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[bookmark: _Ref2933478]Introduction
It is expected that 3GPP RAN will start the study of 6G from Rel-20 for the successful technical proposal submission for IMT-2030 as shown in the Figure 1.
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Figure 1. InterDigital’s view on 3GPP 6G timeline
In the recent workshop [1], a majority number of companies showed strong interest on channel modelling study for some of the 6G related topics such as integrated sensing and communication (ISAC), new spectrum for upper mid-band (i.e., FR3) which is suitable for higher capacity outdoor cell with E-MIMO, and reconfigurable intelligent surface (RIS) to address coverage/connectivity issues for high frequency. Note that the existing channel models in 3GPP have been designed without considering those capabilities or designed with not enough samples from the measurement campaigns.
Since there is a possibility to have a short study phase for 6G (e.g., 18 months), due to the tight schedule for the IMT-2030 submission, it would be beneficial to have well-established channel models for 6G related capabilities in Rel-19 so that the candidate technologies during 6G study can be properly evaluated from the beginning.
In this contribution, we discuss on the details of the channel modelling for FR3, ISAC, and RIS including priorities of target scenarios, required changes from existing 3GPP channel models, and potential scope based on the time limit.  
Channel modelling for FR3
Background
Since Rel-15, FR1 (0.410 – 7.125 GHz) and FR2 (24.25 – 71 GHz) have been the main frequency ranges of interest for NR services. FR1, mainly due to its lower pathloss characteristics, has been instrumental for macro-cell operation, while FR2 with its vast available bandwidth has been effective to complement FR1 operation by supporting very high throughput for small high-density cells. The frequency range FR3 (7.125 – 24.25 GHz) resides between FR1 and FR2, and it has been of much interest for potential use by emerging new transmission schemes and scenarios to further enhance coverage as well as system capacity simultaneously.
In Rel-16, 3GPP conducted a feasibility study of FR3 operation from the perspectives of regulatory framework, general RF characteristics, as well as BS- and UE-specific aspects; however, the study fell short of looking into channel modelling aspects [2]. In Rel-15, in TR 38.901, 3GPP completed the study on channel model for frequencies from 0.5 to 100 GHz for UMi, UMa, Indoor, Backhaul, D2D/V2V and stadium scenarios. The study was later expanded in Rel-16 by inclusion of indoor industrial channel model [3]. The technical report provided a reasonable set of channel models to support various evaluations of physical layer techniques by RAN1. 
It is important to note that the frequency range 10.0 – 10.5 GHz is currently under discussion in WRC 23 to allocate for mobile service in Region 2 which is right next to the Ku band for satellite. Therefore, another important aspect that may be included as part of the FR3 channel study would be considering coexistence of mobile terrestrial and satellite systems in case any new frequency band in FR3 for mobile terrestrial is located near the existing frequency bands for satellite systems.

The developed channel models in TR 38.901 were intended to support the entire frequency range of 0.5-100 GHz. However, there seem to be some potential issues worth visiting before committing to perform evaluation of FR3 using the existing channel models in TR 38.901. Here we cite a couple of more obvious examples,
· In the report, it has been stated that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz. Hence further evaluations may be needed to confirm the current assumptions for the case of RMa at other frequencies of FR3 band [3].
· In another example, for the definition of the range of RMS delay spread for Urban macro, only two companies participated in measurements that has a significantly less level of verification than other cases where there were as many as 8 companies reporting their measurement results.
Further, in the recent Rel-19 workshop, a few other companies expressed a similar view that while the general framework of channel modelling in TR 38.901 seems reasonable, some aspects may need to be revisited [4][5]. Table 1 captures a summary of the raised issues.

Table 1. Summary of the potential issues reported by companies.
	Source
	Potential Issues

	[4]
	- Insufficient measurement results in FR3
- Limited applicability of pathloss model
- Lack of any measurement for O2I loss in FR3

	[5]
	- Unrealistic assumption for UE beam by ignoring hand-grip effect
- Inconsistent continuity of cluster against field measurement
- Inaccurate modelling of gNB by neglecting roof-edge diffraction 



Observation 1: While the general framework of channel modelling in TR 38.901 may be sufficient, some aspects of modelling may need to be refined and verified.

Near-field communications in FR3
Near-Field (NF) communications is among the main technologies considered for adoption by 6G. As it has been discussed in the literature [7], Rayleigh distance can be estimated by , where  is the antenna aperture for a given antenna system. Unlike the operation in FR1, in FR3, the value of  may quickly become comparable against the cell-size, hence more UEs may be operating in the NF than far-field (FF) zone. For example, as demonstrated in Table 2, with a conservative assumption of an operating frequency of , and with an antenna system with an aperture size of , the estimated Rayleigh distance is that implies a significant number of UEs would be operating in the NF transmission mode if a cell-size with an  is assumed. 
It may be argued that there could be cases of FR3 deployments where antenna systems with small antenna aperture sizes are used. However, it should be noted that even in such cases, the reduced antenna gains results in a relatively small coverage that may make the ratio of UEs within the NF range comparable to that of those in the FF range.

Table 2. Estimate of Rayleigh distance for various FR3 frequencies [image: A green and blue and white table with numbers and red mark
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 Therefore, it is vital to consider implications of NF transmission as part of channel studies for FR3. Unfortunately, throughout TR 38.901, all transmission properties have been based on FF assumption where a planar wave with a linear phase progression is assumed, while for the NF case, a spherical wave with a non-liner phase progression has to be considered. This view is also shared by [6].

