely delete them if there is a concern, since anyway it is FFS. Please continue discussion based on the following updated version




[High] Proposal 6.1-2a: 
· If a target can be modelled with multiple scatting points scatters, the following options are identified for further study
· Option 1: the multiple scatting pointspoint scatters of a target can be modelled as if independent targets each with single scatting point scatter
· Option 2: interaction between the multiple scatting pointspoint scatters of a single target should be modelled. 
· FFS how to model the interactions
· Example 1: an incoming ray to a target will pass through a first scatting point, then a second scatting point, finally radiate out the target
· Example 2: an incoming ray to a target can only reach a first set of the multiple scattering points, while other scatting points are in the shadow of the first set, so no radiation from the other scatting points

[High] Proposal 6.1-2b: -[ACTIVE]
· If a target is modelled with multiple scattering points, 
· the dependency among the multiple scattering points should be considered in the ISAC channel modelling.
· RAN1 assumes the relative locations of the multiple scattering points of a target are not changed in Rel-19
· Translational motion of the target can be considered 
· Rotational motion of the target is not considered in Rel-19
· FFS whether/how to model micro doppler for at least some scattering points of the target
· different RCS values can be applied to the multiple scattering points

	Company
	Yes/No
	Comments

	Moderator
	From the offline, no one thinks the multiple scattering points can be completely independent in the channel model. So Proposal 6.1-2b is made. Further comments?

	Huawei, HiSilicon
	
	If we keep the ‘dependency’, the proposal should be clear in terms of what for ‘dependency’. If we can’t clarify it for now, maybe we can drop the first sub-bullet and focus on possible options for RCS for each scattering points of the target. 

	Moderator
	As Huawei commented, ‘dependency’ is not clear. We didn’t discuss such details yet. Let’s remove the bullet for now. companies please provide details on the modelling of multiple scattering point in next meeting. I directly apply the change on the current proposal 6.1-2b. Please continue discussions

	ZTE
	
	The motivation of the whole proposal except for the last bullet which is straightforward. In addition, we don’t think micro Doppler should be studied in this Release unless the motivation and the corresponding modeling are clear. 

	
	
	

	
	
	




RCS modeling
	Company
	Views

	Huawei
	Observation 1: The vehicle RCS varies with the incident and scattered angles, which should not be simplified as a fixed value.
Proposal 1: Model the vehicle RCS as a deterministic scattering pattern for multiple scattering points constituting a target based on measurements. The RCS for UAV can be simplified as an omni-directional pattern (i.e., a fixed value) with a single scattering point.
· The amplitude and phase of the pattern can be tabulated with regards to the incident and scatter angles.

	Spreadtrum
	Proposal 7：RCS is only modelled in slow fading, which can be in the following forms:
· Option 1: a fixed value
· Option 2: a random value. FFS the distribution
· Option 3: RCS depending on the incident angle and reflection angle at the target


	Intel
	Proposal 6
· RAN1 to consider RCS modelling as part of fast-fading and small-scale parameters (SSP) to cover cases of cluster and/or ray -specific RCS and angle-dependent RCS.


	vivo
	Observation 7: 	The RCS with single point scatter of target can be simply generated by computational formulas, fixed average values, or some probability distributions, e.g., Gaussian distribution, uniform distribution, or Swerling model.
Proposal 10: 	Study the RCS modeled by large-scale level model independent of the angle of incident/scattered ray.
Observation 8: 	N links can be independently generated and the correlation between N scattering point and related links need to be further considered if the sensing target needs to be modeled as N multiple point scatters.
Observation 9: 	For multiple point modeling, RCS of each point can be modeled by large-scale level model independent of the angle of incident/scattered ray, with the same or different RCS values.
Proposal 11:	For multiple point modeling, RAN1 models the RCS of each point and the related link in the same way as single point, and the correlation between multiple points should be considered.

	E//
	Observation 15	The radar cross-section is a function of the incidence angles and the scattering angles, as well as the two distances from the source and to the receiver in full generality.
Observation 16	The radar cross-section can vary rapidly with angle.
Proposal 8	As a starting point, model scattering points using a general radar cross-section, whose probability distribution depends on polarization, the incidence and scattering angles and source and receiver distances, and evaluate to what degree the model can be simplified.

	CATT
	Proposal 11	For each sensing target, RCS is modeled as single value (fixed or based on a specific probability density function) and only applied to large-scale fading.

	Samsung
	Observation 9: For RCS modelling, 
	Type
	Pros
	Cons

	fixed RCS modelling
	Low complexity
	Inaccurate for the case when RCS changes drastically, e.g., due to relative position change between Tx/Rx and sensing target

	feature-dependent RCS modelling
	More accurate than fixed RCS modelling, e.g., the frequency-dependent RCS is suitable for describing the frequency-dependent scattering characteristics of sensing targets
	RCS modelling may become more complex with more features being considered

	Statistical modeling
	Capture varying RCS of sensing target caused by relative position change between Tx/Rx and sensing target with moderate complexity 
	Difficult to converge to a unified model covering all types of sensing targets

	Deterministic modelling
	Accurate RCS modelling through simulation or measurement 
	High complexity, e.g., electromagnetic computation and massive measurement




	CMCC
	Proposal 6: The RCS value of target can be modeled by a certain distribution according to the target type.
Proposal 7: If the pathloss model is needed, the RCS value of target can be modeled on the cluster level as the cluster power equals to the probability of its RCS value occurrence. If the pathloss model is not required, the RCS value of target can be modeled on the cluster level.
Proposal 8: The RCS value of target can be modeled in slow fading.

	Nokia
	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.


	ZTE
	Proposal 3: RCS for a target can be modeled as RCS (AOD, ZOD, AOA, ZOA) = {RCSHH, RCSHV, RCSVH, RCSVV}, where AOD and ZOD the horizontal and vertical angle from Tx to the target respectively, AOA and ZOA the horizontal and vertical angle from the target to the Rx respectively, RCSHH, RCSHV, RCSVH, and RCSVV are the RCS values for four polarization combinations. 
· The RCS values are normalized to 1
Therefore, the proposed RCS consists two pars, part one is modeled by polynomial function and the part two is modeled by Gaussian distribution. Two part added together are final RCS value for fast fading modeling.








[bookmark: OLE_LINK10]Proposal 4: For car, the fast fading RCS model for mono-static sensing mode can consist two parts, the first smooth part is modeled by polynomial function deterministically, which describing the effect of shape of sensing target and AOA. The second part is modeled by Gaussian distribution randomly, which is used to model the effect glint. For RCS model of car and other objects made by metal almost, the RCS model do not change with frequency.
Proposal 5: For UAV, the fast fading RCS model for mono-static sensing mode can also consist two parts, the first smooth part is modeled by polynomial function deterministically or a fixed value. The second parts is modeled by Gaussian distribution randomly, which is used to model the effect glint.


	BUPT
	Proposal 2:  The path loss of sensing target channel can be represented as a cascade of Tx-TAR link, TAR-Rx link, and the target's RCS, expressed as 
.
· The path loss model and parameters defined in TR 38.901/36.777/37.885 can be reused for   and . 
· The large-scale RCS modeling reflects the average signal fading situation of the target, and two options for RCS modeling can be considered:
· Option 1: The large-scale RCS is modeled as a fixed value based on the target type.
· Option 2: The large-scale RCS is modeled as a random variable following a specific distribution.
Proposal 9: The small-scale RCS can be modeled as angle-dependent values, depending on the outgoing and incoming angles of the sensing target.


	LG
	Observation 2: The bistatic RCS is the most general case of RCS with the backscattering and forward scattering RCSs being the special cases.
Observation 3: The deterministic approach (different implementations are possible) takes into account the exact properties of sensing target and inherently provides the angular dependence of RSC.
Observation 4: Among others, the deterministic method based on the high frequency approximation and implemented via the ray-tracing technique appears to be preferable for the RCS modelling. However, it can impose challenging requirements on the computation performance.
Observation 5: The stochastic approach to the RCS modelling provides a realistic approximation of scattering process and is inherently suitable for the statistical performance analysis.
Proposal 4: Adopt the stochastic approach to the RCS modelling as the baseline.
Observation 6: The parameters of stochastic RCS models should be elaborated for the sensing targets specific to the ISAC problem – human, vehicle, UAV, AGV, hazardous objects.

