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Introduction
In RAN1 116-bis meeting, the following agreements were achieved:

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

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

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

Agreement
· In the target channel between Tx and Rx, scattering of a sensing target can be modelled as single scattering point or multiple scattering points 
· FFS one or multiple incoming/output rays corresponding to a scattering point
· FFS how to select single or multiple scattering points for the target, e.g. depending on the distance between target and Tx/Rx, size/shape of target, etc.
· Note: the sensing target can be assumed in far field of sensing Tx/Rx.
· FFS details to model the single or multiple scattering points

Agreement
RCS of a physical object shows dependency to at least the following factors: 
· Type of the object
· The size of the object
· The material of the object
· The shape of the object
· Orientation of the object
· FFS: Distance between Tx/Rx and the object
· The incident angle and scatter angle
· The carrier frequency
· polarization of the transmitter and receiver
· FFS Temporal or spatial consistency
· FFS antenna pattern
· FFS whether/how to model the above factors in the CR, e.g. with an RCS model with a scattering point

Agreement
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

This contribution elaborates our views on the modelling of target/background channels and the modeling of target RCS effect.
Discussion 
Relation between Rel-19 ISAC channel model and legacy 38.901 channel model
RAN1 already agreed to formulate Tx-Rx channel impulse response (CIR) as , where  contains all the channel components that travel from Tx to Rx and pass through at least a sensing target, and  contains all the channel components that travel from Tx to Rx but do not pass through any sensing target. It is almost a common understanding that the modeling of components in  can follow the method in current 38.901.  However, it may deviate into two directions when it comes to a decision whether the target channel should be added on top of whole 38.901 channel model (i.e., 38.901 channel model is completely applied to ) or a replacement of part of 38.901 channel model (i.e., only a part of 38.901 channel model is used to model ). Orthogonal to this choice, the target channel can also be modeled by a single cluster where the Tx-Target-Rx LOS path is modeled by the first sub-cluster (a modeling concept already defined in 38.901, ref. Table 7.5-5 in 38.901) in the cluster and the NLOS paths are modeled by remaining sub-clusters in the cluster, or by a set of clusters where the Tx-Target-Rx LOS path is modeled by the first cluster and the NLOS paths over the target are modeled by other clusters in the set. 
Observation 1: Assume the current 38.901 channel model offers N38901 clusters for a given scenario, there can be four options in modeling  and  for Ntarget targets involving with same pair of Tx/Rx: 
· Option-A:  is modelled by N38901 clusters as in 38.901. Each target channel for a target is modelled by an additional set of NT clusters (NT≥1).  
· There are totally N38901+ Ntarget·NT clusters in Tx-Rx channel impulse response (CIR). 
· The large-scale fading in Tx-Rx CIR is the aggregation of large-scale fading in  and large-scale fading in each of Ntarget target channels, where the total large scale fading in Tx-Rx CIR is not ensured to stochastically match what 38.901 defines for a communication channel. 
