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1. Introduction
[bookmark: _Hlk157156804]Integrated Sensing and Communication (ISAC) has been identified as a typical usage scenario for 6G by 3GPP [1] and ITU [2]. Compared to conventional systems with separate devices, ISAC technology realizes the capability of integrating functions into one system, enabling the base stations or terminals to communicate while sensing the surrounding environment [3]. By sharing a majority of the software, hardware, and information resources, ISAC systems bring tremendous advantages to improving spectrum utilization and reducing costs [4][5].
In RAN 1#116 meeting [6], the agreement includes the following points.
	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




2. ISAC channel framework
Realistic channel modeling is the prerequisite for the design of every generation of systems. The existing three-dimension (3D) Geometry-Based Stochastic channel Model (GBSM) outlined in 3GPP TR 38.901 [7] focuses on communication propagation from the Base Station (BS) to the User Terminal (UT), lacking the capability to support sensing evaluation. For example, the stochastic clusters in GBSM cannot be effectively mapped to realistic sensing targets, which is crucial for sensing applications such as positioning. Therefore, TR 38.901 should be used as a starting point, and GBSM needs to be extended for ISAC channel modeling. 
Considering the maturity of research on communication channels, the ISAC channel model should focus on characterizing the sensing channel while maintaining compatibility with the communication channel. Moreover, given the multiplexing of hardware resources and the same propagation environment, certain objects might serve as shared scatterers for both the communication and sensing channels [4]. FFS, the correlation between communication and sensing channels can be considered.
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.
To effectively evaluate applications such as target detection and tracking, it is necessary to separately characterize the components related to the target in the ISAC channel. At the same time, background components in the Tx-Rx channel that do not pass through the target will also affect the assessment of the target. Therefore, the common framework for ISAC channel model is composed of a component of target channel and a component of background channel, expressed as
,
where the target channel, denoted as , includes all multipath components influenced by the sensing target(s), while the background channel, denoted as , includes other multipath components not belonging to target channel. 
3. Slow fading modeling
1.1 Sensing target channel
The sensing target channel consists of two segments: the link from sensing Tx to sensing target (Tx-TAR) and the link from sensing target to sensing Rx (TAR-Rx). According to the radar equation, if the path loss of the sensing target channel is modeled by adding the path loss of the Tx-TAR link and the TAR-Rx link, the impact of the antenna aperture is considered twice as much but missing the impact of Radar-Cross-Section (RCS) of the target. Consequently, the path loss of the sensing target channel can be modeled as：
,
[bookmark: _Hlk159945318]where  denotes the distance between sensing Tx and target,  denotes the distance between target and sensing Rx,  and  represent the path loss of Tx-target link and target-Rx link, respectively. In the channel simulation,  and  can reuse the model and parameters given in TR 38.901/36.777/37.885 considering different scenarios. Moreover,  represents the wavelength, and  denotes the large-scale RCS of the sensing target. This additive relation between path loss of Tx-TAR link and TAR-Rx link has been validated by measurements in [7].
RCS is a variable that depends on the path angle, frequency, and polarization method. Even for simple targets, RCS will undergo changes due to various factors. The path loss model reflects the average signal fading situation of the target, and we suggest that RCS modeling should balance accuracy and complexity. The simplest option is to model the RCS as a fixed value based on the target type. Another approach is to model RCS as a random variable that follows a specific probability density function. Modeling different types of sensing targets as random variables with different distributions, such as Gaussian distribution, whose mean or standard deviation depends on the shape and material of the target.