Observation 7: The physical objects behind the 'hazardous' term are not clearly defined yet.
Proposal 5: Adopt Swerling models as the baseline/initial guess for the first-order RCS distribution, mainly considering Swerling 0 for humans, Swerling I/II for vehicles / UAVs/ AGVs and Swerling III/IV for AGVs modeling.
Observation 9: The stochastic approach to RCS modelling supports both the large and small scale RCSs. However, in the case of small scale RCS it requires the knowledge of all incident/observation angles and introduction of spatial correlation among the partial RCSs.
Proposal 7: For the initial / calibration studies, adopt the fully stochastic (i.e. neglecting the information about the incident/observation angles) approach to the RCS modelling.
Observation 10: Considering the RCS as a random time-domain process, one can naturally simulate the time evolution of the target channel which is caused by the motion of sensing target.
Proposal 8: To model the RCS as a wide-sense stationary random process with the pre-defined first-order distribution (as set by Proposal 2) and correlation function (or power spectral density).
Proposal 9: To perform the study on the appropriate correlation function(s) (or power spectral density) of the RCS specific to the ISAC problem.
Proposal 10: The exact methodology of recalculation of the RCS concept into the actual target path attenuation is FFS


	Apple
	Proposal 10: The RCS may be modelled as part of the slow fading component or as part of the fast-fading component as follows:
· Option 1: The RCS is modelled as part of the slow fading component in pathloss with all the clusters that make up a target assigned the same value. 
· Option 2: The RCS is modelled as part of the slow fading component in pathloss with each cluster in the multi-point cluster model assigned a different value.
· Option 3: The RCS is modelled as part of the fast-fading component with angle dependent parameters. 
· We prefer option 1 and 2.


	IDC
	Proposal 1: Modelling for physically complex objects (e.g., human) uses statistical RCS modelling as a baseline 

	MTK
	[bookmark: _Ref159168220]Proposal 25: For ISAC RCS modelling, study how to reflect the RCS in ISAC channel modelling. FFS: LSP/SSP. 


	AT&T
	Proposal 12: Use a statistical model for the RCS, e.g., log normal distribution, with parameters that vary with the type of sensing target.
Proposal 13: For the ISAC channel mode, the RCS value is modeled in large scale fading
	FFS: if additionally, RCS is modeled in small scale fading as a function of angle per ray.


	CAICT
	Proposal3: Model RCS as a fixed value at least in this study, as a starting point for the sensing channel modelling of slow fading. 


	Lenovo
	[bookmark: _Toc163213824][bookmark: _Toc163213455]Proposal 26. Characterize the RCS of relevant target types as a random distribution with at least dependencies of angle (azimuth/elevation) of incidence, and angle of reflection from a target object.


	Xiaomi
	[bookmark: _Ref157770451]Proposal 11: For RCS model of target, the following options can be considered as the starting point.
· Option 1: Constant RCS model with fixed value.
· [bookmark: _Hlk162453747]Option 2: Statistical RCS model with pre-defined probability density function.
· How to model the impact of angle on the top of constant RCS or statistical RCS can be left as an FFS.


	ITL
	Proposal 3:
RCS is modelled in both slow fading and fast fading
- A random RCS value for slow fading
- One RCS value for N rays in same NLOS cluster for fast fading

	QC
	Proposal 18: Consider cases where only a single scatter-point is dropped into the scenario. The drop may be random or may be at a specific location in the scenario layout, relative to other nodes (e.g., relative to gNB(s) and/or UE(s)).
Proposal 19: Consider the simplified models of specific objects with gain-functions as proposed in this contribution, as building blocks to model actual sensing targets (such as humans, AGVs, UAVs, vehicles, hazard objects, etc) and clutter. 
Proposal 20: Modeling of RCS of objects should capture both large-scale parameters (pathloss) and small-scale parameters (fast fading) relevant to the interaction of the rays/clusters with the objects. The gain function provides a mechanism to capture both effects.  


	EURECOM
	[bookmark: _Ref162627868]Proposal 27: The mean value of radio cross-section is generated from a pre-defined uniform distribution. RCS attributes to pathloss.
[bookmark: _Ref158910692]Proposal 28: The small-scale parameters for the sensing channel such as RCS, echo angles, cross power ratio are generated after the general parameters are generated. Subsequently, channel coefficient for the sensing channel is generated then pathloss is calculated for each sensing cluster.


	Sharp
	Proposal 13: The RCS can be modelled using statistical distributions from measurement data.


	CT
	Proposal 4: Support RCS of an object be modelled as a random value. 
Proposal 5: Regarding random distribution of RCS modelling if a random value of which is supported, swerling model can be considered as the starting point.  
Proposal 6: Support at least the modelling of RCS in the pathloss model.


	Tiami Networks
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[bookmark: _heading=h.2et92p0]Figure 2. Human RCS histogram and the Weibull distribution fitted to it.
Proposal 7: RCS of different target types should be modeled stochastically. Through experimental measures, we can agree on the underlying distributions of RCS for each target type. 

	Sony
	[bookmark: _Toc159230603][bookmark: _Toc163200014][bookmark: _Toc163213519]Proposal 29: Consider different RCS models for different types of sensing target object. 
[bookmark: _Toc163200015][bookmark: _Toc163213520][bookmark: _Toc159230605]Proposal 30: Discuss the suitable RCS modeling for the target objects, such as Vehicle, Human and AGV, with considering the far-field and near-field conditions.



Summary on company views
According to the companies’ inputs, there is well-aligned understanding that RCS of an object can depend on various factors in an accurate modeling, such as:
· The size of the object
· The material of the object
· The shape of the object
· Orientation of the object
· Distance between Tx/Rx and object
· Mobility of object
· Frequency
· polarization of the transmitter and receiver 
· Incident and reflected angles.

Huawei, ZTE, E// provide measurements on RCS pattern depending on the incident/scattered angle. A general observation is the curve fluctuated sharply, which make it extremely difficult to find a suitable function for RCS expression. Further, even a slight motion of a target may end up in significant fluctuations of the received power.

CATT, vivo, Apple, CICTCI, Spreadtrum, AT&T, CT (at least), ITL, CAICT, Xiaomi propose to limit RCS modelling in large scale fading. 
E//, Nokia, QC, EURECOM and MTK discuss modeling RCS in fast fading model. AT&T is open to model RCS in small scale. 
Intel, CMCC, BUPT, ZTE, LG considers to model RCS in both large scale and small scale

Most proponents seem OK to model RCS with random value. However, there are diverge views on the random distribution. Candidates include swerling model, normal/Weibull/… distributions. 
Most companies seem ok to model RCS dependent on the incident/scattered angles. vivo, CATT, LG prefer that RCS modelling is independent of incident/scatter angle. 

Ericsson, LG further discuss the impact of forward scattering. The forward scattering appears when the target object is close the line between TX and RX. In such a case, the RCS increases by several orders of magnitude. The reason for that is the forward scattering can be modeled using Babinet's principle and the corresponding RCS is determined solely by the silhouette of the target object as seen at RX. This phenomenon may drastically improve the detection performance.


Issue 6.2-1
[Moderators’ note] Since most companies observes that RCS value can different for different incident/scattered angle. Further, there are also proposals that RCS is dependent on the frequency and polarization. Companies are encouraged to provide views on the following two proposals. 

[High] Proposal 6.2-1: 
·  RCS of a target can be modelled considering at least the following factors: 
· the incident angle and scatter angle
· the carrier frequency
· FFS polarization

	Company
	Yes/No
	Comments

	ZTE
	
	Why do we put polarization FFS ?  In our results, RCS gain is not the same for different polarization combinations, i.e. HH, HV, HV and VV. The last bullet should be agreeable. 

	Huawei, HiSilicon
	
	ok

	EURECOM
	Yes
	

	OPPO
	
	We do not prefer to mix the target modeling (the main bullet says “RCS of a target”) with the geometry relation between the target and Tx/Rx (the sub-bullet says angles). 
It seems better to say “RCS impact” instead of “RCS of a target” in the main bullet.  

	Qualcomm
	no
	Capture explicitly all the following options that could be included in the modelling of an RCS. Simplified scenarios can be considered as we progress further:
· The size of the object
· The material of the object
· The shape of the object
· Orientation of the object
· Distance between Tx/Rx and object: near/far field effect
· Frequency
· FFS: polarization of the transmitter and receiver 
· Incident and reflected angles.

	vivo
	
	Size, shape, and material of the object should be included as well.