· The LOS path over Tx-Target-Rx for a target, if exists, is modelled by the first-arrival cluster of NT clusters in the set. The NLOS paths over Tx-Target-Rx for the target are modelled by the clusters in the set that are not used to model LOS path.
· Option-B: The number of clusters in 38.901 channel model for the given scenario is optionally increased to N38901+ Next where Next≥0 and N38901+ Next is a number supported by 38.901 (for a different scenario). Each target channel for a target is modelled by a set of NT clusters (NT≥1) that either replace or modify the NT out of N38901+ Next clusters.  is modelled by the remaining N38901+ Next - Ntarget·NT clusters.
· There are totally N38901+ Next clusters in Tx-Rx channel impulse response (CIR). 
· The large-scale fading in Tx-Rx CIR is the same as defined in 38.901 for the given scenario. 
· The LOS path over Tx-Target-Rx for a target, if exists, is modelled by the first-arrival cluster of NT clusters in the set. The NLOS paths over Tx-Target-Rx for the target are modelled by the clusters in the set that are not used to model LOS path. 
· Option-C: Each target channel for a target is modelled by a single cluster that replaces one of N38901 clusters and is split into multiple sub-clusters.  is modelled by the remaining N38901 - Ntarget clusters.
· There are totally N38901 clusters in Tx-Rx channel impulse response (CIR). 
· The large-scale fading in Tx-Rx CIR is the same as defined in 38.901 for the given scenario.  
· The definition of sub-clusters takes Table 7.5-5 in 38.901 as starting point. 
· The LOS path over Tx-Target-Rx for a target, if exists, is modelled by the first-arrival sub-cluster of the corresponding cluster. The NLOS paths over Tx-Target-Rx for the target are modelled by the sub-clusters in the cluster that are not used to model LOS path.
Because the Option-A may lead to un-matched large-scale fading over Tx-Rx CIR between Rel-19 ISAC channel model and legacy 38.901 channel model, an ISAC evaluation platform built on Option-A needs to jointly use Rel-19 ISAC channel model for sensing evaluation and legacy 38.901 model for communication evaluation, which not only increases evaluation complexity but also can be problematic because the two channel models run independently in SLS and consequently one model may observe high fading when the other model observes low fading on the same link so that the power control in one evaluation may not work in another evaluation running in parallel. Meanwhile, Option-A also suffers potentially un-matched communication performances over Tx-Rx link between ISAC evaluation and non-ISAC evaluation performed in the past.  
In contrast, Option-B and Option-C provide the same large-scale fading as provided by legacy 38.901 model and are able to avoid above issues. Option-B may put a limitation on number of targets (Ntarget), which is one of motivations to design Option-C. However, Option-C may need to expand the time-domain spanning of the cluster in order to cover all the necessary NLOS sub-clusters over Tx-Target-Rx link. In summary, we prefer Option-B and Option-C. 
Proposal 1: RAN1 chooses Option-B or Option-C, in order to maintain same large scale fading in Tx-Rx CIR between Rel-19 ISAC channel model and legacy 38.901 channel model.  
Modeling of LOS propagation over Tx-Target-Rx link 
There can be two alternatives to model LOS propagation over Tx-Target-Rx link: 
· The first is based on deterministic free-space propagation theorem that is directly applied to just LOS propagation, which is in general modelled as a single cluster or sub-cluster. 
