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Introduction
In RAN1 116 meeting, the following agreement was achieved:

[bookmark: _Hlk160045944]Agreement
The common framework for ISAC channel model is composed of a component of target channel and a component of background channel, 

· Target channel  includes all [multipath] components impacted by the sensing target(s). 
· FFS details of the target channel 
· Background channel  includes other [multipath] components not belonging to target channel
· FFS details of the background channel
· FFS whether/how to model environment object(s), i.e., object(s) with known location, other than sensing target(s)
· FFS whether/how to model propagation path(s) between the target(s) and the environment object(s)
· FFS whether/how to model propagation path(s) between the target(s) and the stochastic clutter(s) 
· Note: the notation HISAC can be revised later if needed

This contribution elaborates our views on remaining issue on channel modelling for ISAC.
Discussion 
Modeling of Htarget and Hbackground


[bookmark: _Ref613084036]Figure 1 Channel component partition between Tx and Rx [2]
Figure 1 shows all involving objects that may be considered for channel modeling between sensing Tx and sensing Rx, where 
· “S” represents the sensing target of interest. 
· “E” represents an environmental object which has known location and may impact the sensing of “S”. Differently from what Figure 1 shows, RAN1 discussion so far did not exclude multiple “E” in one sensing geometry structure. 
· “B” represents background objects without known locations. The existence of “B” may also impact the sensing of “S”. 
[bookmark: _Ref544742587]Table 1 Channel component break-down between Tx and Rx
	
	Multipath type
	Number of hops
	Modeling methodology

	Htarget
	Tx -> S -> Rx
	One hop
	Deterministic LOS

	
	Tx -> {S, {Ei}} -> Rx
	At least two hops
	To be discussed

	
	Tx -> {S, {B}} -> Rx
	At least two hops
	Stochastic due to unknown/random locations of {B}

	
	Tx -> {S, {Ei}, {B}} -> Rx
	At least three hops
	

	Hbackground
	Tx -> {Ei} -> Rx
	At least one hop
	To be discussed

	
	Tx -> {{Ei}, {B}} -> Rx
	At least two hops
	Stochastic due to unknown/random locations of {B}

	
	Tx -> {{B}} -> Rx
	At least one hop
	



With general placements of “S”, “E” and “B” between Tx and Rx, the channel component/multipath break-down is given in Table 1. Among these multipaths,  
· Any channel path involving background object {B} should be eventually modeled using stochastic methodology, because the number of involving {B} and their locations are all unknown and therefore their effects to the channel model are assumed to be non-deterministic. 
· RAN1 should investigate how to model RCS for NLOS paths around target “S” (and environmental object “E” if agreed), before confirming to model NLOS paths such as “Tx -> {S, {B}} -> Rx”, “Tx -> {S, {Ei}, {B}} -> Rx” and “Tx -> {{Ei}, {B}} -> Rx”. 
· The modeling of path “Tx -> S -> Rx” can be modeled deterministically, given all geometry information of {Tx, S, Rx} are deterministic. The only stochastic condition for this path modeling is the LOS probabilities of two segments, “Tx -> S” and “S -> Rx”. In addition, the modeling should ensure the propagation effect of “Tx -> S -> Rx” is not double-counted in the paths of “Tx -> {S, {B}} -> Rx”.  
· The modeling of paths “Tx -> {Ei} -> Rx” and “Tx -> {S, {Ei}} -> Rx” can be either deterministic or stochastic. In either way, the modeling should ensure that the path effect of “Tx -> {Ei} -> Rx” (if modeled separately) is not double-counted in path of “Tx -> {{Ei}, {B}} -> Rx”, and the path effect of “Tx -> {S, {Ei}} -> Rx” (if modeled separately) is not double-counted in “Tx -> {S, {Ei}, {B}} -> Rx”.
· The deterministic modeling is certainly accurate, but in general suffers higher complexity, especially when there are multiple {Ei} in a single sensing geometry (just as there can be multiple sensing targets).  The multiple hops over multiple {Ei} could increase the complexity exponentially. 
· The stochastic modeling is generally simpler than deterministic modeling, but needs additional consideration of correlations among “Tx -> {S, {Ei}} -> Rx”, “Tx -> {S, {Ei}, {B}} -> Rx”,  “Tx -> {Ei} -> Rx” and “Tx -> {{Ei}, {B}} -> Rx”.  In other words, the modeling of Htarget and the modeling of Hbackground are not independent and separate. 
The modeling of “Tx -> {S, {Ei}} -> Rx” mainly targets the sensing signal attenuation, which does not necessarily require the modeling of environmental objects of {E} to be explicit. For example, the existing 38.901 already makes it possible for the path energy of “Tx -> S -> Rx” to be weaker than another NLOS path which may include “Tx -> {S, {B}} -> Rx”. In contrast, the modeling of “Tx -> {Ei} -> Rx” is mainly motivated by support of false-alarm sensing event, which sounds meaningful. However, such modeling purpose may just need one-hop over a single environmental objects between Tx and Rx, instead of multi-hops over multiple {Ei}. 
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.
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”. 