	New H3C
	Yes
	

	Tiami Networks
	Yes
	Better to say for each “target type” instead of “target” solely. In this case, the size, shape, and material of the target is inherently included. 
· RCS of a target type can be modelled considering at least the following factors:


	Ericsson
	
	We support QC’s version.

	CMCC
	Yes
	

	Moderator
	I would be fine to list all parameters. I also remove FFS for polarization. I also avoid using target in this proposal since EO if modeled may also need RCS
Please continue discussion on the following updated version. 



[High] Proposal 6.2-1a: 
·  RCS of an object target can be modelled considering at least the following factors: 
· The size of the object
· The material of the object
· The shape of the object
· Orientation of the object
· Distance between Tx/Rx and the object
· the incident angle and scatter angle
· the carrier frequency
· FFS polarization of the transmitter and receiver

	Company
	Yes/No
	Comments

	Apple
	Yes
	

	InterDigital
	Yes
	

	ZTE
	No
	We think the distance does not affect RCS model once we settle down the scenario of far-field or near field, and we suggest to FFS impact of distance.

	BUPT
	Yes
	It is recommended to prioritize the factors that affect the RCS of a target, such as the incident angle, scatter angle, and the carrier frequency. In the future, factors such as the material, size, and near/far field effect of the target can be further considered.

	Lenovo
	Yes 
	

	Xiaomi
	Yes
	

	Intel
	Yes
	

	Toyota ITC
	Yes
	

	Nokia
	
	Not clear if this proposal is intends to define RCS for a target for all angles of incidence and scattering.  This may be too complex to model for all target types.




[Moderators’ note] The following two options are the outcomes of the offline session at Monday. Further comments are welcome but better focus on the proposal itself.   
[High] Proposal 6.2-1b:
· RCS of an objecta scattering point can be modelledshows dependency to considering at least the following factors: 
· FFS The size of the object
· The material of the object
· FFS 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
· FFS polarization of the transmitter and receiver
· FFS Temporal or spatial consistency
· FFS antenna pattern

	Company
	Yes/No
	Comments

	Qualcomm
	No
	The size and the shape is very fundamental in the RCS modelling. It is really very well known across decades of radar research that bigger objects with different shapes reflect differently. These 2 aspects cannot appear as FFS in proposal

	AT&T
	No
	Agree with the comments from QCM, size and shape should be non-FFS

	Moderator
	Revised in the offline discussion



[High] Proposal 6.2-1c: 
· [bookmark: _Hlk164256372]RCS of a scattering point shows dependency to at least the following factors: 
· Type of the object
· FFS The size of the object
· The material of the object
· FFS 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
· FFS polarization of the transmitter and receiver
· FFS Temporal or spatial consistency
· FFS antenna pattern
· FFS how to capture the above factors in the CR

	Company
	Yes/No
	Comments

	ZTE
	
	We are not OK for the distance between Tx/Rx and the object. 
RCS modeling/function does not reply on the distance. The distance is used to determine whether single scattering point or multiple scattering points. The same RCS modeling/function is used for all scattering points.

	
	
	

	
	
	




The following agreement is made in Wed. online.
Agreement
RCS of a scattering point 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 capture model the above factors in the CR, e.g. with an RCS model with a scattering point

Issue 6.2-2
[Moderators’ note] The difference on the number of companies supporting RCS in large scale only, small scale only or both are not significant. Hence, it may be agreeable to consider a proposal in the middle. Companies are encouraged to provide views on the following two proposals. 
[High] Proposal 6.2-2: 
RAN1 to further discuss the following RCS modelling of a target 
· The RCS of a target is modelled in both large scale parameters and small scale parameters
· The RCS in large scale for a target is the [mean, smoothed] RCS value depending on the incident angle and scatter angle of LOS rays at the target
· The RCS in small scale for a target is the differential RCS modelled per [ray, NLOS cluster] at the target

	Company
	Yes/No
	Comments

	ZTE
	Yes
	

	OPPO
	
	The 2nd sub-bullet is not clear to us. which of the following is eventually applied (instead of generated for modeling) in small scale fading modeling? 
· Opt-1: only differential RCS for each ray/cluster
· Opt-2: (mean RCS + differential RCS) for each ray/cluster
If the intention is Opt-1, we are not sure whether the modeling makes sense because the RCS impact could be non-linear so its impact may not be split into two parts and then separately applied. For the Opt-2, how to ensure the “mean RCS” does not double-impact (one time in large scale and a second time in small scale)? 

	Qualcomm
	comment
	We believe the first bullet should be enough at this point to be agreed, depending on progress on related items. 

	vivo
	
	This proposal is dependent on the outcome of Proposal 6.1-2. Thus, this proposal should be kept to the same level as Proposal 6.1-2.
Furthermore, this proposal is also dependent on the outcome of Proposal 6.2-3. If random RCS value is obtained by a random distribution, RCS may be independent of the incident angle and scatter angle.

	Ericsson
	
	We prefer that RCS is modelled with small scale parameters only.

	CMCC
	
	RCS can be modeled in the large scale parameter or the small scale parameter. These two scales cannot be implied simultaneously, unless the RCS values of each cluster/ray are normalized. Besides, this part should be discussed with the multiple point of a target.

	BUPT
	Yes
	We consider to model RCS in both large scale and small scale, and RCS is recommended to be modeled as a mean value in large scale fading modeling.

	Lenovo
	Yes 
	

	Spreadtrum
	
	We prefer to model RCS in large scale parameters only.

	Xiaomi
	Yes
	

	Intel
	
	It seems only small-scale part would be sufficient. But we are open to large+small approach.

	Nokia
	Agree in principle
	We agree in principle, but the sub-bullets may be discussed in more detail.

	Samsung
	Yes
	

	Moderator 
	Considering the diverse view on modeling RCS in large scale only or small scale only, it still seem the possible way is to support both for a target with details FFS. Please check following updated proposal 



[bookmark: _Hlk164256620][High] Proposal 6.2-2a: -[ACTIVE]
· The RCS of a target can be modelled in both large scale parameters and small scale parameters
· FFS details

	Company
	Yes/No
	Comments

	
	
	

	
	
	

	
	
	



Issue 6.2-3
[Moderators’ note] There is common understanding on the extreme complexity to model the exact RCS values in at least small scale for various target type. The moderator proposes the first check if we can make a progress on complexity reduction relying on random RCS generation in large and/or small scale. Companies are encouraged to provide views on the following two proposals. 

[Medium] Proposal 6.2-3: 
· The following options to model RCS of a target in large scale are considered for further discussion. 
· Option 1: Random RCS value generated by a random distribution. FFS the distribution
· Option 2: Exact RCS value is defined by a function or a table 
· Note: A fixed RCS for the target can be supported as a special case of Option 1 or 2
· The following option to model RCS of a target in small scale is considered for further discussion. 
· Option 1: Random RCS value generated by a random distribution. FFS the distribution

	Company
	Yes/No
	Comments

	Huawei, HiSilicon
	
	Such options for RCS modelling should be independent from large scale or small scale. In other words, with either option, modelling it in large scale or small scale can be separately discussed. It would be good to firstly discuss the RCS itself and we encourage companies to consider option2 with measurements. 

	OPPO
	Yes
	We hope RAN1 is not obligated to determine distribution/function/table for ALL types of targets. These distribution/function/table can be just some examples in TR and are not part of channel modelling (but angle-dependent RCS modeling is part of channel modelling). 
To be more specific, RCS impact can be formulated as g(RCS_target(freq), incident angle, scatter angle, polarization(FFS)), where RCS_target(freq) is target-specific and studied via Proposal 6.2-3, while function g() is studied via Proposal 6.2-1. It may be enough for ISAC channel model to give function g() but not necessarily enumerate RCS_target(f) for all types of targets. 

	Qualcomm
	comment
	With regards to the 2nd bullet, we want to keep “Option 2” in that case also. 

	vivo
	
	We believe that both random RCS and exact RCS values should be considered, dependent on the use cases.

	Ericsson
	No
	For RCS modelling of a target in small scale, we can study both random and deterministic options.

	CMCC
	Yes
	

	Apple
	Yes
	

	InterDigital
	
	We agree with the comment from Huawei. 

	Spreadtrum
	Yes
	

	Xiaomi
	
	We generally agree with Qualcomm’s comment. Besides, the relationship of proposal 6.2-3 with proposal 6.2-2 should be clarified.

	Nokia
	
	For small scale modeling we feel an option 2 may define RCS per cluster based on AOA/AOD.