· The second is based on stochastic pathloss formula that is applied to combined clusters/sub-clusters of LOS+NLOS, where the LOS component is obtained from this LOS+NLOS combination according to a certain LOS-to-NLOS energy ratio. This LOS-to-NLOS energy ratio is likely stochastic as well. 
It should be noted the current 38.901 uses the second alternative to model LOS, where both the pathloss formula (i.e., LOS+NLOS combination) and the LOS-to-NLOS ratio are stochastic.  
Observation 2: There are two alternatives to model LOS propagation (if existing subject to LOS assessment) over Tx-Target-Rx link.
· LOS Alt-1:  LOS propagation is modelled separately from NLOS on a per cluster or sub-cluster level. 
· The formula  (if agreed) applies on a per cluster or sub-cluster level, with PL(d) as free-space propagation formula. 
· LOS Alt-2:  LOS propagation is modelled based on LOS+NLOS combination and LOS-to-NLOS energy ratio, at least one of which uses stochastic modelling. 
· As a LOS+NLOS combination, the formula  (if agreed) applies to all LOS/NLOS paths over Tx-Target-Rx, with PL(d) being a stochastic propagation formula. 
· LOS-to-NLOS energy ratio can be reflected by either relative powers of LOS/NLOS clusters that follow a single slope exponential power delay profile, or relative powers that follow a fixed set of normalized ratios.  
With LOS Alt-1, if  with RCS term is agreed for LOS, RCS impact may need to be modelled in small-scale for NLOS propagation as well. With LOS Alt-2, any power uncertainty occurring on NLOS due to the stochastic nature would bring the uncertainty to LOS modeling, which can be a negative point for evaluation of sensing applications where the nature of “being deterministic” is important for sensing. Meanwhile, once applying to multi-clusters over LOS+NLOS, the term of  suggests in mathematics a convolution of Tx-to-Target CIR and Target-to-Rx CIR.  
Proposal 2: RAN1 further discusses LOS Alt-1 and LOS Alt-2.
Option-1 vs. Option-2 as in RAN1 #116bis agreement  
In our understanding, the Option-1 in the RAN1 #116bis agreement, which uses the wording of “concatenation of path(s) from Tx to target and from target to Rx”, may still have a potential deviation into two following sub-options according to discussions in RAN1 #116bis: 
· Option 1-1: Tx-Target-Rx CIR is modeled by concatenation of Tx-to-Target CIR and Target-to-Rx CIR. Here “concatenation” means “convolution”, i.e.,   for a single target.
· Option 1-2: Tx-Target-Rx CIR is modeled by an additive combination of a group of path concatenations, where each of concatenations picks one path from Tx-to-Target CIR and one path from Target-to-Rx CIR.  
It can be seen that the Tx-Target-Rx CIR in Option 1-2 can be a part of Tx-Target-Rx CIR in Option 1-1. For example, all of {Tx-to-Target CIR, Target-to-Rx CIR, Tx-Target-Rx CIR} may have the same number of CIR taps. However, we fail to identify the theoretical foundation for such concatenation example to be derivable, especially in the case where the formula of  is used: if  and  represent cluster energy compositions on Tx-Target link and Target-Rx link respectively,   in scale unit.    
Observation 3: The Option-1 in RAN1 #116bis agreement can be further understood as two sub-options.
· Option 1-1: The target channel for a target is modelled by convolution of Tx-to-Target CIR and Target-to-Rx CIR.
· Option 1-2: The target channel for a target is modelled by a subset of CIR that is a convolution of Tx-to-Target CIR and Target-to-Rx CIR.
· Option 1-2 is not quite compatible with formula  if LOS Alt-2 principle is applied. 