Pathloss for Tx-target-Rx propagation path
Following up radar theorem, the pathloss of Tx-Target-Rx path can be formulated as following in unit of dB: 

where λ is the wavelength,  is the effective RCS size of the target, {} are LOS distances of Tx-Target and Target-R. Then PL(d1) and PL(d2) represent the pathloss for Tx-Target and pathloss for Target-Rx, respectively. Both Tx-Target and Target-Rx are usually considered to have free-space propagation in radar theorem. If only LOS path is explicitly modeled in Tx-target-Rx it is straightforward to apply the above pathloss formulation. If NLOS paths are considered in Tx-Target-Rx, it deserves a study how to be modeled in a channel condition other than free-space for ISAC. 
RCS size is a key factor in radar detection, and should play an important role in sensing as well. The RCS size of the target usually comes from the measurements, and there are already some well-assumed RCS for the typical detection targets, as listed in Table 2. Besides, for an accurate modeling, the RCS size is also modeled as frequency-dependent. 
[bookmark: _Ref157894374]Table 2 Typical RCS values
	Detection target
	RCS size (m2)

	Human 
	1

	Automobile
	10~100

	UAV (small)
	0.01

	UAV (medium)
	0.1



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.  
RCS size is traditionally obtained from the measurements that are taken under LOS condition. It is still under industrial/academic study how to obtain RCS size under NLOS environment. It remains unclear whether there is any dependable conclusion that can be somehow generally applicable. Meanwhile, in quite of some sensing application scenarios, both Tx and Rx are intentionally placed in spots with high chance of LOS to the sensing target; in some other sensing application scenarios where NLOS is likely to occur between Tx/Rx and the target, multi-static sensing mode can be assumed to apply to increase the LOS probability. So the necessity of NLOS channel modeling is not that high in our view.   
In case NLOS modeling is eventually not supported on Tx-Target-Rx, if any of Tx-target path and target-Rx path is NLOS subject to LOS/NLOS probability test, the simulation based on this ISAC channel model can claim an event of “sensing target in NLOS” for the corresponding pair of Tx and Rx.  
In case NLOS modeling is supported on Tx-Target-Rx, other than RCS issue as mentioned above, there can be two modeling methods in the discussion: 
· Method-1: The NLOS profile is considered only from sensing-Rx point of view, without pursuing NLOS profiles individually on Tx-Target link and Target-Rx link. This is basically the stochastic modeling spirit in current 38.901, i.e., the stochastic modelling is applied at the node where the modeling eventually matters and where the measurements used to derive the stochastic model are usually performed and collected. To our understanding, the measurement data for the sensing channel model is normally corrected at the sensing Rx only instead of target and Rx individually. Therefore, Method-1 should be a reasonable baseline for stochastic modeling methodology.    
· Method-2: The overall channel profile over Tx-Target-Rx path is the convolution of the two channel impulse responses that are individually modeled (e.g., according to 38.901) on each of Tx-Target link and Target-Rx link. This method-2 has one essential issue: There could be no sufficient measurement evidences to confirm the statistic properties on each of the Tx-Target link and Target-Rx link, due to difficulties in performing measurements at the target (e.g. the UAV at high altitude) and in isolating Tx-target link impact from the measurement at Rx to obtain Target-Rx link property. There were arguments to reuse Tx-Rx link property from 38.901 for Tx-Target link and Target-Rx link. However, such reuse normally messes up the Tx-Target-Rx link. Take channel delay profile as an example: if cluster delays on Tx-Target link and Target-Rx link are assumed to follow the same exponential-distribution and to be independent from each other as modeled for Tx-Rx link in current 38.901, the convolution of the two sets of exponentially-distributed delays would result in a delay profile satisfying Erlang distribution (or more general Gamma distribution) with correlation among delay samples. This is no longer what 38.901 assumes for each stochastic path between Tx and Rx. 
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. 

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 [4] that the micro-Doppler characteristics differ significantly between drones and birds. 
[image: D:\Users\Documents\TeamTalk2.0\60bf7fa6e4b08d97ae513a79\temp/Image_20240201183625.png][image: D:\Users\Documents\TeamTalk2.0\60bf7fa6e4b08d97ae513a79\temp/Image_20240201183123.png]
[bookmark: _Ref725027802]Figure 2 Micro-Doppler difference between drone (left) and bird (right) [4]
[bookmark: _Ref1059143009]
[bookmark: _Ref1619625809]Table 3 Micro-Doppler modeling
	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 [4].

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

is maximum flapping angle,is flapping frequency [4].

	Respiration rate and heartbeat rate
	
 and are the amplitudes of human heartbeat and respiration, and and are the angular frequencies of heartbeat and respiration [4].


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 3 lists some typical micro-Doppler models, which have been well-studied [4]. 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, i.e.,  where  and  are spherical unit vectors on Tx-to-target direction and target-to-Rx direction, is wavelength and  is a vector of micro-Doppler model. In some literatures,  is used to denote micro-Doppler function with  or .
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.  

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:
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.

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”. 

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.  

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. 
[bookmark: _GoBack]
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.  
An example of TR38.901 TP is given in Annex A for more details of Proposal 5.
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Annex A. TR38.901 TP example to define place-holder of micro-Doppler function  
Section 7.5 of 38.901: 
Step 11: Generate channel coefficients for each cluster n and each receiver and transmitter element pair u, s.
*********** Unchanged text omitted **********
Then, the channel impulse response is given by:
	[image: ]     (7.5-27)
where [image: ] is given in (7.5-22) and [image: ] defined as:

	    (7.5-28)



To enable evaluation with target identification based on micro-Doppler characteristics of the sensing signal, the term  in (7.5-22) and (7.5-28), where cluster n corresponds to a Tx-Target-Rx cluster, is replaced by , where  is a placeholder for function characterizing micro-Doppler effect for a specific sensing application. The function that is brought into this placeholder is considered input to the modeling and therefore is not defined in this technical report.  (Note: It is assumed here that the Tx-Target-Rx cluster is not the LOS cluster between Tx and Rx. ) 
In the LOS case, determine the LOS channel coefficient by:

	   (7.5-29)
where (.) is the Dirac's delta function and KR is the Ricean K-factor as generated in Step 4 converted to linear scale.
Then, the channel impulse response is given by adding the LOS channel coefficient to the NLOS channel impulse response and scaling both terms according to the desired K-factor [image: ] as
	[image: ]               (7.5-30)
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