	Moderator
	Based on the comments, let’s keep open to model deterministic RCS value in small scale. Companies are encouraged to provide view on following proposal. 




[Medium] Proposal 6.2-3a: 
· The following options to model RCS of a target in large scale are considered for further discussion. 
· Option 1: Random RCS value generated by a random distribution. FFS the distribution
· Option 2: Exact Deterministic RCS value is defined by a function or a table 
· Note: A fixed RCS for the target can be supported as a special case of Option 1 or 2
· FFS which option is supported for RCS in large scale or RCS in small scale
· The following option to model RCS of a target in small scale is considered for further discussion. 
· Option 1: Random RCS value generated by a random distribution. FFS the distribution

	[bookmark: _Hlk164176872]Company
	Yes/No
	Comments

	Moderator
	The outcome of Tuesday offline session is 
[Medium] Proposal 6.2-3a -rev1: 
· The following options to model RCS of a target with single scattering point in large scale are considered for further discussion. 
· Option 1: Random RCS value generated by a random distribution, depending on certain parameters of the target. FFS the distribution. FFS the parameters
· Option 2: Exact Deterministic RCS value pattern is defined by a function or a table, depending on certain parameters of the target 
· Option 3: combination Option 1 & 2
· Note: A fixed RCS for the target can be supported as a special case of Option 1 or 2
· FFS which option is supported for RCS in large scale or RCS in small scale

Since this proposal is far from stable, the moderator first accept all revision marks, then makes further revisions based on some off offline discussions after the session. Please provide your views on the updated proposal.  



[Medium] Proposal 6.2-3b: 
· The following options to model RCS of a target with single scattering point are considered for further discussion. 
· Option 1: Random RCS value generated by a random distribution, depending on certain parameters of the target defined by Proposal 6.2-1b. 
· FFS the distribution. 
· FFS the parameters of the target 
· Option 2: Deterministic RCS value  pattern is defined by a function or a table, depending on certain parameters of the target defined by Proposal 6.2-1b 
· Note: Constant RCS for a target type can be a special case of Option 2
· FFS the parameters of the target
· Option 3: combination Option 1 & 2, e.g., RCS value is generated by combining a deterministic component and a randomly generated component.
· Note: A fixed RCS for the target can be supported as a special case of Option 1 or 2
· FFS which option is supported for RCS in large scale or RCS in small scale
· FFS target with multiple scattering points

	Company
	Yes/No
	Comments

	Moderator
	Proposal 6.2-3b was updated with the version after offline discussion

	ZTE
	
	Defined by proposal 6.2.-1c ?

	Moderator
	Thanks for comments from ZTE and other companies, I revised the condition to decouple it from the agreed proposal 6.2-1c. If it doesn’t work, we may suggest Chair to merge this proposal to the early agreement. Please provide your further views. 

	Moderator
	Updated in offline discussion




[Medium] Proposal 6.2-3c: 
· The following options to model RCS of a target with single scattering point are considered for further discussion. 
· Option 1: Random RCS value generated by a statistic distribution, depending on the factor(s) having impacts on the RCS modelling. 
· FFS the distribution. 
· FFS the parameters of the target 
· Option 2: Deterministic RCS value is defined by a function 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 parameters of the target
· Option 3: combination 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

	Company
	Yes/No
	Comments

	
	
	

	
	
	

	
	
	




The following agreement is made at Friday online session.
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

Issue 6.2-4
[Moderators’ note] Based on the offline discussion, a clear definition on RCS is preferred. From Moderator point of view, it can be defined referring the definition in radar area. Companies are proposed to provide views on the following proposal.

[High] Proposal 6.2-4: -[ACTIVE]
· Radar cross-section (RCS) is defined as the fictional area intercepting that amount of power which, when scattered equally in all directions, produces an echo at the sensing Rx equal to that from the target 

	Company
	Yes/No
	Comments

	ZTE
	
	For RCS values are not equal in all direction. Here is our suggestion:

· Radar cross-section (RCS) is defined as the fictional area intercepting that amount of power which, when scattered equally in all directions, produces an echo at the sensing Rx equal to that from the target 


	
	
	

	
	
	




Slow fading modelling
Pathloss
	Company
	Views

	Spreadtrum
	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:



	OPPO
	Proposal 3: The pathloss for Tx-Target-Rx propagation is formulated as 

where 
·  is pathloss between Tx and target, with d1 equal to Tx-to-Target LOS distance. 
·  is pathloss between Rx and target, with d2 equal to Target-to-Rx LOS distance.
·  is wave-length of sensing signal. 
·  is RCS size. 
· FFS whether/how to apply above formulation to a channel condition other than free-space propagation.  


	CATT
	Proposal 8	For target channel, for path loss fading modeling, equation (1) based on TR 38.901 can be used. Additional parameter changes may be needed for each of the scenarios selected.

	ZTE
	Proposal 2: For sensing target channel modelling, large scale RCS should be included on top of the large scale pathloss for the link from Tx to the target and the link from the target to Rx. The Pathloss computation can be updated as




Where  and  are the pathloss for the link from Tx to the target and from the target to Rx respectively.


	BUPT
	Proposal 2:  The path loss of sensing target channel can be represented as a cascade of Tx-TAR link, TAR-Rx link, and the target's RCS, expressed as 
.
· The path loss model and parameters defined in TR 38.901/36.777/37.885 can be reused for   and . 
· The large-scale RCS modeling reflects the average signal fading situation of the target, and two options for RCS modeling can be considered:
· Option 1: The large-scale RCS is modeled as a fixed value based on the target type.
· Option 2: The large-scale RCS is modeled as a random variable following a specific distribution.
Proposal 3: The large-scale fading of the background channel needs to be modeled.
· The path loss model and parameters defined in TR 38.901/36.777/37.885 can be reused for background channels in bi-static sensing but are not suitable for mono-static sensing. 
· The large-scale fading of background channels in mono-static sensing may vary depending on the scenario and frequency, requiring empirical validation and quantification through field measurements.


	Apple
	Proposal 11: For path loss, the total path loss is a combination of the path loss between the target and the transmitter and the transmitter and the receiver as 

where d1 is the distance from the transmitter to the target, d2 is the distance from the target to the receiver. The existing pathloss formula in section 7.4, TR 38.901 can be reused as start point. With RCS, this becomes

where is the radar cross section of the target.


	Xiaomi
	[bookmark: _Ref163227473][bookmark: _Ref163226739]Proposal 12: For target channel for both bistatic and monostatic sensing modes, the pathloss model should consider the power impact of both Tx-target link and target-Rx link with consideration of the impact of antenna aperture and RCS of target, and the pathloss can be generated as
.
[bookmark: _Ref163226743]Proposal 13: For target channel,  can be assumed due to channel reciprocity for monostatic sensing mode while  and  can be generated independently for bistatic sensing mode.
[bookmark: _Ref157766138]Proposal 14: For target channel for both bistatic and monostatic sensing modes, the  and  can reuse the pathloss formulas defined in 3GPP technical reports, e.g.,
· TR 38.901 if the scenario is UMi, UMa, RMa, InH, or InF,
· TR 36.777 if the scenario is UAV,
· TR 37.885 if the scenario is V2X.
· FFS: How to consider the impact of target height on  and .


	IDC
			(4)
· : Distance between Tx to the object.
· : Distance between object to the Rx.
· : RCS of sensing object.
· : wavelength corresponding to carrier frequency.


	CAICT
	Proposal4: It is suggested to adopt the formula as a baseline to model the sensing pathloss. 
Proposal5: When to apply the current pathloss formulations in the literature like TR 38.901, TR 37.885 and TR 36.777 for sensing pathloss, FFS the case when the sensing target height is not fulfilled the application constraints.


	Tiami Networks
			(4)
Observation 2: As object detection demands the need to involve the RCS in channel modeling, the path loss equations inTarget-Rx38.901 need to be modified to include this characteristic. 
Proposal 9: For targets on the ground, the pathloss equations in TR38.901 can be modified using Equation (4).
Proposal 10: For UAVs, the pathloss equations in TR36.777 can be modified using Equation (4).


	Sony
	[bookmark: _Toc163200013][bookmark: _Toc163213518][bookmark: _Toc159230600]Proposal 31:  The RCS of sensing target should be considered in the large-scale pathloss calculation in ISAC channel model.


	Panasonic
	The pathloss for Tx-Target-Rx propagation can be updated as

,


where  and  are based on formulas in Table 7.4.1-1 of TR38.901.