Observation 2: In FR3, a significant number of UEs would be operating in NF zone, where the existing FF assumption considered in the TR 38.901 does not hold true.

Path forward for FR3 channel modelling
Due to the high interest in FR3 frequency band, it is important that channel modelling will be conducted in a timely as well as an accurate manner. Based on the above observations, a couple of options can be considered.
[bookmark: _Hlk142948475]As the first option, development of FR3 channel model can be split into two parts based on the cell-size () and/or the operating frequency (). For example, when , TR 38.901 will be enhanced to include a new channel model based on NF spherical wave assumptions. However, for when ,  TR 38.901 will be refined to address the raised issues by companies as captured in Table 1. In this exemplary approach, X would be estimated based on consideration of the operating frequency and antenna aperture size. 

Observation 3: By splitting the effort into two parts, it becomes possible to direct the work in Rel-19 towards only one part. For example, in Rel-19, TR 38.901 can be refined to address only the issues related to FF operation in FR3, e.g., as captured in Table 1. 

On the other hand, as demonstrated in Figure 2, by comparing the FF array response with the NF array response, it can be observed that the FF array response can be considered as a  special case of NF array response as all the phase terms bearing  diminishes as  grows, where  and  are the antenna element spacing and the propagation distance, respectively [7]. As such, a NF channel can be reduced to an FF channel model, implying a same model may be used for both NF and FF operations.


Figure 2. Conversion of a NF channel to an FF channel [7]

Observation 4: For a given antenna system, by increasing , a NF channel model is reduced to an FF channel model.

Therefore, the second option can be to completely focus the FR3 channel modelling on NF assumptions, from which all potential cases of cell-size and frequencies in FR3 can be supported. As promising as this option sounds, it requires a complete overhaul of the channel modelling framework in 3GPP which requires a significant time and effort that should not be ignored.

Proposal 1: For FR3 channel modelling in Rel-19, discuss and down-select from,
· Option 1: In Rel-19, TR 38.901 will be refined to address only the issues related to FF operation in FR3, e.g., as captured in Table 1. 
· Option 2: Focus the study of channel modelling for FR3 based on NF assumptions, based of which an FF channel model can be derived.

Given the raised potential issues for the first option 1 [4]-[6], and comprehensiveness of the second option [7], it may be more efficient to adopt the second option as the path forward for studying and developing channel models in FR3. While from our perspective, the second option is the better approach for FR3 channel model study, it is important to note that it will consume a significant time and effort of RAN1 during Rel-19. Therefore, if Option 2 is selected as the way-forward for the FR3 channel model study, it should not be combined with any other channel study effort, as the excessive workload may prevent proper completion of the initiative.

Proposal 2: Support Option 2 as the way-forward for the FR3 channel model study, if sufficient TUs are allocated. 
 
Channel modelling for ISAC
Background
3GPP has specified a channel model in [3] that provides a flexible framework to simulate and evaluate multitude of communication and positioning related use cases between BS(s) and UE(s). The framework includes a geometry based stochastic channel model (GBSM) that stochastically models the communication channel. The framework also provides an alternative map-based hybrid channel model that integrates some deterministic (ray-tracing) components to the GBSM channel. Both the models offer a large degree of freedom in terms of support for different key scenarios of interest (e.g., UMa, UMi, D2D, Indoor, etc.), frequency range (up to 100GHz), bandwidth, no. of antenna arrays, mobility scenarios etc. The difference between the two alternatives mainly converge in the way the clusters are generated. The GBSM channel provides a stochastic based approach for cluster generation whereas the hybrid model allows deterministic definition (e.g., location, material, thickness) of the clusters.
3GPP SA1 in [8] conducted a feasibility study on Integrated Sensing and Communication (ISAC) and identified sensing and its integration with communication as a promising new direction, providing new use cases, requirements, KPIs, etc. The use cases involve an entity (e.g., BS/UE) extracting information (e.g., detecting, identifying, locating, tracking, etc.) about the target(s) (e.g., object(s), motion, environmental condition(s), etc.) in the surrounding through wireless signals. The wireless signal may either be transmitted by the same receiving entity or different entity/entities and may bounce (reflected, refracted, diffracted) through the target(s).
There is a need for a sensing-based channel model to incorporate the sensing and ISAC functionalities into 3GPP as they are not fully supported by the current 3GPP channel model. The sensing functionalities rely on modelling the channel between different entities (collocated or non-collocated), where the channel is dependent on the properties (e.g., physical, mobility) of the sensing targets and the reflection of the wireless signal through them. In contrast the 3GPP channel model only supports the channel between the BS and UE where the reflections are modelled stochastically through the clusters. 
Observation 5: Incorporating sensing and ISAC functionalities in 3GPP additionally requires modelling the properties of targets, reflections through it and the new scenarios which are not fully supported by the current 3GPP channel model in [3].