[bookmark: _Ref613084036]Figure 1 Channel cluster composition in Tx-Rx channel impulse response (CIR)
In Option 2, the philosophy in building an ISAC channel model is to start with Tx-Rx CIR (with N38901+ Next taps for Option-B or N38901 taps in Option-C) that is generated according to the existing 38.901 for the corresponding scenario of communication purpose, and to replace/modify some of Tx-Rx channel clusters/sub-clusters so that they can reflect Tx-Target-Rx channel path. Such replacements/modifications are performed directly on the Tx-Rx CIR clusters (for Option-B) or sub-clusters (for Option-C) observed at end of Rx, without taking convolution of Tx-to-Target CIR and Target-to-Rx CIR. Assume a general Tx-Rx channel composition in Figure 1, where “Target i” (for 1≤i≤Ntarget, where Ntarget is number of targets involving with the same pair of Tx and Rx) and “E” are objects with known (i.e., geo-deterministic) locations while “B’s” are objects with unknown locations.  From observation of Rx, all the channel (sub-)clusters in the Tx-Rx CIR can be categorized into three types: 
· Geo-deterministic (sub-)cluster: This type of channel (sub-)cluster starts at Tx and ends at Rx, passing through only objects with known locations, such as targets and/or “E or EO” objects, but not any objects with unknown locations such as “B”. The following propagation paths (constructed by solid arrow lines only) in Figure 1 generate the geo-deterministic (sub-)cluster: 
· In target channel for Target i:  Tx -> Targeti -> Rx. 
· Type-1 EO is not considered in target channel. Type-2 EO is FFS if supported. 
· In background channel: Tx -> {Type-1 EO} -> Rx
· The modeling of Type-1 EO in background channel can follow the same way as for target in target channel.  
The modeling of geo-deterministic (sub-)clusters can be formulated as following: 
· For each Tx-Target-Rx geometry, if at least one leg (such as Tx-to-Target, Target-to-Rx) is determined as NLOS condition, the corresponding geo-deterministic (sub-)cluster is not generated; otherwise, generate the (sub-)cluster as following: 
· Delay:  The first-arrival delay is (d1+d2-d)/c, where d is LOS distance between Tx and Rx and c is light speed. 
· Power:  Use LOS Alt-1. 
· Departure/arrival angles: use LOS direction of Tx-to-Target and LOS direction of Target-to-Rx.  
· Use all Nc (Nc≤Ntarget) geo-deterministic (sub-)clusters generated in previous step to replace Nc  clusters (or first sub-cluster in each of Nc selected clusters) in 38.901 channel model. The selection of Nc out of N38901 clusters for the replacement can be FFS; but one feasible way is to choose Nc out of N38901 clusters to reach minimum square error (MSE) on cluster delays. 
· Type-1 stochastic (sub-)cluster: This type of channel (sub-)cluster passes through at least one object with known location and at least one object with unknown location. As in Figure 1, Type-1 stochastic (sub-)clusters corresponds to:
· In target channel for Target i:  Tx -> {Targeti and at least one B in any order} -> Rx
· In background channel:  Tx -> {at least one E and at least one B in any order} -> Rx 
The modeling of a Type-1 stochastic (sub-)cluster could be less straightforward than the modeling of geo-deterministic clusters. Within our preference, 
Within Option-B (target channel for a target consumes NT  Tx-Rx cluster, and NLOS paths use clusters not used for LOS):   
· The cluster delay should meet all of following conditions:
· The cluster delay is exponentially distributed as those modelled in 38.901;  and
· The cluster delay is larger than the total propagation delay over a Tx-to-Rx propagation path that travels through only the same set of objects with known locations but no objects with unknown locations. For example, the cluster delay for a propagation path “Tx -> B -> Targeti -> Rx” should be lower-bounded by the cluster delay of “Tx -> Targeti -> Rx”.   
· The cluster power is derived in the same/similar way as those in 38.901 (if RCS impact is not modelled in small-scale fading), i.e., it is an exponential function of the cluster delay multiplying a log-normal random shadowing component. It can be further discussed whether to maintain the LOS-to-NLOS energy ratio at meanwhile.  
· The cluster angles can also follow the modelling method defined in 38.901, except using the following substitutions: 
Table 1 Parameter substitution in deriving departure/arriving angles
	