Summary on company views
All interested companies express same/similar view on the pathloss formula for the target specific channel. 
Vivo, Xiaomi, AT&T provide experimental results for the validation. 

For information, CICTCI provides a quite detailed analysis on the pathloss formula
	When only a single reflector is considered, the entire propagation link can be approximated as incident link propagation loss, reflection loss and reflection link propagation loss, where the propagation of a single incident link and reflection link can be approximated as free space propagation, and the reflection loss can be obtained based on the RCS of the scatterer. Considering the TX power as , the propagation distance of incident link as , and the RCS of the sensing target as , then, the reflected power is . Accordingly, the power reflected by the scatterer and ended at the receiver, i.e., , can be derived by the reflected power and the antenna aperture of the receiver. That is, . Therefore, the pathloss of the entire propagation link can be calculated as

Converting to dB value, the formula can be expressed as




Issue 7.1-1
[Moderators’ note] Given the condition of quite converged view, the moderator makes the following proposal. Companies are encouraged to provide further views on the proposal. 

[Medium] Proposal 7.1-1: -[ACTIVE] 
· If RCS of a target is modelled at least in large scale parameters, the RCS is considered in the pathloss model. 

Where,
· is pathloss between Tx and target, where  is the distance between Tx and target in meter (m) 
·  is pathloss between Rx and target, where  is the distance between target and Rx in meter (m)
·  is RCS value in dbsm
· The existing pathloss formula in 3GPP TRs, e.g., TR 38.901. TR 36.777, TR 37.885, etc. is reused as start point. 
· FFS necessary changes, e.g. impact of height of Tx, target or UE. 


	Company
	Yes/No
	Comments

	EURECOM
	Yes
	

	OPPO
	Partially yes
	We think the unit of  in lg() is m2.

	Qualcomm
	comment
	The RCS formula proposed is indeed commonly encountered in radar literature, and is likely valid at least in some scenarios. However, before agreeing to it, we would like to have some more discussion on the set of scenarios it can be applied to. This is because there are at least some cases where an alternative approach may be needed for the pathloss equation. To see this, observe the current 38.901 modeling of ground-truth reflection, which adds a channel coefficient for the reflected ray in addition to the LOS ray (TR38.901, Section 7.6.8, equation 7.6-32). This channel coefficient has an additional weighting factor of d3D/(d1+d2). Assuming free-space propagation (pathloss exponent of 2) this implies  that if we look at the relative powers of the LOS ray and the reflected ray, the LOS ray has pathloss PL(d3D)  while the reflected ray sees an overall pathloss of PL(d1+d2) rather than PL(d1)+PL(d2). It is premature to agree to proposal 7.1.1 without discussing these alternative approaches and their relevant domains of applicability. 

	vivo
	Yes
	

	Ericsson
	
	We support small-scale modelling of RCS.

	CMCC
	
	The above pathloss model is based on the cluster power convolution of the TX-target and target-RX channel. Besides, the formular is reasonable only when all clusters share the same  . If the  is the mean value of all cluster RCSs, the power of nth convoluted cluster should be the appearance possibility of the nth RCS. Otherwise, the  pathloss model should include the  part.

	Apple
	Yes
	

	InterDigital
	Yes
	

	BUPT
	Yes
	

	Spreadtrum
	Yes
	Regarding the first sub bullet, we prefer to delete ‘etc’. If there’s another 3GPP TRs for reference, it’s better to list it out.

	Xiaomi
	
	We agree with OPPO.

	Toyota ITC
	Yes
	

	Nokia
	Yes
	Propose to add FFS on understanding of relation between larget and small scale FFS.

	Samsung
	
	For the , it need to description what mean it is same with other parameters.
Furthermore, if there is misalignment between measurement/ray-tracing results and the proposed formula, we need a room to correct it. But, there is RCS values only. From the pathloss perspective, all of the different aspects with existing channel model can converge into RCS modelling? 



LOS probability

	Company
	Views

	Spreadtrum
	Observation 1: The reciprocity between Tx-Target link and Target-Rx link may not exist in six sensing modes.
Proposal 9: The same values of LOS probability of Tx-target and Rx-target links can be considered in monostatic sensing mode.
Proposal 10: 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.


	E//
	Observation 11	The target can be in line-of-sight or non-line-of-sight of the transmitter, and in line-of-sight or non-line-of-sight of the receiver.
Proposal 4	Model the line-of-sight status of the tx—target and target—rx links using a line-of-sight probability p_los1, p_los2.
Observation 12	Line-of-sight probabilities of certain links can be found in existing TRs.
Proposal 5	Use line-of-sight probabilities from Table 2.
Table 2: Sources for line-of-sight probabilities
	
	Links of different sensing targets

	Communication Scenario
	BS--target link
	UE--target link

	UMa/UMi/RMa
	BS—UAV
	TR36.777
	UE—UAV
	FFS

	
	BS—car
	TR38.901
	UE—car
	FFS

	
	BS—human indoor/outdoor
	TR38.901
	UE—human indoor/outdoor
	FFS

	
	BS—animal
	TR38.901
	UE—animal
	FFS

	InF
	BS—AGV
	TR38.901
	UE—AGV
	TR38.901

	
	BS—UAV
	TR38.901
	UE—UAV
	TR38.901 (same formula as BS link)

	
	BS—human indoor
	TR38.901
	UE—human indoor
	TR38.901 (same formula as BS link)

	InH
	BS—human indoor
	TR38.901
	UE—human indoor
	TR38.901 (same formula as BS link)




	vivo
	Proposal 1: 	Stochastically determine LOS or NLOS for each path based on LOS probability.

	OPPO
	Proposal 1: For the modeling of Htarget, 
· The LOS path of “Tx -> Target -> Rx”, if existing subject to LOS assignment, is modeled based on deterministic geometries of {Tx, Target, Rx}. 
· In a multi-target sensing geometry, multi-hop path over more than one target is not considered. 
Proposal 4: For Tx-Target-Rx path, prioritize LOS modeling over NLOS modeling. 
· In case NLOS is modeled in stochastic way, it is directly modeled in the channel impulse response observed from viewpoint of sensing Rx, rather than using two channel impulse responses that are individually modeled for Tx-Target link and Target-Rx link. 


	CATT
	Proposal 9	The LOS/NLOS probability of target channel (H_target) and background channel (H_background) should be determined respectively.
For mono-static mode, the LOS/NLOS probability of the two links should be determined simultaneously (i.e., the same). The LOS/NLOS probability can reuse the model in TR 38.901Error: Reference source not found, TR 37.885Error: Reference source not found and TR 36.777Error: Reference source not found for different scenarios. 
Proposal 10	For target channel, the LOS/NLOS probability of the Tx-Target link and Target-Rx link should be determined respectively for bi-static modes, and the LOS/NLOS modeling needs to be modified according to the scenarios.
Proposal 14	For background channel, for LOS/NLOS probability, reuse the LOS/NLOS probability in existing TR 38.901 as starting point.
Proposal 16	For background channel, modeling of TRP-TRP and UE-UE direct links need to be considered.

	ZTE
	Proposal 1: For link from Tx to a target, and the link from the target to Rx, pathloss, LOS Probability, and some fast fading parameters can be modeled separately with considering spatial consistency. 
Proposal 8: For sensing channel between transmitter/receiver and a sensing target, LOS probability methodology defined in TR 38.901 can be reused.
Proposal 9: If either link between Tx and a target, or between the target and Rx is LOS, the channel should be modeled. 


	Apple
	Proposal 12: reuse the existing LOS probability scheme in TR 38.901, to respectively apply to each of the Tx-target link and target-Rx
· Investigate if the link from the Tx to the target can be an NLOS link or is only modelled as a LOS link. 
· The link between the target to the Rx can be either LOS or NLOS


	IDC
	Proposal 9: For Tx-target and target-Rx links, model LOS-LOS, LOS-NLOS and NLOS-LOS and study necessity for modeling NLOS-NLOS 


	AT&T
	Proposal 7: The LoS probability for the Tx-target and target-Rx links are determined based on the existing LoS probability in 3GPP TR 38.901
· For monostatic sensing, the LoS probability is the same for Tx-target and target-Rx links
Proposal 9: For ISAC channel modelling, both LoS ray and NLoS multipaths are modelled in the Tx-target and target-Rx link
· For the environment objects, only model direct paths between the Tx and environment object, and environment object and Rx.