Consideration for new channel models
For sensing-based channel model, considering the 3GPP GBSM channel model as baseline and enhancing it to incorporate the sensing functionalities has many advantages including the following:
1. Reduced modelling impact on the existing 3GPP channel model: 
0. Considering 3GPP channel model as baseline allows reuse of widely tested and accepted modules of the existing channel model (e.g., propagation condition, cluster generation, small-scale and large-scale fading, etc.) with or without modifications.
0. Considering other models such as deterministic ray tracing model would need an extensive study, modelling, testing and validation efforts for channel modelling without significant advantages.
1. Forward and backward compatibility:
1. Considering 3GPP channel model for sensing allows for integration, evaluation, and a common benchmarking framework of sensing functionalities against 
0. Other existing 3GPP features such as communication, positioning, etc. for backward compatibility.
0. Other features that may be developed in 3GPP in the future (e.g., sidelink based ISAC) for forward compatibility.
1. Low complexity of stochastic channel model:
2. Stochastic channel model has lower complexity compared to deterministic (e.g., ray-tracing) or hybrid channel models allowing for quick implementation, testing and hence integration into 3GPP.
Proposal 3: Study ISAC channel modelling with enhancements based on the 3GPP stochastic channel model specified in TR38.901. Enhancements should be modification or addition to existing modules in the channel model.

Frequency ranges for sensing
The sensing channel model should be developed considering different frequency ranges including FR1 (0.410 – 7.125 GHz), FR2 (24.25-71 GHz) and FR3 (7.125 – 24.25 GHz). The use cases defined in [8] present different requirements in terms of the level of details required from the sensing channel. As, the signal propagation conditions and hence the channel characteristics depend on the frequency band of the transmitted signal, a wide range of frequency bands should be considered for the sensing channel.
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Figure 3. Atmospheric absorption (in dB/km) and rain attenuation (in dB/km) of signals at different frequency bands [9]
The signal propagation in FR2 is characterized by properties such as large bandwidth and large no. of antenna elements compared to FR1 and FR3. This allows for a large sensing resolution in terms of range, angle (e.g., for AoD, AoA measurements), phase, etc. enabling the receiver to measure the signal with finer resolution and hence in higher detail compared to FR1 and FR3. Additionally, the signal propagation in FR2 experiences higher pathloss, propagation loss due to environmental conditions such as rain, fog, and atmospheric gases (as illustrated in Figure 3) and is more susceptible to blockages [9]. 
In contrast, the signals in FR1 band are more robust and reliable due to reduced attenuation due to the environmental conditions, lower blockages and hence a larger sensing and beam coverage area compared to FR2 and FR3. This allows for a more reliable sensing performance in a wider coverage area. However, the lower available bandwidth and no. of antenna elements in FR1 means that the sensing resolution is lower compared to FR2 and FR3. These properties are especially useful for use cases which require robust sensing performance but do not require high level of detail from the sensing channel.
FR3 is the mid-way point between the two frequency bands that allow for more higher sensing resolution compared to FR1 band however it has the advantage of higher reliability and coverage area compared to FR2 band.
FR1 can support the use cases requiring a low level of details from the sensing channel, specifically, the ones concerning object detection, location and/or tracking, etc. The use cases such as intruder detection in smart home, pedestrian/animal intruder detection on highway, railway intrusion detection, sensing at crossroads with/without obstacle, blind spot detection etc., as described in [8]. FR2 can support the use cases requiring a high level of detail from the sensing channel including environment monitoring (e.g., rainfall), health monitoring at home, gesture recognition, etc. FR3 could support the use cases such as sensing flooding in smart cities, UAV flight trajectory tracking, sensing for automotive maneuvering and navigation, etc.
The new sensing channel model should not support frequencies higher than FR2 including sub-THz and THz band as the current baseline channel model does not support those frequencies. Any effort to support the frequencies would add a much higher modelling effort. Additionally, the specified bands (FR1, FR2, FR3) are enough to support the existing use cases identified in [8] with a specified QoS requirement.
Proposal 4: No restriction on supporting existing frequency bands (i.e., FR1, FR2, and FR3) for ISAC channel modelling study.