	Parameters in 38.901 method 
	Substituting parameter for Tx-to-Target leg 
	Substituting parameter for Target-to-Rx leg

	Input parameter substitutions
	LOS/NLOS probability
	LOS/NLOS probability based on Tx-to-Target distance
	LOS/NLOS probability based on Target-to-Rx distance

	
	LOS AOD/ZOD
	LOS direction on Tx-to-Target leg
	LOS direction on Target-to-Rx leg

	
	
	No substitution:   is still the cluster-level power, because Option-2 does not assign power for either of two legs. This does not seem to change much on  comparing to using leg-based , because the distance impact is somehow cancelled in .  Note that  counts all clusters passing through the target, including those in both geo-determinsitic catogory and Type-1 stochastic category. Meanwhile,  is the value after cluster power normalization (if perforrmed). 

	Output parameter substitutions
	Angles for AoD/ZoD
	Departure angles at Tx
	Departure angles at Target

	
	Angles for AoA/ZoA
	Arrival angles at Target
	Arrival angles at Rx


Within Option-C (target channel for a target consumes 1 Tx-Rx cluster, and NLOS paths use sub-clusters not used for LOS in the cluster):  
Following a principle given in Table 7.5-5 of 38.901 that defines sub-cluster, sub-cluster corresponding to i=1 maps to LOS, while all the sub-clusters not used by LOS are used for NLOS.  
Table 7.5-5: Sub-cluster information for intra cluster delay spread clusters
	sub-cluster #
[image: ]
	mapping to rays
[image: ]
	Power
[image: ]
	delay offset
[image: ]
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	4/20
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Then for Type-1 stochastic sub-clusters (corresponding to i=2 and i=3 assuming sub-clusters defined by Table 7.5-5), 
· The sub-cluster delay is derived based on the given delay offsets.  
· The cluster power is derived based on the LOS-to-NLOS energy ratio being defined. With Table 7.5-5, the ratio is   
· The cluster angles can follow the same procedure as in Option-B above. 
· Type-2 stochastic cluster: This type of channel cluster passes through only objects with unknown locations (i.e., B’s) but not any objects with known locations. They exist in background channel only and model the propagation paths of “Tx ->{B} -> Rx”.  The modeling of Type-2 stochastic cluster can reuse what 38.901 defines for stochastic channel cluster.  For Option-B and Option C, Type-2 stochastic clusters are the left-over ones after the other two types of clusters are consumed in Tx-Rx CIR. 
Proposal 3: Option-2 in RAN1 #116bis agreement is adopted for ISAC channel model. 

Modeling of RCS effect  
The formal definition of RCS (Knott et al.,1985) is
[image: ]
where Eb and Et are the complex amplitudes of backscattered and transmitted electric fields, respectively. According to above definition, RCS is a real number and represents amplitude/energy variation only. In radar theorem, RCS is a large-scale concept due to a fact that the measurement of RCS usually depends on total power measurement, rather than ray power measurement. There are already some well-assumed RCS for the typical detection targets, as listed in Table 2. Besides typical fixed RCS values, statistical characterization of RCS was also studied and some typical probability density functions (PDF) are summarized in Table 3[4]. For an accurate modeling, the RCS of an object can be also frequency-dependent.  
Table 2 Typical RCS values
	Detection target
	RCS size (m2)

	Human 
	1

	Automobile
	10~100

	UAV (small)
	0.01

	UAV (medium)
	0.1
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	Model name
	PDF for RCS
	Comment

	One parameter PDFs
	Nonfluctuating Marcum, Swerling 0 or Swerling 5
	

	Constant echo power, e.g. calibration sphere or perfectly stationary target with no radar or target motion.

	
	Exponential, chi-square of degree 2
	

	Many scatters, randomly distributed, none dominant. Used in Swerling case 1 and 2 models.

	
	Chi-square of degree 4
	

	Approximation to case of many small scatters and one dominant. Used in Swerling case 3 and 4 models.

	Two-Parameter PDFs
	Chi-square of degree 2m, Weinstock
	

	Generalization of the two preceding cases. Weinstock cases correspond to 0.6<=2m<=4.Higher degrees correspond to presence of a more dominant single scatterer.

	
	Noncentral chi-square of degree 2
	

	Exact solution for one dominant scatterer plus many small ones.  Corresponds to Rice amplitude PDF. Ratio of dominant RCS to sum of small RCS is .is the modified Bessel function of the first kind and order zero

	
	Webull
	


	Empirical fit to many measured target and clutter distribution. Can have longer “tail” than previous cases. Not readily expressible in terms of 

	
	Log-normal
	


	Empirical fit to many measured target and clutter distributions. “Tail” is longest of previous cases.  is the median value of . Not readily expressible in terms of 