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.
1.2 Sensing background channel
The sensing background channel includes all impacts from unintended objects, including environmental objects with known locations and clutters with stochastic parameters. In the received signal power at the Rx, besides the target component, there is also the influence of these unintended objects. Therefore, it is necessary to characterize their impact on large-scale path loss. Moreover, while the modeling methods for environmental objects and clutter may vary, the background channel should follow consistent statistical characteristics.
[bookmark: _Hlk162726816]The path loss model and parameters defined in TR 38.901/36.777/37.885 depend on various factors such as the scenarios (UMi, UMa, RMa, InH), center frequency, and the Tx-Rx distance. These parameters can be effectively reused for the background channel in bi-static sensing scenarios. However, in the case of background channel for mono-static sensing, where the Tx and Rx are co-located or even share the same antenna array, the Tx-Rx distance is very small. This Tx-Rx distance cannot be compared to the propagation distance of electromagnetic waves. Consequently, the existing model and parameters of path loss defined in TR 38.901/36.777/37.885 are not directly applicable. Field measurements become necessary, and the large-scale fading of background channels in mono-sensing may vary depending on the scenario and frequency.
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.
4. Fast fading modeling
The proposed wideband ISAC channel model is illustrated in Fig. 1. The orange paths represent the sensing target, while the blue paths represent the background channel. The environmental objects are depicted with specific location coordinates, while clutter is comprised of statistically characterized multipath clusters.
[image: ]
[bookmark: _Ref162450505]Fig. 1 The illustration of ISAC channel model 
The model formulas can be expressed as:
,
where
,
.
The specific meanings of the formulas and modeling approaches are explained in the following sections.
4.1 Sensing target channel
· NLoS paths of Tx-TAR and TAR-Rx links
[bookmark: _Hlk163170720][bookmark: _Hlk163052840]To investigate whether NLoS clusters need to be modeled in Tx-TAR and TAR-Rx links, we conduct a channel measurement campaign in the indoor scenario with the target of a human. The details of ISAC channel measurement system setup and scenario scheme are as described in the subsections below. Based on this channel measurement result, the NLoS paths in the TAR-Rx link can be observed clearly, and the multipath power is mainly concentrated on the LoS path and the single-hop NLoS paths.
(1) Measurement scenario and configuration
As represented in Fig. 2, this ISAC channel measurement campaign is carried out at an indoor hall in Beijing University of Posts and Telecommunications (BUPT). Typically, an adult male with a height of 1.7m and a shoulder width of 0.4m is chosen as the sensing target. Fig. 2 illustrates the channel measurement layout. The sensing Tx and Rx are respectively located at the positions of red triangle and hexagon, and Tx antenna can rotate from 0° to 180°. The whole measurement consists of three parts. In the first part of target channel information collection, make human target stand at different measuring points with a static state facing east, and orient the Tx horn antenna towards the human target. In the next part of background channel information collection, keep human target far away from the measurement scenario only and remain other conditions unchanged. In the last part, replace the central frequency and bandwidth and repeat the first two parts. Detailed parameters of channel measurement configuration are listed in Table. 1.
[image: ]
[bookmark: _Ref163171049]Fig. 2 Measurement scenario
[bookmark: _Ref163171150]Table. 1 Measurement configuration
	Parameters
	Value/Type