Prioritization of sensing mode for Rel-19 SI
Sensing can be divided into two main modes, namely monostatic sensing and bistatic sensing. Monostatic sensing involves in sensing with the same or collocated transmitter and receiver whereas bistatic sensing involves in sensing with different transmitter(s) and receiver(s) in different locations.
The sensing channel model should support both the modes in order to support the use cases specified in [8]. Bistatic sensing mode is required to support the use cases including sensing for intrusion detection in rail track, blind spot detection, rainfall monitoring, sensing flooding in smart cities, contactless sleep monitoring services, etc. Monostatic sensing mode is required to support the use cases including vehicle sensing for ADAS (Advanced Driver-Assistance Systems), accurate sensing for automotive maneuvering, intruder detection in smart home, service continuity for unobtrusive health monitoring, etc.
Bistatic sensing can be prioritized before monostatic sensing as bistatic sensing, especially BS-UE bistatic sensing mode, is more compatible to the existing 3GPP channel model. This would allow 3GPP to initially limit the channel modelling efforts to the sensing target. Modelling monostatic sensing would require considerable changes to the existing channel model including modelling of signal backscattering, interference due to backscattering, interference between the collocated transmitting and receiving terminals, etc.
The sensing channel model should support gNB based, UE based and UE assisted sensing.
gNB based sensing refers to the gNB monostatic sensing, gNB-gNB bistatic sensing where the target information (e.g., location or velocity of an object) is determined at the network or gNB-UE sensing where the UE reports sensing related measurements to the gNB and gNB processes the measurements. gNB based sensing should be studied and supported with the channel model as it supports various use cases including AMR(Autonomous Mobile Robots) collision avoidance, pedestrian/animal intrusion on a highway, rainfall monitoring, flooding in smart cities, railway intrusion detection, service continuity of unobtrusive health monitoring, etc.
UE assisted sensing refers to the UL bistatic sensing where the target information may be determined at the network with assistance from the UE.  UE assisted sensing should be studied and supported with the channel model as it supports various sensing use cases in [8] including sensing at crossroads with/without obstacle, accurate sensing for automotive maneuvering and navigation service, gesture recognition, etc.
UE based sensing refers to the DL bistatic sensing, SL bistatic sensing and UE based monostatic sensing where the target information is determined at the UE. UE based sensing, in particular DL based bistatic and UE based monostatic sensing should be studied and supported with the channel model as it supports various sensing use cases such as integrated sensing and positioning in factory hall, blind spot detection, Vehicles Sensing for ADAS, immersive experience based on sensing etc.
For UE based sensing, UE-UE sensing such as SL (sidelink) based bistatic sensing should be deprioritized for now as they will be based on the SL based positioning features which is still being studied and developed in Rel. 18. In addition, there may be a need to develop ISAC channel models optimized for SL based bistatic sensing.
In terms of channel modelling impact, the DL and UL bistatic sensing will have the least impact due to the already existing DL and UL communication channel model whereas for gNB based sensing mode and UE based monostatic sensing mode, various modelling aspects (e.g., new scenarios of interest) and measurement campaigns etc. need to be carried out.
Observation 6: The modelling impact of DL and UL bistatic sensing mode may be the lowest and can be the starting point of sensing channel modelling focusing on the sensing target first rather than the scenario.
Proposal 5: Prioritize channel models which are suitable for gNB-UE bistatic (both DL and UL) based sensing modes considering DL and UL. 
The sensing channel model should support key scenarios of interest including extension of already existing scenarios (e.g. UMi, UMa, Indoor) etc. depending on the sensing modes. For DL and UL bistatic sensing modes, the existing scenarios of interest including UMa, UMi, Indoor, InF (Indoor Factory) etc. may be reused. For gNB based sensing mode and UE based monostatic sensing mode, new scenarios of interest may be required to support the use cases.
The gNB/UE based monostatic sensing would require modelling the monostatic channel scenario including the entity properties such as the location and height of the entity, backscatter echo channel including the LoS/NLoS probability, AoD or AoA, Doppler shift, monostatic radar cross section (RCS) etc. between the entity and the target. The scenario can be further be divided into indoor monostatic and outdoor monostatic scenarios.
The gNB-gNB bistatic sensing would require the modelling of channel between two gNBs, their height, location, LoS/NLoS probabilities between them, etc. Hence, a new scenario should be added to the existing list by supporting gNB to gNB scenario.
For example, let us consider the use case on sensing for railway intrusion detection [8]. There may be a need to consider the number of tracks, width of tracks, locations of gNBs, potential locations of the intruder and details of trains, such as height and length, which may be parked or run along the tracks.
The D2D scenario should be deprioritized in the sensing channel model for the same reason why SL bistatic sensing should be deprioritized.
Observation 7: Existing scenarios from TR 38.901 can support sensing use cases in TR 22.837 for gNB-UE bistatic sensing. New scenario for other type of sensing mode (e.g., outdoor/indoor monostatic scenario, gNB-gNB scenarios, etc.) can be studied in the later release. 

Required changes to TR38.901 for ISAC
[bookmark: _Hlk142061557]Introduction of sensing cluster
An important aspect of modelling the sensing channel model is modelling the sensing target(s). A sensing target can be defined as any the component of the environment that may be sensed (e.g., detected, located, tracked, measured, etc.). In the use cases concerning object detection and tracking, the sensing targets can either be static or mobile objects such as humans, animals, UAV, vehicles [8]. Similarly, in environment monitoring, the sensing target can be rain, water, etc.
A cluster in the baseline 3GPP channel, indicated as communication cluster from herein, can be defined as a group of rays that exhibit similar properties and measurements including delay, AoA, AoD, pathloss etc. and is used to model the scattering component that generates multipath for the communication channel.
In sensing channel model, a sensing cluster can be used to represent the sensing target, since, similarly to the communication cluster, the rays bouncing through the sensing target exhibit similar properties including delay, AoD, AoA, pathloss, Doppler shift, etc. A sensing cluster, however, can also additionally be characterized by the properties of a sensing target including the physical properties (e.g., shape, size), scattering properties (e.g., RCS) and the mobility properties (e.g., velocity). The ability to detect and/or determine the state of the target (e.g., location, velocity, etc.) may depend on the properties of the sensing cluster, transmission signal properties including power, frequency, bandwidth etc. and BS/UE capabilities such as sensing resolution.
Observation 8: Sensing clusters (e.g., to represent the sensing targets, objects, etc.) need to be introduced to capture reflected rays accurately.