The above RCS formulations are all independent from geometry relation between the target and sensing Tx/Rx, such as orientation and incident/scattering angles. Therefore they can be considered as RCS effect caused by the characteristics of target object itself, such as size/shape/material. From channel model point of view, this RCS effect is less relevant to channel model methodology, so it can be either an informational parameter or modeling input. In comparison, the RCS effect due to orientation and incident/scattering angles should be implemented in the channel modeling methodology.  
Proposal 4: RCS effect is modeled from two aspects
· RCS effect due to the characteristics of the target object itself, such as size/shape/material, is a real random number (denoted as RCStarget) following a statistics distribution. 
· RCS effect in channel model due to the geometry relation between the target and sensing Tx/Rx, such as orientation and incident/scattering angles, is a function of RCStarget and the geometry relation.  
For example, if geometry relation impact to RCS in pathloss should be modeled, the  in the formula  should be 
.
Spatial consistency
Spatial consistency is intended to model that the channel involving with location A and the channel involving with location B are similar or correlated if A and B are sufficiently close to each other. In current 38.901, spatial consistency is captured via spatial correlation (Sec.7.5, 7.6.3.1 and 7.6.3.3) and spatially consistent mobility (Sec. 7.6.3.2). These existing methodologies for spatial consistency should be kept in ISAC channel model. 
With a target object emerging into channel model, the needs of new spatial consistency modeling can be discussed from three categories: 
· The spatial consistency within one Tx-target-Rx geometry, including: 
· Consistency between target channel and background channel given the two share the same pair of Tx/Rx locations
Consistency between clusters over the same pair of Tx/Rx is not different from what is already described within legacy 38.901 channel model. So there is no need to explore new consistency property between target channel cluster and background channel cluster due to same locations of Tx/Rx. 
· Consistency between Tx-to-Target link and Target-to-Rx link
Such consistency property is not needed for Option-2 (end-to-end modelling) which does not model Tx-to-Target and Target-to-Rx as two separate CIRs. FFS for Option-1. 
· Consistency between target channels with a target moving around close locations 
As BS/UT mobility consistency is considered in current 38.901, we expect the mobility consistency should be also considered in ISAC channel model. 
· The spatial consistency between different Tx-Target-Rx geometries, including
· In multi-static sensing where different Tx-Target-Rx geometries share the same Target but different Tx and/or Rx. 
In the current 38.901, the spatial consistency is already provided by linking random value generation to a grid coordination on a 2D plain. Therefore the spatial consistency for two channels, such as Tx-Target-Rx1 and Tx-Target-Rx2, can be somehow already there given the two channels adopt the correlated random values for the same Tx location and the same Target location. Meanwhile, it can be a FFS whether additional spatial consistency is needed.   
· In multi-target sensing where different Tx-Target-Rx geometries share the same pair of Tx/Rx but different targets. 
If different target channels are considered as different clusters within the same Tx-Rx CIR, the consistency consideration has no difference from what is already described in legacy 38.901. So, similar to consistency between target channel and background channel, there is no need to explore new consistency property in this case. 
· The enhancement to existing spatial consistency methodology, independently from Tx-Target-Rx geometry construction, including
· The spatial consistency in current 38.901 is based on a 2D random process (in the horizontal plane, ref. section 7.6.3.1 in 38.901). It is a question whether/how to enhance it to a 3D random process, at least for certain specific scenario or use case like UAV.  

Proposal 5: RAN1 discusses whether/how to model new spatial consistency for the following cases: 
· Consistency between Tx-to-Target link and Target-to-Rx link (only if Option-1 is agreed)
· Consistency due to target mobility around close locations
· Consistency between different Tx-Target-Rx channels in multi-static sensing for the same target. 
· Enhancement from 2D random process to 3D random process for certain specific scenarios. 

Using micro-Doppler property in Tx-target-Rx channel modeling
It is stated in SID [1] as part of objectiveness that “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”. In general, the traits to enable target to be distinguished from unintended objects can be RCS, shape or micro-Doppler. A conventional air surveillance radar system can rely on the RCS of an aircraft for detection. But this may not always provide reliable detection. Take an example in case of drones, the birds can have similar physical size to drones and fly at similar altitude and speed. Shape is difficult to sketch due to limited bandwidth of sensing signal. In contrast, UAV detection/identification based on micro-Doppler is proved effective and becomes more and more attractive. It is shown in Figure 2 [5] that the micro-Doppler characteristics differ significantly between drones and birds. 
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[bookmark: _Ref725027802]Figure 2 Micro-Doppler difference between drone (left) and bird (right) [4]
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	Sensing targets
	Micro-Doppler function f(t)

	UAV
	The kth blade of the dth rotor:  
 is the distance between the blade roots and the center of the rotation, and as the distance between the blade tip and the center of the rotation, β is the elevation angle of the rotor to the radar line-of-sight (LOS), and   is the phase of the kth blade of the dth rotor, with denoting the initial rotation angle, and  is the rotation radian frequency of the dth rotor [5].