	Carrier frequency
	28 GHz
	105 GHz

	Bandwidth
	0.5 GHz
	1.2 GHz

	Sampling rate
	0.5 GHz
	1.2 GHz

	PN sequence length
	511

	Tx / Rx antenna type
	Horn / Omni

	Tx H. HPBW
	10.31°
	9.9°

	Antenna spacing/height
	10 m /1.4 m

	Target type
	Human indoor

	Polarization
	Vertical


(2) Measurement results
Without loss of generality, position 5 at 28 GHz and position 3 at 105 GHz are chosen as representative to analyse comprehensively and deeply. Due to the beam focusing of the high gain horn antenna, the Tx-TAR link can be regarded as LoS path, while the propagation mechanism of the TAR-Rx link is research emphasis. The power delay profile (PDP) records the propagation of channel multipath components (MPCs) intuitively. Hence, by comparing the channel PDPs with and without sensing target, it is possible to distinguish which MPCs are impacted by the sensing target. Then based on absolute delay and azimuth angle of MPCs, as well as geometrical optics theory, the real propagation path could be traced.
The analysis results of position 5 at 28 GHz is as shown in Fig. 3, where red and blue represent background and target channel respectively. The left picture presents primitive channel PDPs comparison, where the black dotted line indicates noise threshold (i.e. -125dB). The stem-and-leaf diagram on the right display effective MPCs after denoising and peaking of primitive PDPs. Compared with background channel, it’s clear that about 5~7 high-power paths emerge and power of originally existing paths changes when target is introduced. Therefore, these altered paths can be considered as only impacted by the target. In order of path power, we attempt to trace those MPCs in the real physical environment which power exceed -115dB. Their potential propagation paths are indicated in Fig. 4, where the region formed by the red dashed lines represents the 3dB beamwidth, and the dark blue solid line represent actual propagation paths of MPCs. For example, the first path with a delay of 34ns is a vector combination of Tx-Rx and Tx-TAR-Rx paths. (Since the bandwidth of 500 MHz means the delay resolution of 2ns). The paths with delays ranging from 35ns to 55ns may be the Tx-TAR-south wall-Rx paths, while those between 90ns and 110ns are likely to be the Tx-TAR-west wall-Rx paths. Only considering the propagation in the horizontal plane, their geometric distance can be closely matched with the absolute delay.
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(a)
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(b)


[bookmark: _Ref163205260][bookmark: _Ref163205256][bookmark: _Hlk163173540]Fig. 3  Background and target+background channels at 28 GHz, (a) Measurement PDPs, (b) MPCs.
[image: ]
[bookmark: _Ref163192664][bookmark: _Hlk163194645]Fig. 4 The illustration of potential propagation path for partial MPCs at 28 GHz
[bookmark: _Hlk163192852][bookmark: _Hlk163193494][bookmark: _Hlk163193526][bookmark: _Hlk163194522]Likewise, the analysis results of position 3 at 105 GHz is as shown in Fig. 5, where curves of different colors in two images represent the same as position 5 at 28 GHz. In order of absolute delay, we attempt to trace those MPCs in the real physical environment. For simplicity, we focus on MPCs with power levels exceeding -114dB and a cumulative power proportion exceeding 92% in the target channel (i.e. 3 paths). As shown in Fig. 6, the region formed by the red dashed lines represents the 3dB beamwidth, and the dark blue solid line represent actual propagation paths of MPCs. Specifically, the first path with a delay of 33.33ns is a vector combination of Tx-Rx and Tx-TAR-Rx paths. On one hand, the path’s power increases compared with the original LoS path. On the other hand, their path difference is approximately 0.1m, which is less than the resolution of measurement system (the bandwidth of 1.2 GHz means the delay resolution of 0.83ns). The second path with a delay of 35.83ns may be a Tx-TAR-south wall-Rx path, while the last path with a delay of 98.33ns is a Tx-TAR-west wall-Rx path. Their potential propagation paths are indicated in Fig. 6, and the geometric distance can be well matched with the absolute delay.
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[bookmark: _Ref163205848]Fig. 5 Background and target+background channels at 105 GHz, (a) Measurement PDPs, (b) MPCs.
[image: ]
[bookmark: _Ref163205867]Fig. 6 The illustration of potential propagation path for partial MPCs at 105 GHz
[bookmark: _Hlk163152737]To validate the necessity of modeling NLoS clusters in target channel, we statistically analysis the power proportion of each component. According to the bounces with environmental object in TAR-Rx link, we classify MPCs into 3 groups. That is to say, LoS path means Tx-TAR-Rx, single-hop NLoS path means Tx-TAR-object-Rx, and double-hop and above NLoS path means Tx-TAR-object-…-object-Rx. Then, the power proportion of each component is counted in Table. 2. It can be evident that the MPCs power is mainly concentrated on the LoS path and the single-hop NLoS paths, while the double-hop and above paths contribute to less than 20% of the total power in target channel. 
[bookmark: _Ref163194810]Table. 2 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.
· The determination of environmental objects
Based on the preceding discussion and measurement validation, it's apparent that establishing at least single-hop NLoS paths in the Tx-TAR and TAR-Rx links is crucial. Let's delve into how to model these NLoS paths. If the NLoS paths are statistical as defined in TR 38.901, they may not effectively provide information about the target for localization or tracking, although they pass through the target. Therefore, we propose that the single-hop NLoS paths of the Tx-TAR and TAR-Rx links should be modeled based on environmental objects with known positions.
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.
Two options for determining the environmental objects can be considered: 
· Option 1: Based on the cluster parameters generated by TR 38.901.
· Option 2: Based on the specific distributions, but the exact scattering method needs discussion.
In Option 1, the cluster delays, powers, departure angles (AoD/ZoD), and arrival angles (AoA/ZoA) in Tx-TAR and TAR-Rx links are generated sequentially according to TR 38.901. However, these parameters cannot simultaneously be utilized to localize an object. Three options for geometrically calculating the positions of single-hop environmental objects can be considered:
· 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 cluster delays and departure angles (AoD/ZoD), as well as cluster delays and arrival angles (AoA/ZoA). Then, eliminate some unreasonable object positions according to the distance and angle ranges.