Figure 4. Exemplary figure illustrating association between communication and sensing clusters for communication channel.
A communication cluster, as presently defined in the 3GPP channel model, can be re-represented as a generalized model of sensing cluster. As mentioned above, the communication clusters are defined to model the multipath component in the environment that affect the communication performance. 
A sensing cluster or target, in the same communication scenario, also can affect the communication performance by generating additional multipath components, blockages, etc. and hence can be associated with the communication cluster. For assessing the sensing performance, however, a sensing cluster requires modelling of a more detailed characteristics compared to the communication cluster.
The signal, in both communication or sensing scenarios, propagates through one or more cluster with single or multiple bounces. However, the baseline channel model stochastically collapses this model into a more simplistic single bounce model by (e.g., randomly) coupling multiple clusters (e.g., first bounce cluster, last bounce cluster, etc.) into a single cluster. In sensing however, it is important to preserve the state (e.g., location, velocity) of the sensing cluster. One approach to achieve this would be to treat the sensing clusters as a deterministic cluster and determine the single and multiple bounces between the entities and the sensing clusters, communication clusters, etc. 
A need for communication or sensing cluster in channel models arise due to use cases. For example, if positioning accuracy for locating the object in an environment needs to be evaluated, sensing clusters can be implemented in channel models to analyze sensing methods precisely. To evaluate communication related metrics (e.g., throughput) without any level of integration with sensing, generalized clusters such as communication clusters may be sufficient in the channel model.
Additionally, it is also advantageous to introduce various levels correlation between the sensing and communication channel in order to evaluate the different levels of integrated functionalities between sensing, communication and positioning. For example, if the communication and sensing functionalities just co-exist with each other, the correlation may not be considered between the channels, whereas if the functionalities are co-dependent, a high correlation between the sensing and communication channel will be advantageous to assess the effect of one functionality on the other. The levels of correlation can also depend on other factors such as the frequency range. The observed correlation in FR1 would be lower than that in FR2 due to the levels of details observed in the communication and the sensing channel.
For example, for the use case where communication beamforming optimized by sensing obstacles in the vicinity, the correlation between the sensing and communication channels may allow for evaluation of communication performance improvement due to achieving certain sensing accuracy.
Hence, further association between the sensing and the communication cluster for both sensing and communication channel should be studied. One way to achieve this may be, for e.g., while generating the communication channel model, the sensing cluster can be modelled without random coupling, as a deterministic cluster (as illustrated in Figure 4 as sensing cluster 1 and 2) to observe the correlation between the communication and the sensing channel. The presence of sensing cluster in the communication channel model introduces correlation between the two channels and allows to evaluate the effect of the deterministic sensing clusters on the communication performance.
Observation 9: To introduce a dependence of sensing functionality on the communication performance and vice versa (e.g., for ISAC), correlation between the sensing channel and communication channel may be introduced. One way to do this is to determine the association the sensing cluster with the communication cluster.

Characterizing sensing clusters
As the goal of sensing it to accurately determine the state of the sensing cluster, based on the properties of reflected signal, the properties should be studied and accurately modelled for each sensing cluster. 
The properties that may affect the propagation of signal through the sensing channel may be:
· Physical properties of the sensing target: E.g., location, velocity, shape, size, roughness, etc. of the target.
· Properties of the transmitter and/or the transmitted signal: E.g., Tx location, Tx velocity, no. of Tx antennas, Tx power, frequency band, bandwidth, polarization, etc.
· Properties of the receiver and/or the received signal: E.g., Rx location, Rx velocity, no. of Rx antennas, etc.
The scattering characteristics (e.g., characterized by the RCS, angular spread, pathloss, AoD, AoA, etc.) associated with the sensing channel (e.g., sensing cluster) should be studied to accurately model the sensing channel. The RCS of the sensing cluster determines the proportion of illuminated signal that may be backscattered (e.g., monostatic RCS) or forward scattered (e.g., bistatic RCS) and may depend on the physical properties and the properties of the transmitted signal. The angular spread (e.g., in zenith and azimuth) of the sensing cluster depends on the physical properties of the sensing cluster. The monostatic pathloss may be dependent on the monostatic RCS and distance between the monostatic transmitter/receiver and the sensing cluster. The bistatic pathloss may also be dependent of the bistatic RCS and the single bounce distance between the transmitter, object, and the receiver. Likewise, the AoD and AoA (e.g., in zenith and azimuth) for monostatic and bistatic sensing may depend on the Tx, Rx and the sensing cluster location.
The mobility properties (e.g., characterized by the Doppler shift, amplitude, and phase changes of the received signal, etc.) associated with the sensing channel (e.g., sensing cluster) should be studied to model the sensing channel. The modelling of mobility properties in the sensing channel model can support use cases such as intruder detection, pedestrian/animal detection in highways, UAV intrusion detection, etc. The monostatic and bistatic Doppler shift can be determined by the physical properties of the sensing cluster including the relative velocity between the entity/entities and the target.  Likewise, the mobility can also introduce a change in amplitude and/or phase of the received signal which should be accounted for in the sensing channel model.
Observation 10:The properties of the sensing cluster including scattering and mobility properties should be characterized. The scattering properties may include monostatic and bistatic RCS, angular spread etc. The mobility properties may include change in Doppler shift, phase, etc. 



Figure 5. Exemplary figure illustrating clutter components in a sensing channel.

