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1 Discussion
The objective of the study on channel modelling for Integrated Sensing And Communication (ISAC) for NR [1] includes the following: 
The focus of the study is to define channel modelling aspects to support object detection and/or tracking (as per the SA1 meaning in TS 22.137). The study should aim at a common modelling framework capable of detecting and/or tracking the following example objects and to enable them to be distinguished from unintended objects:
· UAVs
· Humans indoors and outdoors 
· Automotive vehicles (at least outdoors)
· Automated guided vehicles (e.g. in indoor factories)
· [bookmark: OLE_LINK3][bookmark: OLE_LINK18]Objects creating hazards on roads/railways, with a minimum size dependent on frequency
All six sensing modes should be considered (i.e. TRP-TRP bistatic, TRP monostatic, TRP-UE bistatic, UE-TRP bistatic, UE-UE bistatic, UE monostatic).
For the above use cases, sensing modes and frequencies:
· Identify details of the deployment scenarios corresponding to the above use cases.


[bookmark: OLE_LINK19]In RAN1#116 and RAN1#116bis, agreements on sensing scenarios and related parameters were agreed as follows. In this contribution, we discuss applicable communication scenarios, the links which channels are missing, and parameters for sensing scenarios.
	RAN1#116
Agreement
For progressing ISAC study, the following sensing targets and existing communication scenarios will be considered as a starting point:
· Note1: the table below does not imply that the sensing target will be placed at positions defined for UEs and BSs in the scenarios in the right column.
· Note2: the table below does not imply that UEs are necessarily placed at positions defined for UEs in the scenarios in the right column.
· Note3: the existing communication scenarios are listed with the intent to use the evaluation parameters defined for those scenarios, as a starting point.

	[bookmark: _Hlk165215154]Sensing Targets
	scenarios 

	[bookmark: _Hlk165194057]UAVs
	[bookmark: OLE_LINK5]RMa-AV, UMa-AV, UMi-AV (TR 36.777) 

	Humans indoors
	InF, Indoor Office, [Indoor Room (TR 38.808)], [UMi, UMa]

	Humans outdoors
	UMi, UMa, [RMa]

	Automotive vehicles (at least outdoors)
	[bookmark: OLE_LINK4]Highway, Urban grid, UMa, UMi, RMa

	Automated guided vehicles (e.g. in indoor factories)
	InF

	Objects creating hazards on roads/railways (examples defined in TR 22.837)
	Highway, Urban grid, HST



RAN1#116bis
Agreement
Any TRP and/or UE location in the corresponding communication scenario can be selected as sensing transmitters and receivers locations. FFS: other possible sensing transmitters and receivers locations.

Agreement
The following table can be used by companies to propose values for each sensing target
· Additional parameters/rows can be added if needed

Table x. Evaluation parameter template for sensing scenarios
	[bookmark: OLE_LINK45]Parameters
	Value

	[bookmark: _Hlk165194168]Applicable communication scenarios
	

	Sensing transmitters and receivers properties
	

	Supported sensing modes
	

	Sensing target
	Outdoor/indoor
	

	
	3D mobility
	

	
	3D distribution
	

	
	Orientation
	

	
	Physical characteristics (e.g., size)
	

	[Unintended/Environment objects]
	Types
	

	
	3D mobility
	

	
	3D distribution
	

	
	Orientation
	

	
	Physical characteristics (e.g., size)
	

	[bookmark: _Hlk165913667][Sensing area]
	

	Minimum 3D distances between pairs of Tx/Rx/sensing target/[unintended objects]
	