	CAICT
	[bookmark: OLE_LINK31]Proposal6: LOS probability of Tx/Rx-target link and Tx-Rx link should be defined for each sensing scenarios like UMA-AVs, InH, Indoor-office, Indoor-factory, and highway. Existing LOS probability schemes in TR 38.901. TR 36.777, TR 37.885 can be used as references with further modification and validation. 


	QC
	Proposal 12: Identify relevant scatter-points for each Tx-Rx link, based on distance to Tx and Rx. Generate LoS probabilities and LoS states for the links from scatter-point to Tx and Rx using existing TR38.901 methodology. The scatter-point changes the existing 38.901 channel from Tx to Rx only if at least one of these links is LoS. Under this condition, add additional rays/clusters arriving at and departing the scatter-point as follows: 
a) Direct from Tx to scatter-point, coupled with direct from scatter-point to Rx, if both links are LoS
b) Optionally, indirect from Tx to scatter-point, coupled with direct from scatter-point to Rx, if both links are LoS or only scatter-point-to-Rx link is LoS
c) Optionally, direct from Tx to scatter-point, coupled with indirect from scatter-point to Rx, if both links are LoS or only Tx-to-scatter-point link is LoS.
The angles of arrival and departure of the direct rays/clusters among (a,b,c) are determined by geometry based on the relative positions of the Tx, scatter-point, and Rx. Properties of the clusters, such as number of clusters and their angular spread, may be functions of the scatter-point type. The gains and delays of the overall paths from Tx to Rx are determined by cascading the coupled arriving and departing rays/clusters at the object, i.e., multiplying their gains together with the corresponding gain function G(.) described in Proposal 11, and adding their delays. 


	Lenovo
	[bookmark: _Toc163213617][bookmark: _Toc163213394]Observation  5. The LOS condition probability between two points (as a TRP and a UE) are given in [1, Subsection 7.4.2]. Nevertheless, the proposed probabilities do not support different variations of the ISAC deployment setup, and further, do not support consistency between the LOS condition of closely located/conditioned links.
[bookmark: _Toc163213827][bookmark: _Toc163213458]Proposal 32. Prioritize Option 1 for statistical modelling of the blockage effect of the sensing channel, and use the available LOS probabilities of [1, Subsection 7.4.2] as a starting point for the blockage modelling of the sensing Tx and Rx-to-target paths. 
[bookmark: _Toc163213459][bookmark: _Toc163213828]Proposal 33. Further validate and enhance the available [1, Subsection 7.4.2] statistics (of LOS condition) for the relevant additional deployment scenarios to ISAC, including target object at different altitude/locations relative to the sensing Tx/Rx nodes. 
[bookmark: _Toc163213460][bookmark: _Toc163213829]Proposal 34. Further develop the LOS statistics with necessary correlation/consistency among the LOS condition of the sensing Tx-target and sensing Rx-target paths, when sensing Tx and Rx nodes are closely located or when two targets are closely located. 
[bookmark: _Toc163213830][bookmark: _Toc163213461]Proposal 35. When knowledge of the EOs are available, the LOS condition for the sensing Tx/Rx-target path is determined via the geometrical blockage modelling as described in “Blockage model B” of [1, Subsection 7.6.4].


	Xiaomi
	[bookmark: _Ref163226751]Proposal 15: Regarding LOS probability of target channel,
· for monostatic sensing mode, LOS/NLOS conditions of Tx-target link and target-Rx link can be assumed to be the same  thanks to the channel reciprocity;
· for bistatic sensing mode, the LOS/NLOS conditions of Tx-target link and target-Rx link should be generated separately using  and .
[bookmark: _Ref157770418]Proposal 16: For target channel for both bistatic and monostatic sensing modes, the LOS probability of Tx-target link and target-Rx link can reuse the LOS probability formulas defined in 3GPP technical reports, e.g.,
· TR 38.901 if the scenario is UMi, UMa, RMa, InH, or InF,
· TR 36.777 if the scenario is UAV,
· TR 37.885 if the scenario is V2X.
· FFS: How to consider the impact of target height on LOS probability.


	EURECOM
	[bookmark: _Ref162627872]Proposal 36: LOS probability is generated as the current models in TR 38.901, TR 37.885, TR 36.777.

	Sharp
	Proposal 4: RAN 1 to discuss whether the existing LOS probability models in TR 38.901 can be reused for generating LOS probability for Tx-target and target-Rx channel independentl

	Tiami Networks
	Proposal 1: Both the LOS and NLOS should be considered for the target channels in either Tx-Target or Target-Rx link. Considering the NLOS at both Tx-Target and Target-Rx links simultaneously is not necessary as it conveys a low amount of information about the object.
Proposal 2: In the case of TRP-involved bistatic and monostatic scenarios, the LOS probabilities for the Tx-target and/or Target-Rx can be reused:
· Human indoor and outdoor: reuse from Table 7.4.2-1 in TR38.901
· Automotive Vehicles: similar to human outdoor from Table 7.4.2-1 in TR 38.901
· Automotive guided vehicles: reuse from Table 7.4.2-1 in TR38.901 (InF-(SL,SH,DL,DH))
· UAV (Uma, Umi, RMa): reuse from Table B-1 in TR 36.777


	Sony
	[bookmark: _Toc163200005][bookmark: _Toc163213510]Proposal 37: For the modelling of Link Tx - sensing target (S) and link sensing target (S) - Rx, consider both the following options: 
· Option 1: Link Tx-sensing target (S) contains only LOS ray. Link sensing target (S) - Rx contains both LOS and NLOS rays.
· Option 2: Link Tx- sensing target (S) and link sensing target (S) -Rx both contains LOS and NLOS rays.


	Panasonic
	Proposal 8	The LOS probability for each of the Tx-target link and target-Rx link can be separately determined by the existing LOS probability scheme in TR 38.901.


Summary on company views
The following four cases may happen in the real deployment for sensing operation: 
· Case 1: The propagation conditions of both Tx-target link and target-Rx link are LOS.
· Case 2: The propagation condition of Tx-target link is LOS while the propagation condition of target-Rx link is NLOS.
· Case 3: The propagation condition of Tx-target link is NLOS while the propagation condition of target-Rx link is LOS.
· Case 4: The propagation conditions of both Tx-target link and target-Rx link are NLOS.

E//, OPPO, Apple, AT&T, ZTE, Xiaomi, CATT, Panasonic, CAICT, CICTCI, vivo, Spreadtrum, Lenovo, Sharp, EURECOM, Tiami Networks propose to reuse the existing LOS probability scheme in TR 38.901, to respectively apply to each of the Tx-target link and target-Rx link. Based on the proposal, assuming the LOS probability of Tx-Target and the LOS probability of Rx-Target are independent, the overall LOS probability can be considered as . Xiaomi, Lenovo and Spreadtrum further observe that the LOS probability should be refined considering the height of sensing target in different use cases. Lenovo also prefer to model blockage when EO is modelled. 

MTK, OPPO expresses a view on target channel to only consider LOS ray in the Tx-target link and target-Rx link.  
ZTE, IDC, QC, Tiami Networks propose that Case 4 doesn’t need to be supported. The following reasons are identified
· the received power will be very weak
· NLOS in both Tx-target and target-Rx link may NOT provide useful information for sensing
AT&T, Sony only considers Case 1 & 2 in ISAC channel model. 

The LOS probability calculation will be different for monostatic. Most companies propose to generate the LOS probability one time and apply to both incident and echo links in monostatic. Spreadtrum prefers to generate the LOS probability of incident wave and echo wave separately even for monostatic. 

Issue 7.2-1
[Moderators’ note] LOS/NLOS is a basic characteristic of radio channels. A basic sensing algorithm will rely on LOS ray in the Tx-target and target-Rx links for sensing operation. On the other hand, an advanced algorithm may be able to exploit the benefit of NLOS multipath assuming the EO that impacts the multipath is in know location. Even if the ISAC channel model is only defined when both Tx-target link and target-Rx link are LOS (Case 1), it is still necessary to check as a pre-condition whether a pair of Tx/Rx have LOS ray to/from a sensing target or not. Therefore, companies are encouraged to provided views on the following proposal. 

[High] Proposal 7.2-1: -[ACTIVE]
The LOS/NLOS state of the target channel for a target (H_target) and the background channel (H_background) are determined separately.
· FFS: LOS probability for UE to UE link and TRP to TRP link

	Company
	Yes/No
	Comments

	ZTE
	Yes
	

	Huawei, HiSilicon
	
	If the background channel in the proposal means the stochastic cluster, should not the proposal only talk about the LOS/NLOS state for a target?