In Option 2, environmental objects in the Tx-TAR and TAR-Rx links can be determined separately using specific distributions, without considering the correlation between the two links. However, the exact scattering method needs discussion. 
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.

· Channel convolution and RCS coupling
To efficiently evaluate the sensing applications, the positions of the targets need to be predefined in the ISAC channel simulations. The small-scale parameters of the Tx-TAR-Rx target channel can be represented as a convolution of Tx-TAR link, TAR-Rx link, and the target’s RCS [10]. This is expressed by the formula:
,
where  and  represent the channel impulse response for TAR-Rx link and Tx-TAR link, respectively.  denotes the convolution operation.  can be modeled as a normalized RCS array, whose values depend on the outgoing angles and incident angles of the sensing targets.
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. 
Proposal 9: The small-scale RCS can be modeled as angle-dependent values, depending on the outgoing and incoming angles of the sensing target.
FFS, when the target/TX/RX moves or when different target/TX/RX distances are close, multiple links in the same propagation environment will exhibit shared clusters, as shown in the Fig. 7 below, which has been validated by measurements in [11]. 
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[bookmark: _Ref163170025][bookmark: _Ref163170014]Fig. 7 Measured PADPs in (a) the mono-static sensing link1, (b) the bi-static sensing link2, and (c) the bi-static sensing link3. The shared scatterers are marked with red sequence labels [4].
[bookmark: _Hlk157115113]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.

4.2 [bookmark: _Hlk161995769][bookmark: _Hlk150255566]Sensing background channel
The clutter in the sensing background channel reflects the statistical characteristics of the environment and does not require precise characterization of location or coupling with the target channel. For bi-static sensing, the statistical small-scale parameters defined in TR 38.901/36.777/37.885 can be reused for modeling the non-shared clutter in sensing background channel, denoted as . However, for mono-static sensing, further measured results are required. 
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.
The sensing background channel, including clutter and environmental objects, should overall adhere to the statistical properties outlined in TR 38.901. In practice, due to the multiplexing of hardware resources and the same propagation environment, the target and the background channels exhibit the sharing/coupling feature. Some environmental objects might serve as shared scatterers for both the target and background channels [4] [8]. The channel impulse response can be modeled as
,
where  and  denote the shared and non-shared clusters, respectively.
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.
On the other hand, the introduction of a target will bring blockage effect to the background clusters in the original environment.  The Blockage model B in TR 38.901, which adopts a geometric method for capturing e.g., human and vehicular blocking, can be viewed as a start to model the sensing target blockage. Note that the blockage model should be extended to support mono-static sensing.
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.
5. Conclusion
In this contribution, we provide our views on ISAC channel modeling, and validate some of these issues through measurements. The observations and proposals are as follows: 
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.
Observation 2: ISAC field measurements indicate the presence of shared scatterers across multiple ISAC propagation links, contributing to shared clusters/paths. 
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.
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.
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. 
Proposal 9: The small-scale RCS can be modeled as angle-dependent values, depending on the outgoing and incoming angles of the sensing target.
Proposal 10: FFS, ISAC channel modeling could take into account the practical sharing correlation across multiple propagation links.
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.
Proposal 13: The sensing background channel, including clutter and environmental objects, should overall adhere to the statistical properties outlined in TR 38.901.
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.
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