	Birds
	
 is azimuth angle,  is pitch angle and flapping angle is 

is maximum flapping angle,is flapping frequency [5].

	Respiration rate and heartbeat rate
	
 and are the amplitudes of human heartbeat and respiration, and and are the angular frequencies of heartbeat and respiration [5].


To support evaluation on sensing false-alarm, the ISAC channel modeling should allow the micro-Doppler taking its effect in the modeling to enable micro-Doppler based target identification. Table 4 lists some typical micro-Doppler models, which have been well-studied [5]. It is obvious that different sensing targets would have different micro-Doppler function f(t), which is exactly the reason for being able to serve its purpose. Meanwhile, the clear differentiation among micro-Doppler functions leads to a question on whether it is a good idea or rather infeasible to capture all micro-Doppler functions into TR38.901. In our view, the ISAC channel model would become more capable if it just defines in TR38.901 a place-holder in its general form (i.e., f(t)) to allow people adding desirable micro-Doppler function at the time they use the model upon a specific sensing evaluation. In other words, making the micro-Doppler function an input to the ISAC channel model is better than making it a part of ISAC channel model. Then, all Rel-19 ISAC channel modeling needs to enable micro-Doppler based target identification/differentiation becomes quite simple: just define a place-holder in small-scale fading formula.
Similar to Doppler, micro-Doppler can be modeled in a phase term, e.g.,  for LOS Tx-Target-Rx path where  and  are spherical unit vectors on Tx-to-target LOS direction and target-to-Rx LOS direction, is wavelength and  is a vector of micro-Doppler model. In some literatures,  is used to denote micro-Doppler function with  or .
Proposal 6: 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.  