	EURECOM
	Yes
	

	OPPO
	Yes
	

	Qualcomm
	Yes 
	

	vivo
	Yes
	

	New H3C
	Yes
	

	Tiami Networks
	Yes
	

	Ericsson
	
	H_target may have different LOS/NLOS states for the two links.

	CMCC
	Yes
	

	Apple
	Yes
	

	InterDigital
	
	Same comment as Huawei

	BUPT
	Yes
	

	Spreadtrum
	Yes 
	

	Xiaomi
	Yes
	LOS probability for UE to UE link and TRP to TRP link in TR38.858 for SBFD can be start point for that in ISAC channel model.

	Intel
	
	Is this for bi-static only or for mono-static as well? It seem the LOS state definition may be tricky for monostatic case of the background channel.

	Toyota ITC
	Yes
	

	Nokia
	Further clarification needed
	In this case, we seem to be defining LOS differently for target and background channel.  LOS has a clear meaning in background channel, where we assume that a signal propagates directly from Tx to Rx, but in target channel our understanding is that no-such path can exist by definition, rather we may be defining LOS differently based on a direct path component between either the Tx and target or Rx and target. 

	MTK
	Yes
	




Issue 7.2-2
[High] Proposal 7.2-2: 
· The LOS probability for each of the Tx-target link and target-Rx link of a target is determined separately
· The probability schemes in 3GPP TRs, e.g., TR 38.901. TR 36.777, TR 37.885, etc. are reused unless significant problem is identified
· FFS: How to consider the impacts of target height on LOS probability.
· FFS: The correlation of LOS status of Tx-target and Rx-target links of a target when sensing Tx and Rx nodes are closely located

	Company
	Yes/No
	Comments

	ZTE
	Yes
	

	Huawei, HiSilicon
	
	When EO is modelled deterministically, the LOS/NLOS status is decided deterministically as well accordingly.
Suggestion:
Proposal:
· The LOS probability for each of the Tx-target link and target-Rx link of a target is determined separately
-	For scenario in which EO is modelled deterministically, the LOS/NLOS status is deterministically decided accordingly.
-	The probability schemes in 3GPP TRs, e.g., TR 38.901. TR 36.777, TR 37.885, etc. are reused unless significant problem is identified.
· FFS: How to consider the impacts of target height on LOS probability.
· FFS: The correlation of LOS status of Tx-target and Rx-target links of a target when sensing Tx and Rx nodes are closely located

	EURECOM
	Yes
	

	OPPO
	Partially yes
	Some sensing application may require LOS to be a necessary prerequisite so that for these sensing applications the target may be intentionally dropped to a geometry with LOS condition to Tx and/or Rx. So we propose to add deterministic LOS assignment as a second alternative besides LOS condition determination subject to a LOS probability. This comment is similar to HW’s but the difference is that we do not think NLOS condition should be deterministically assigned. 

	Qualcomm
	Yes with comment
	We believe that this is OK for bi-static, but for monostatic, it should be the same for Tx-target and target-Rx. Hence we propose to replace the last FFS bullet with “The Tx-target and Rx-target links should have correlated LOS status if the Tx and Rx are closely located (e.g., monostatic sensing). Correlation may be enforced by spatial consistency procedure, or by directly enforcing the LOS state of one to be derived from that of the other. 

	vivo
	
	We suggest the following wording:
· The probability schemes in 3GPP TRs, e.g., TR 38.901. TR 36.777, TR 37.885, etc. are considered as a starting point.

	New H3C
	Yes
	

	Tiami Networks 
	Yes
	

	Ericsson
	
	Regarding the first FFS, target height on LOS probability has been taken into account in some scenarios of the aforementioned TRs.

	CMCC
	Yes
	

	Moderator
	@QC: good point, I separate monostatic and bistatic in different bullets

@Huawei, OPPO: we don’t have agreement on EO yet, seems wording suggest by vivo partly solve your concern. So LOS probability in existing TR is start point, we definitely need a discussion if we eventually agree to model EO without stochastic clutter in target channel. 



[High] Proposal 7.2-2a: 
· For bistatic, Tthe LOS probability for each of the Tx-target link and target-Rx link of a target is determined separately
· For monostatic, a LOS probability is determined and applies to both the Tx-target link and target-Rx link of a target 
· The probability schemes in 3GPP TRs, e.g., TR 38.901. TR 36.777, TR 37.885, etc. are reused unless significant problem is identifiedconsidered as start point
· FFS: How to consider the impacts of target height on LOS probability.
· FFS: The correlation of LOS status of Tx-target and Rx-target links of a target when sensing Tx and Rx nodes are closely located for bistatic

	Company
	Yes/No
	Comments

	Apple
	Yes
	

	InterDigital
	
	Considering multiple companies have expressed their concern for Case 4, we propose to add the following FFS. 
· FFS: whether to support Case 4(The propagation conditions of both Tx-target link and target-Rx link are NLOS).

	Xiaomi
	Yes
	

	Intel
	
	We are wondering how the number of bounces relates to the LOS state on tx/rx-target link? Is LOS-LOS means 1-bounce, NLOS-LOS or LOS-NLOS means 2-bounce?

	Toyota ITC
	Yes
	

	Nokia
	Yes
	Ok to support

	Moderator
	@InterDigital: This proposal is on LOS probability determination, but not for whether/how to model it, so I guess we don’t need to FFS Case 4?
Based on a previous comment from Huawei, LOS probability is not necessary if only EO is modelled in target channel, I now add a bullet for it. Companies are encouraged to provide view on following proposal.



[High] Proposal 7.2-2b: -[ACTIVE]
If NLOS ray(s) are modelled by stochastic clutter(s) in target channel
· For bistatic, the LOS probability for each of the Tx-target link and target-Rx link of a target is determined separately
· For monostatic, a LOS probability is determined and applies to both the Tx-target link and target-Rx link of a target 
· The probability schemes in 3GPP TRs, e.g., TR 38.901. TR 36.777, TR 37.885, etc. are considered as start point
· FFS: How to consider the impacts of target height on LOS probability.
· FFS: The correlation of LOS status condition of Tx-target and Rx-target links of a target when sensing Tx and Rx nodes are closely located for bistatic
If NLOS ray(s) are modelled by environment object(s) in target channel
· The LOS condition for each of the Tx-target link and target-Rx link of a target is geometrically determined according to the locations of Tx/target/Rx

Shadow fading
	Company
	Views

	Apple
	Proposal 13: For shadow fading, the existing shadow fading model in TR 38.901 can be used for both mono-static and bi-static sensing. 


	
	

	
	




Fast fading modelling
Target channel
Bistatic 
Monostatic

Background channel
Bistatic 
Monostatic

Spatial consistency modelling
	Company
	Views

	Spreadtrum
	Proposal 14: For spatially-consistent UT/BS/Targets mobility modelling, enhancements on Procedure A is supported.


	Intel
	Proposal 4
· For the environment related channel component, the spatial/temporal consistency model captured in TR 38.901, section 7.6.3 is a baseline.
· For the quasi-deterministic channel component, study any necessary additional considerations for spatial/temporal consistency.


	vivo
	Observation 10: 	Spatial consistency procedure defined in TR38.901 is workable for the link between the sensing transmitter (TRP) to the sensing target, but unworkable for the link between the sensing target to the sensing receiver (UE).
Proposal 13: 	For sensing channel based on stochastic approach, study the enhanced spatial consistency; the spatial consistency modeling defined in TR38.901 can be a starting point, in consideration of sensing-target-specific network topology.
Observation 11: 	For some scenarios, e.g., UAV, 3D-based spatial consistency model may be needed; extending 2D-based spatial consistency method still supports 3D-based spatial consistency.
Proposal 14: 	Extend 2D-based spatial consistency method to support 3D-based spatial consistency for some scenarios, e.g., UAV.
Observation 12: 	Spatial consistency for the links through different targets should be considered.
Proposal 15: 	Study the enhanced spatial consistency for sensing channels through different targets, in consideration of the proposed random variable interpolation method (RVIM) based on correlated grid topologies.
For example, when the sensing target speed is taken into account, the change of distance can be expressed as:

Proposal 16: 	For spatially-consistent UT/TRP/Targets mobility modelling, the enhancements on Procedure A can be considered.