Sensing clutter
A sensing clutter acts as noise to the sensing information. Sensing clutter can be defined as the received signal that has not reflected, refracted, diffracted through the sensing cluster (e.g., communication cluster not classified as sensing cluster, ground reflections, multi-bounce received signals through clusters (e.g., communication, sensing), etc.) from which the information about the sensing targets cannot be extracted. Clutter model should be introduced in the sensing model in order to validate and test the sensing performance with simulation. It can also provide an insight on the maximum possible sensing performance (e.g., in terms of sensing accuracy).
The modelling of sensing clutter should be studied in the sensing channel model. One way to model clutter may be, similarly as defined in [3] in the Indoor Factory scenario, stochastically based on factors such as clutter height, clutter size, clutter density, BS height, UE height, LoS/NLoS probability between two terminals etc. 
Another way to model the clutter may be as a hybrid component with a deterministic component and a stochastic component. The deterministic component in the model may be the clusters which are not indicated as sensing clusters (for e.g., communication cluster as shown in Figure 5). Additionally, the sensing clusters which are not the objects or targets we are interested in may also act as noise for sensing and can be modelled as sensing clutter. The advantage of this model would be the added correlation between the sensing and the communication channel. The correlation may aid in integrating and evaluating the functionalities between sensing and/or communication/positioning features.
Observation 11: Sensing clutter should be introduced to model the sensing noise.

Proposal 6: Support the following as the required changes to the existing channel model for ISAC:
· Introduction of sensing cluster and its associated characteristics (e.g., scattering and mobility)
· Association of the sensing cluster with the communication cluster
· Introduction of sensing clutters and its associated parameters (e.g., clutter density, height, etc.)
Channel modelling for RIS
Background
Coverage performance remains a key challenge for network operators commercializing NR, particularly for higher frequency bands such as FR2 (24.25 – 71 GHz) due to blockage, propagation losses, and dead-spots. Although new topological nodes in Integrated Access and Backhaul (IAB) and Network Controlled Repeaters (NCR) have been introduced in NR to provide operators with options other than deploying fully-stacked cells, these solutions may not be cost-effective or viable in certain deployment scenarios.  

Reconfigurable Intelligent Surface (RIS) is a new type of topological solution for dynamic control of the radio environment through tuning of the electromagnetic wavefronts using reflection, refraction, focusing, collimation, absorption, or any combination of these. RIS can be implemented using mostly passive components without requiring any radio-frequency (RF) or baseband processing, hence it provides a flexible, low-cost and energy-efficient solution over conventional approaches (e.g., cell, relay, repeater).

An illustrative diagram of an RIS-based system is provided in Figure 6, with RIS as a planar surface comprising a large number of scattering elements (unit-cells) connected to a microcontroller, whose properties can be dynamically controlled to change the response of the surface in the electromagnetic domain. The control information is delivered through an entity called the RIS Controller, which depending on the deployment scenario and controlling type can be co-located with a network node or co-located with the RIS. The inclusion of the RIS in the system introduces additional channels, namely, BS-RIS, RIS-UE, and RIS-RIS links. 
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Figure 6. Illustrative diagram of RIS.

RIS has attracted significant interest within the wireless industry in recent years. RIS has been included as a technology to enhance radio interface within ITU-R IMT-2030 Future Technology Trends report [10]. Within 3GPP, the topic was discussed as part of the 3GPP RAN Rel-18 work package discussions [11], and more recently, there were a number of proposals on RIS at the 3GPP RAN Rel-19 workshop [12].

Outside of 3GPP, ETSI’s Industry Specification Group on RIS (ISG RIS) has been working on defining use cases, covering identified scenarios and documenting the relevant requirements for RIS as a new topological solution. The group has recently published its first set of deliverables on use cases [13], interfaces/architecture [14], and RIS channel modelling and evaluation methodology [15].   

Path forward for RIS in 3GPP
In anticipation of the RIS as an emerging topological solution (esp. targeted at 6G) and potential benefits demonstrated from R&D/pre-standards efforts, 3GPP may consider starting work on RIS through a study phase with a main focus on channel modelling. The standardization requirements of RIS technology such as potential systems impact may be considered after the study phase is completed. 
The deployment scenario and operating frequency (FR1/FR2, FR3, sub-THz/THz, etc.), type of RIS (e.g., reflective, refractive, absorptive), panel design (e.g., # of unit-cells), and respective application (e.g., RIS-aided communication, localization, or sensing), all have an impact on the RIS channel modelling. Then, there are different modelling approaches including statistical, deterministic, hybrid (with ray-tracing), etc. that may be considered. 
Observation 12: The channel modelling for RIS requires defining use cases, deployment scenarios, as well as RIS panel/metamaterial and operating modes. 
A multi-stage approach to RIS channel modelling is therefore suggested for 3GPP in view of the multitude of features and dependencies. The first stage study should aim to reuse/enhance existing 3GPP stochastic geometry based channel models and deployment scenarios (e.g., FR1/FR2) as much as possible. Advanced RIS features or/and deterministic/hybrid modelling approaches can then be considered in future stages. 
Proposal 7: Employ a multi-stage channel modelling approach for RIS with Stage-1 focused on modifying stochastic geometry-based approaches from 3GPP TR 38.901 (for FR1/FR2). 

Required changes to TR38.901 for RIS
Existing 3GPP channel models (TR 38.901) are used to model and analyze communication performance between the gNB and the UE. RIS introduces additional links in the environment, namely, TX-RIS, RIS-RX, and RIS-RIS channels, that need be modelled in addition to the TX-RX channel.
Per as Proposal 7, the Stage-1 channel modelling for RIS should be focused on modifying/reusing existing 3GPP stochastic geometry-based models as much as possible. Moreover, different RIS modes require different channel modelling considerations. It is therefore proposed that the Stage-1 study is limited to reflective RIS operating under far-field channel conditions, considering FR1/FR2. Other RIS modes and advanced features (such as operation in near-field) can be realized in future RIS channel modelling stages.   