2 [bookmark: OLE_LINK24]Applicable Communication Scenarios and Availability of Htarget and Hbackground for ISAC
In RAN1#116, some existing communication scenarios were agreed to be considered as a starting point for sensing targets, including scenarios in TR 38.901 and those in other TRs, including RMa-AV, UMa-AV, and UMi-AV in TR 36.777 for UAVs as sensing targets, Highway and Urban Grid in TR 37.885 for automotive vehicles as sensing targets and Indoor Room in TR 38.808 for indoor humans. In RAN1#116bis, it was agreed to further study what are the applicable communication scenarios for each sensing scenario. We provide our views in section 2.1 and discuss what channels are available in the existing scenarios and what are missing but needed for ISAC channel modelling in the section 2.2 and 2.3.
2.1 [bookmark: OLE_LINK7]Applicable Communication Scenarios
In RAN1#116b, a template table for a sensing scenario and corresponding applicable communication scenarios was agreed on. The table provides configuration of a sensing scenario, including sensing targets and environment objects (EO), and a pairing with communication scenarios by the field applicable communication scenarios. The rationale is that BSs and UEs are modelled in the applicable communication scenarios, some of which can additionally serve as sensing transmitters and/or receivers, and targets and the EOs modelled in the sensing scenarios are an add-on to the BSs and UEs in the applicable communication scenarios.
[bookmark: _Toc166257978]Some BSs and UEs modelled in the applicable communication scenarios can additionally serve as sensing transmitters and/or receivers. The targets and EOs modelled in the sensing scenarios are an add-on to the BSs and UEs in the applicable communication scenarios. 
[bookmark: OLE_LINK29]The three UAV sensing scenarios UMi-AV, UMa-AV, and RMa-AV in TR 36.777 are generated, in principle, by dropping aerial UEs in the counterpart UMi, UMa, and RMa scenarios in TR 38.901, based on a specific aerial UEs to terrestrial UEs ratio. Though the indoor terrestrial UEs to outdoor terrestrial UEs ratios in the new UAV scenarios in 36.777 remain the same as their counterparts in 38.901, the total number of aerial UEs and terrestrial UEs per sector is limited to 15, resulting in 2~3 outdoor terrestrial UEs in a sector for UMi-AV and UMa-AV scenarios. Such a small number of outdoor terrestrial UEs in a sector is unrealistic and too restrictive for ISAC, impacting the selection of UEs as sensing transmitters or receivers, given that in reality there are orders of magnitude more outdoor terrestrial UEs in a sector. In addition, UE mobility for outdoor terrestrial UEs in the scenarios in TR 36.777 is increased to 30 km/h from 3km/h in UMi and UMa scenarios in 38.901. The higher speed makes it more challenging to select outdoor terrestrial UEs as sensing transmitters or receivers. 
[bookmark: _Toc166257979]RMa-AV, UMa-AV, and UMi-AV in TR 36.777 are not suitable as applicable communication scenarios for the UAV sensing scenario, because 2~3 outdoor terrestrial UEs per section is unrealistic and too restrictive for ISAC, given in reality orders of magnitude more outdoor terrestrial UEs are candidate sensing transmitters/receivers, and mobility of outdoor terrestrial UEs is increased from 3km/h in 38.901 to 30km/h in scenarios in 36.777, making it more challenging to select outdoor terrestrial UEs as sensing transmitters or receivers.
V2X TR 37.885 models three types of UEs, i.e., vehicle UEs, UE-type RSUs (road side unit), and pedestrian UEs to simulate V2V, V2I, and V2P sidelink communication in addition to V2N communication. This TR provides road configurations for the urban case and the freeway case. It was proposed in RAN1#116bis that pedestrian UEs in the urban grid case of TR 37.885 can be selected as sensing transmitters/receivers for BS-UE sensing mode. However, in this scenario, pedestrian UEs are equally spaced along the sidewalk with a fixed inter-pedestrian distance. Generally speaking, the specific UE distribution in the two scenarios in 37.885 makes it difficult to match the distribution of outdoor UEs in any scenario in 38.901. 
[bookmark: _Toc166257980]For the automotive sensing scenario, if UEs are selected as sensing transmitters/receivers, the specific UE distribution in the two scenarios in TR 37.885, e.g., pedestrian UEs in urban grid case, which are equally spaced along the sidewalk with a fixed inter-pedestrian distance, makes it difficult to match the distribution of outdoor UEs in any scenarios in 38.901.
[bookmark: OLE_LINK35]The root cause is that RMa-AV, UMa-AV, and UMi-AV scenarios in TR 36.777, the urban case and the freeway scenarios in TR 37.885 are for specific gNB-UE communication, i.e., between gNB and aerial UEs and sidelink communication. Therefore, UE parameters such as distribution and mobility in these scenarios and indoor office scenario in TR 38.808 are different from those in scenarios in TR 38.901. They can be reused to model sensing targets. However, they lose the generality of UEs in an ISAC system, where UEs are communication UEs and/or sensing transmitters/receivers. Some UEs and BSs from communication scenarios in 38.901 can be selected as sensing transmitters/receivers, due to their geometric characteristics, determined sensing mode, etc. In other words, UE and BS distribution in the ISAC system should remain the same as in the communication scenarios in 38.901. In this sense, the applicable communication scenarios to sensing scenarios can be limited to the scenarios in 38.901, while UE parameters in scenarios in TR 36.777 and 37.885 can be used to model sensing targets and possibly some environment objects.
[bookmark: _Toc166257981]RMa-AV, UMa-AV, and UMi-AV scenarios in TR 36.777 and urban case and freeway scenarios in TR 37.885 are for specific gNB-UE communications, i.e., between gNB and aerial UEs and sidelink communication. Therefore, UE parameters in these scenarios are different from those in scenarios in TR 38.901 and lose the generality of UEs in an ISAC system, where UEs are communication UEs and/or sensing transmitters/receivers. 
[bookmark: _Toc166257982]Some UEs and BSs from distribution scenarios in 38.901 can be selected as sensing transmitters/receivers, due to their geometric characteristics, determined sensing mode, etc. However, UE and BS distribution in the ISAC system should remain the same as in the communication scenarios in 38.901.
[bookmark: _Toc166257992][bookmark: OLE_LINK8]The applicable communication scenarios of sensing scenarios can be limited to scenarios specified in 38.901, while sensing scenarios can be parameterized using numbers from e.g., in TR 36.777, 37.885, etc. 
Regarding UMi and UMa for indoor human scenario, note that most indoor traffic in current 4G and 5G networks is served by outdoor macro BS and to a much lesser extent micro BS. This corresponds to the 80% indoor UT ratio in UMi and UMa scenarios in 38.901. Therefore, outdoor BSs and the large number of indoor UEs in UMa and UMi communication scenarios are very relevant and can be considered as sensing transmitters/receivers for indoor human sensing scenario.
[bookmark: _Toc166257983]Most indoor traffic in current 4G and 5G networks is served by outdoor macro BS and to a much lesser extent micro BS. This corresponds to the 80% indoor UT ratio in UMi and UMa scenarios in 38.901.
[bookmark: _Toc166257993]The outdoor BSs and the 80% indoor UEs in UMa and UMi communication scenarios can be considered as sensing transmitters/receivers for indoor human sensing scenario.
[bookmark: _Toc166257994]Adopt the pairing of sensing scenarios and communication scenarios in Table 1 
[bookmark: OLE_LINK10]Table 1: paring of sensing scenarios and existing applicable communication scenarios
	[bookmark: _Hlk165194133]Sensing Scenario
	Applicable Communication Scenarios  