	CATT
	Proposal 17	Reuse the spatial consistence model in TR 38.901 but replace site-specific correlation type with sensing target-specific correlation type.

	Samsung
	Observation 10: the movement of the sensing target and Tx/Rx can cause drastic changes in the sensing parameters, which may have serious impact on sensing performance
Proposal 15: Consider the spatial consistency modelling for the stationary Tx/Rx and moving sensing target first, then optionally for some cases, e.g., mobile Tx/Rx and moving target


	Apple
	Proposal 20: Enable spatial and temporal consistency for sensing channel.
· The spatial consistency modelling defined in TR 38.901 can be used as a starting point and updated to accommodate both target and Tx/Rx movement.


	MTK
	[bookmark: _Ref159168222]Proposal 38: For ISAC sensing target and static background environment (i.e., environment object), both naturally meet the spatial consistency since the sensing parameters are calculated based on the deterministic/known information.
[bookmark: _Ref159168223]Proposal 39: For the spatial consistency of ISAC random background clutter, taking TR 38.901 spatial consistency procedure as a starting point. 


	AT&T
	Proposal 4: For ISAC channel modelling, include the spatial consistency procedure for the sensing devices and the sensing target. 


	QC
	Proposal 16: The TR38.901 procedures for spatial consistency can be reused for each hop of the cascade of hops from Tx to Rx representing interactions with intermediate scatter-points. The resulting channels can be cascaded to produce the overall spatially consistent sensing channel. 


	Tiami Networks
	Proposal 11: ISAC channel model needs calibration and spatial consistency considerations.


	Sony
	[bookmark: _Toc159230606][bookmark: _Toc163213511][bookmark: _Toc163200006]Proposal 40: RAN1 to study these two aspects for defining new spatial correlation for ISAC:
· Identifying which two links in ISAC topology should be considered correlated and which are not.
· Determining how to model the correlation coefficient among different links – whether it is distance/angle-dependent or constant.  
[bookmark: _Toc163213512][bookmark: _Toc163200007]Proposal 41: For ISAC spatial consistency, two types of correlations should be considered: 1) Correlation between AN-S link to another AN-S link, 2) Correlation between AN-AN link to AN-S link. P.S. AN – UE/gNB, S – Sensing target.
[bookmark: _Toc159230607][bookmark: _Toc163200008][bookmark: _Toc163213513]Proposal 42: For modeling spatial correlation between Link UE/gNB – sensing target and another Link UE/gNB-target , the following three options should be considered: 
· UE/gNB-specific spatial correlation (Correlated among a subset of links)
· Sensing target-specific spatial correlation (Correlated among a subset of links)
· New spatial correlation supporting both the above two correlations (Correlated across all the links)
[bookmark: _Toc163200009][bookmark: _Toc163213514]Proposal 43: For modeling simplicity, the link UE/gNB-UE/gNB and Link UE/gNB-target can be modeled as uncorrelated, e.g, = 0.


	Lenovo
	[bookmark: _Toc163213470][bookmark: _Toc163213839]Proposal 44. Treat spatial consistency process of the sensing cluster, or sensing channel, as separate procedure than the background/environment channel, wherein each of the channel generation Steps 1-4 of Subsection 3.1 are evolved separately with necessary consistency requirements.
[bookmark: _Toc163213471][bookmark: _Toc163213840]Proposal 45. For the background/environment channel, take the spatial consistency procedures of [1, Subsection 7.6.3] as a starting point and enhance to support 3-D movement of the target, as well as the 3-D movement of the sensing Tx, sensing Rx nodes. 
[bookmark: _Toc163213472][bookmark: _Toc163213841]Proposal 46. Define, for different sensing targets, correlation distance for the angle of incidence from a sensing Tx node and for an angle of reflection from a sensing target towards a sensing Rx node. 


	IDC
	Proposal 7: Study spatial and temporal consistency for moving target, or relative movement of Tx or Rx with  respect to the target in ISAC channel model.


Summary on company views
CATT, vivo, Intel, Apple, AT&T, Spreadtrum, IDC, Samsung, MTK, Lenovo, QC, Sony, Tiami Networks and Xiaomi discuss the necessity for spatial consistency. However, most discussion are in high level. 

Spreadtrum shows a preference on reusing spatial consistency Procedure A in TR 38.901
vivo, CATT propose to replace site-specific correlation type with sensing target-specific correlation type: 
vivo, CATT, Xiaomi propose to support 3D based spatial consistency


[Moderators’ note] Given most discussions are in high level. The moderator suggests to wait for more inputs with detailed solutions.

Calibration
	Company
	Views

	CATT
	Based on the previous discussion, it is natural to create three stages based on three major parts in the model: large scale fading, small scale fading and spatial consistency / mobility modeling.
Proposal 12: Channel model calibration is needed and should be carried out in different stages.

	QC
	Proposal 4: Defer detailed model calibration discussion until more progress has been made on the modeling. 


	Xiaomi
	[bookmark: _Ref157770495]Proposal 31: Only SLS should be considered for calibration of ISAC channel model.
[bookmark: _Ref157770506]Proposal 32: Large scale calibration, full calibration, and spatial consistency calibration should be considered with priority in ISAC channel calibration.
[bookmark: _Ref159263115]Proposal 33: For large scale calibration/full calibration/spatial consistency calibration, best beam pair of sensing Tx and sensing Rx for a specific target should be determined based on the RP from port 0.
[bookmark: _Ref157770513][bookmark: _Ref159263121]Proposal 34: For a specific sensing target, the pair(s) of (sensing Tx, sensing Rx) considered in the calibration shall be constrained, considering the pathloss or RP from port 0 of the target channel.
[bookmark: _Ref157770521][bookmark: _Ref159263126]Proposal 35: Performance metrics for calibration should be determined for sensing, and the metrics in TR 38.901 can be considered as the starting point.
· Large-scale calibration: Coupling loss, SINR, and SIR.
· Full calibration: Coupling loss, SIR, CDF of Delay Spread and Angle Spread.
· Spatial consistency calibration: Coupling loss, SINR, Cross-correlation coefficient of delay/AOA/LOS-NLOS status/channel response, CDF of average varying rate of power/delay/AOA.
[bookmark: _Ref157770537]Proposal 36: The definitions of performance metrics for calibration should be clarified for sensing.
· The target channel should be considered for calibration of coupling loss, CDF of Delay Spread and Angle Spread, Cross-correlation coefficient of delay, AOA/LOS-NLOS status/channel response, CDF of average varying rate of power/delay/AOA.
· The definitions of the metrics in TR38.901 can be reused, wherein communication channel between TRP and UE is replaced by the target channel between sensing Tx and sensing Rx.
· Both the target channel and background channel should be considered for calibration of SIR and SINR.
· Target channel should be considered as signal (S).
· Target channel of other targets and background channel for the same pair of sensing Tx and sensing Rx shall be considered as Interference (I).
· FFS: Whether received signal from other transmitters to the same Rx including both target channel and background channel should be considered as Interference (I).
· The rays considered in large scale calibration/full calibration/spatial consistency calibration are as follows when refer to TR 38.901.
· The target channel (based on LOS pathloss) and background channel (based on LOS pathloss) should be considered in S and I in large scale calibration.
· The LOS ray and NLOS rays of target channel and background channel should be considered in S and I in full calibration/spatial consistency calibration.


	Lenovo
	Proposal 28. The ISAC channel model to be calibrated both with respect to the communication performance and sensing performance. 
Proposal 29. For calibration of the ISAC channel model for communication, at least the SNR of ISAC channel can be considered as the calibration metric.



Prioritized use cases for calibration
Metrics
Assumptions for calibration
Calibration results
Validation results
Issue 11.1-1
[Moderators’ note] This section targets to be a reference to any validation campaign done by the companies, so that a company can easily find the validation date for cross-checking. As proposed in Proposal 4.3-1, assuming the validation result is always submitted with a companion proposal, we may check the validation results in the discussion of the related proposal. 
[Low] Proposal 11.1-1: -[ACTIVE]
· RAN1 will check the validation results in the discussion of the related proposals

	Company
	Yes/No
	Comments

	
	
	

	
	
	

	
	
	



Validation results from companies are provided in a companion document in same folder https://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_116b/Inbox/drafts/9.7(FS_Sensing_NR)/9.7.2%20ISAC%20channel%20modelling/Validation%20on%20ISAC%20chanenl%20modeling_v000_Moderator.docx 

Others
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[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
· [bookmark: OLE_LINK2]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
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