Observation 13: Different RIS modes (reflection, refraction, absorption, etc.) entail different channel modelling considerations.
Proposal 8: Stage-1 RIS channel modelling should be on reflective RIS operating under far-field channel conditions over existing bands defined in NR (i.e., FR1/FR2) and other RIS modes can be realized in future RIS channel modelling stages. 
ETSI ISG RIS report in [15] provides a study of channel modelling for RIS-integrated systems. The report emphasizes on need for channel modelling that strikes a balance between complexity and accuracy, considering factors like frequency ranges, bandwidth, and RIS structures for future studies, including interference analysis and performance evaluation. In relation to Stage-1 RIS channel modelling in 3GPP, the report also provides views on reusing 3GPP channel models to model each hop of the RIS-based system link (i.e., BS-UE, BS-RIS, RIS-UE, RIS-RIS, etc.), as illustrated in Table 3.
[bookmark: TAB_1]Table 3: 3GPP channel models that are applicable to RIS use cases [15].
	Scenarios
	BS-UE channel model
	BS-RIS channel model
	RIS-UE channel model
	RIS-RIS channel model

	Urban deployment: avoiding indoor UE's penetration loss
	Uma/Umi
	Uma/Umi
	InH/InF 
	Uma/Umi/InH/InF

	Urban deployment: UE‑controlled RIS
	Uma/Umi
	Uma/Umi
	LOS
	N/A

	Urban deployment: RIS close to BS
	Uma/Umi
	LOS
	Uma/Umi
	Umi

	Urban deployment: coverage extension 
	Uma/Umi
	Uma/Umi
	Uma/Umi
	Uma/Umi

	Indoor scenario
	InH/InF
	InH/InF/LOS
	InH/InF/LOS
	InH/InF



Observation 14: ETSI ISG RIS report in [15] provides a detailed study of channel modelling for RIS-integrated systems including use of existing 3GPP channel models for modelling each hop of RIS-based system link (i.e., BS-UE, BS-RIS, RIS-UE, RIS-RIS, etc.).
Other considerations in terms of enhancements to 3GPP TR 38.901 for capturing small-scale and large-scale fading parameters and processes should be studied for different deployment scenarios (indoor, outdoor, O2I, LoS/NLOS, etc.). For modelling small-scale propagation effects, parameters for the TX-RIS and RIS-RX link can be created separately and sets of rays associated, or additional clusters may be introduced in the channel realization [16]. Then, for large-scale propagation effects, separated or cascaded pathloss models may be considered.
Proposal 9: Study enhancements for capturing small-scale and large-scale propagation effects in 3GPP TR 38.901 to incorporate RIS-integrated system. 
Other considerations on Rel-19 channel modelling SI
Prioritization of topics with TU consideration
In the previous Rel-19 workshop, three topics are identified for pre-6G channel modelling such as FR3, ISAC, and RIS. Each of the topics has different level of supports and interests from the companies. 
Although the number of TU for channel modelling SI has not been decided yet, if the channel modelling SI is included in Rel-19, at least 2-3 TUs need to be assigned to provide a sufficient time for channel modelling study with key deployment scenarios, use cases, and operation mode. Even with 2-3 TUs for channel modelling, it would be very difficult to study all three topics without scope reduction. It is also indicated by RAN chair in the summary [1] that studying all three topics in Rel-19 is very challenging.
Based on the level of importance for 6G, maturity of technologies, and availability of measurement campaigns, we propose to prioritize ISAC and FR3 over RIS in Rel-19. Also, within each topic, scenarios, use cases, and operation mode could be further prioritized as discussed in the previous sections. For example, FR3 far-field could be prioritized as near-field channel modelling which requires significantly higher workload although enhancement of near-field operation is the key enabler for FR3. gNB-UE bistatic sensing mode is prioritized over other sensing modes as it is one of the key use cases and workload is reasonable as the existing channel model can be used as baseline and add required changes for ISAC.
Proposal 10: Prioritize the topic in the following order and select based on TU allocation:
· FR3 (far-field only) and ISAC (gNB-UE bistatic sensing mode only) – estimated required 2TU  
· FR3 near-field – estimated required 1TU  
· Additional sensing mode (e.g., gNB-gNB bistatic, gNB/UE monostatic)
· RIS (far-field only)

Necessity of RAN-level study
A short RAN-level study may help to reduce the scope of each of the topics before the RAN1 starts designing channel model for a given TU. However, if the scope of Rel-19 channel modelling SI is already properly decided with a given TU, it is not necessary to have RAN-level study. Occasionally, regulatory requirement for a new spectrum has been studied in RAN-level but we don’t have a specific frequency band in FR3 to discuss regulatory requirement at this point. Therefore, unless we decide details of the channel modelling scope after the SID approved, we don’t see the need of RAN-level study for channel modelling.
Observation 15: RAN-level study for Rel-19 channel modelling SI is not needed unless the details of channel modelling scope are decided after the SID approval. 
Proposal 11: Rel-19 channel modelling study is started in RAN WG without RAN-level study.
Dependency between FR3, ISAC, and RIS
Although there are similarities across these new areas for channel modelling, the inherent differences between them ultimately requires separate studies. The dependencies can be identified in the WG-level study and handled as a common agenda for better efficiency.
Observation 16: Despite certain dependencies, FR3, ISAC, and RIS channel modelling requirements are inherently different. The dependencies can be identified during WG-level study and handled as a common agenda if necessary.
Summary
In this contribution, we discussed potential scope, required change, and priority of the Rel-19 channel modelling study. Based on the discussion, we made the following observations and proposals: 
FR3 channel modelling
Observation 1: While the general framework of channel modelling in TR 38.901 may be sufficient, some aspects of modelling may need to be refined and verified.
Observation 2: In FR3, a significant number of UEs would be operating in NF zone, where the existing FF assumption considered in the TR 38.901 does not hold true.
Observation 3: By splitting the effort into two parts, it becomes possible to direct the work in Rel-19 towards only one part. For example, in Rel-19, TR 38.901 can be refined to address only the issues related to FF operation in FR3, e.g., as captured in Table 1. 
Observation 4: For a given antenna system, by increasing , a NF channel model is reduced to an FF channel model.