It should be noted that the existing TR38.901 already contains an additional modeling of time-varying Doppler shift (ref. section 7.6.6 in [3]), which can be treated theoretically as a combination of Doppler modeling and micro-Doppler modeling. However, this combination form is too high-level and is not straight-forward to work with micro-movement in sensing application. In addition, the time-varying Doppler modeling in the existing 38.901 assumes the reason causing Doppler to be time-varying happens at UE, instead of a reflection object on the propagation path. That is why the time-varying Doppler is projected onto a spherical unit vector () relating to Rx only. Therefore, we prefer a new and more specific modeling for micro-Doppler.  
An example of TR38.901 TP is given in Annex A for the corresponding place-holder definition.
Conclusions
This contribution is concluded with the following observations and proposals:
Observation 1: Assume the current 38.901 channel model offers N38901 clusters for a given scenario, there can be four options in modeling  and  for Ntarget targets involving with same pair of Tx/Rx: 
· Option-A:  is modelled by N38901 clusters as in 38.901. Each target channel for a target is modelled by an additional set of NT clusters (NT≥1).  
· There are totally N38901+ Ntarget·NT clusters in Tx-Rx channel impulse response (CIR). 
· The large-scale fading in Tx-Rx CIR is the aggregation of large-scale fading in  and large-scale fading in each of Ntarget target channels, where the total large scale fading in Tx-Rx CIR is not ensured to stochastically match what 38.901 defines for a communication channel. 
· The LOS path over Tx-Target-Rx for a target, if exists, is modelled by the first-arrival cluster of NT clusters in the set. The NLOS paths over Tx-Target-Rx for the target are modelled by the clusters in the set that are not used to model LOS path.
· Option-B: The number of clusters in 38.901 channel model for the given scenario is optionally increased to N38901+ Next where Next≥0 and N38901+ Next is a number supported by 38.901 (for a different scenario). Each target channel for a target is modelled by a set of NT clusters (NT≥1) that either replace or modify the NT out of N38901+ Next clusters.  is modelled by the remaining N38901+ Next - Ntarget·NT clusters.
· There are totally N38901+ Next clusters in Tx-Rx channel impulse response (CIR). 
· The large-scale fading in Tx-Rx CIR is the same as defined in 38.901 for the given scenario. 
· The LOS path over Tx-Target-Rx for a target, if exists, is modelled by the first-arrival cluster of NT clusters in the set. The NLOS paths over Tx-Target-Rx for the target are modelled by the clusters in the set that are not used to model LOS path. 
· Option-C: Each target channel for a target is modelled by a single cluster that replaces one of N38901 clusters and is split into multiple sub-clusters.  is modelled by the remaining N38901 - Ntarget clusters.
· There are totally N38901 clusters in Tx-Rx channel impulse response (CIR). 
· The large-scale fading in Tx-Rx CIR is the same as defined in 38.901 for the given scenario.  
· The definition of sub-clusters takes Table 7.5-5 in 38.901 as starting point. 
· The LOS path over Tx-Target-Rx for a target, if exists, is modelled by the first-arrival sub-cluster of the corresponding cluster. The NLOS paths over Tx-Target-Rx for the target are modelled by the sub-clusters in the cluster that are not used to model LOS path.
Proposal 1: RAN1 chooses Option-B or Option-C, in order to maintain same large scale fading in Tx-Rx CIR between Rel-19 ISAC channel model and legacy 38.901 channel model.  
Observation 2: There are two alternatives to model LOS propagation (if existing subject to LOS assessment) over Tx-Target-Rx link.
· LOS Alt-1:  LOS propagation is modelled separately from NLOS on a per cluster or sub-cluster level. 
· The formula  (if agreed) applies on a per cluster or sub-cluster level, with PL(d) as free-space propagation formula. 
· LOS Alt-2:  LOS propagation is modelled based on LOS+NLOS combination and LOS-to-NLOS energy ratio, at least one of which uses stochastic modelling. 
· As a LOS+NLOS combination, the formula  (if agreed) applies to all LOS/NLOS paths over Tx-Target-Rx, with PL(d) being a stochastic propagation formula. 
· LOS-to-NLOS energy ratio can be reflected by either relative powers of LOS/NLOS clusters that follow a single slope exponential power delay profile, or relative powers of sub-clusters that follow a fixed set of normalized ratios.  
Proposal 2: RAN1 further discusses LOS Alt-1 and LOS Alt-2.
Observation 3: The Option-1 in RAN1 #116bis agreement can be further understood as two sub-options.
· Option 1-1: The target channel for a target is modelled by convolution of Tx-to-Target CIR and Target-to-Rx CIR.
· Option 1-2: The target channel for a target is modelled by a subset of CIR that is a convolution of Tx-to-Target CIR and Target-to-Rx CIR.
· Option 1-2 is not quite compatible with formula  if LOS Alt-2 principle is applied. 
Proposal 3: Option-2 in RAN1 #116bis agreement is adopted for ISAC channel model. 

Proposal 4: RCS effect is modeled from two aspects
· RCS effect due to the characteristics of the target object itself, such as size/shape/material, is a real random number (denoted as RCStarget) following a statistics distribution. 
· RCS effect in channel model due to the geometry relation between the target and sensing Tx/Rx, such as orientation and incident/scattering angles, is a function of RCStarget and the geometry relation.  

Proposal 5: RAN1 discusses whether/how to model new spatial consistency for the following cases: 
· Consistency between Tx-to-Target link and Target-to-Rx link (only if Option-1 is agreed)
· Consistency due to target mobility around close locations
· Consistency between different Tx-Target-Rx channels in multi-static sensing for the same target. 
· Enhancement from 2D random process to 3D random process for certain specific scenarios. 

Proposal 6: 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.  
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Micro-Doppler signature of flapping wings
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