Proposal 1: For FR3 channel modelling in Rel-19, discuss and down-select from,
· Option 1: In Rel-19, TR 38.901 will be refined to address only the issues related to FF operation in FR3, e.g., as captured in Table 1. 
· Option 2: Focus the study of channel modelling for FR3 based on NF assumptions, based of which an FF channel model can be derived.
Proposal 2: Support Option 2 as the way-forward for the FR3 channel model study, if sufficient TUs are allocated.

ISAC channel modelling
Observation 5: Incorporating sensing and ISAC functionalities in 3GPP additionally requires modelling the properties of targets, reflections through it and the new scenarios which are not fully supported by the current 3GPP channel model in [3].
Observation 6: The modelling impact of DL and UL bistatic sensing mode may be the lowest and can be the starting point of sensing channel modelling focusing on the sensing target first rather than the scenario.
Observation 7: Existing scenarios from TR 38.901 can support sensing use cases in TR 22.837 for gNB-UE bistatic sensing. New scenario for other type of sensing mode (e.g., outdoor/indoor monostatic scenario, gNB-gNB scenarios, etc.) can be studied in the later release. 
Observation 8: Sensing clusters (e.g., to represent the sensing targets, objects, etc.) need to be introduced to capture reflected rays accurately.
Observation 9: To introduce a dependence of sensing functionality on the communication performance and vice versa (e.g., for ISAC), correlation between the sensing channel and communication channel may be introduced. One way to do this is to determine the association the sensing cluster with the communication cluster.
Observation 10:The properties of the sensing cluster including scattering and mobility properties should be characterized. The scattering properties may include monostatic and bistatic RCS, angular spread etc. The mobility properties may include change in Doppler shift, phase, etc. 
Observation 11: Sensing clutter should be introduced to model the sensing noise.

Proposal 3: Study ISAC channel modelling with enhancements based on the 3GPP stochastic channel model specified in TR38.901. Enhancements should be modification or addition to existing modules in the channel model.
Proposal 4: No restriction on supporting existing frequency bands (i.e., FR1, FR2, and FR3) for ISAC channel modelling study.
Proposal 5: Prioritize channel models which are suitable for gNB-UE bistatic (both DL and UL) based sensing modes considering DL and UL. 
Proposal 6: Support the following as the required changes to the existing channel model for ISAC:
· Introduction of sensing cluster and its associated characteristics (e.g., scattering and mobility)
· Association of the sensing cluster with the communication cluster
· Introduction of sensing clutters and its associated parameters (e.g., clutter density, height, etc.)

RIS channel modelling
Observation 12: The channel modelling for RIS requires defining use cases, deployment scenarios, as well as RIS panel/metamaterial and operating modes. 
Observation 13: Different RIS modes (reflection, refraction, absorption, etc.) entail different channel modelling considerations.
Observation 14: ETSI ISG RIS report in [15] provides a detailed study of channel modelling for RIS-integrated systems including use of existing 3GPP channel models for modelling each hop of RIS-based system link (i.e., BS-UE, BS-RIS, RIS-UE, RIS-RIS, etc.).

Proposal 7: Employ a multi-stage channel modelling approach for RIS with Stage-1 focused on modifying stochastic geometry-based approaches from 3GPP TR 38.901 (for FR1/FR2). 
Proposal 8: Stage-1 RIS channel modelling should be on reflective RIS operating under far-field channel conditions over existing bands defined in NR (i.e., FR1/FR2) and other RIS modes can be realized in future RIS channel modelling stages.
Proposal 9: Study enhancements for capturing small-scale and large-scale propagation effects in 3GPP TR 38.901 to incorporate RIS-integrated system. 
Rel-19 channel modelling SI
Observation 15: RAN-level study for Rel-19 channel modelling SI is not needed unless the details of channel modelling scope are decided after the SID approval. 
Observation 16: Despite certain dependencies, FR3, ISAC, and RIS channel modelling requirements are inherently different. The dependencies can be identified during WG-level study and handled as a common agenda if necessary.

Proposal 10: Prioritize the topic in the following order and select based on TU allocation:
· FR3 (far-field only) and ISAC (gNB-UE bistatic sensing mode only) – estimated required 2TU  
· FR3 near-field – estimated required 1TU  
· Additional sensing mode (e.g., gNB-gNB bistatic, gNB/UE monostatic)
· RIS (far-field only)
Proposal 11: Rel-19 channel modelling study is started in RAN WG without RAN-level study.
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