	Sensing Targets
	UAVs
	RMa-AV, UMa-AV, UMi-AV (TR 36.777)  UMa, UMi, RMa

	
	Humans indoors
	InF, Indoor Office, [Indoor Room (TR 38.808)],  [UMi, UMa]

	
	Humans outdoors
	UMi, UMa, [RMa]

	
	Automotive vehicles (at least outdoors)
	Highway, Urban grid, UMa, UMi, RMa

	
	Automated guided vehicles (e.g. in indoor factories)
	InF

	
	Objects creating hazards on roads/railways (examples defined in TR 22.837)
	Highway, Urban grid, HST UMa, UMi, RMa



2.2 [bookmark: _Hlk165920179]Hbackground
HISAC denotes the channel between a sensing transmitter and a sensing receiver. It consists of Htarget and Hbackground. Hbackground is the channel of propagation paths between sensing transmitter and sensing receiver, which do not interact with a sensing target. Hbackground needs to be modelled in a sensing channel model for all sensing modes. On the one hand, the direct LOS propagation path between sensing transmitter and sensing receiver has a significantly larger gain compared to the propagation paths scattered off the target. The difference in power between the two paths may vary between 10--50dB as shown in Figure 1 [2]. On the other hand, to distinguish between targets and unintended objects, unintended objects, namely environment objects, have to be Hbackground. 
[image: ]
[bookmark: _Ref162438569]Figure 1: Estimated received power from the two propagation paths
[bookmark: _Toc166257984]The direct LOS propagation path between sensing transmitter and sensing receiver has a significantly larger gain (e.g. 10~50dB) compared to the propagation paths scattered off the target.
[bookmark: _Toc166257995]Hbackground needs to be modelled in a sensing channel model for all sensing modes, including LOS path between sensing transmitter and sensing receiver and NLOS paths interacted with environment objects.
For TRP-UE bistatic and UE-TRP bistatic sensing modes, Hbackground is the channel between BS and UE. It is worth noting that in TR 38.901 up to Rel-18, gNB-UE bistatic communication channel mode is the only supported mode. Therefore, for TRP-UE bistatic and UE-TRP bistatic sensing modes, Hbackground can be referred to the existing gNB-UE communication channel. 
[bookmark: _Toc166257996]For TRP-UE bistatic and UE-TRP bistatic sensing modes, Hbackground can be referred to the existing gNB-UE communication channel model. 
On the other hand, for TRP-TRP bistatic, TRP monostatic, UE-UE bistatic, and UE monostatic sensing modes, Hbackground refers to BS-BS link, BS mono-static link, UE-UE link, and UE mono-static link. However, channel of these links is not defined in TR 38.901 and needs to be studied. If existing communication scenarios are considered as applicable communication scenarios for a sensing scenario, they need to be updated with parameters to support the BS mono-static and bi-static channels and UE mono-static and bi-static channels, and therefore TRP-TRP bistatic, TRP monostatic, UE-UE bistatic, and UE monostatic sensing modes can be supported for the sensing scenarios [3]. 
[bookmark: _Toc166257985]Hbackground for TRP-TRP bistatic, TRP monostatic, UE-UE bistatic, and UE monostatic sensing modes, namely, BS-BS link, BS mono-static link, UE-UE link, and UE mono-static link, is not defined in TR 38.901 and needs to be studied.
[bookmark: _Toc165630773][bookmark: _Toc166257997]Update the existing communication scenarios in 38.901 with parameters to support the BS mono-static and bi-static channels and UE mono-static and bi-static channels so as to support TRP-TRP bistatic, TRP monostatic, UE-UE bistatic, and UE monostatic sensing modes for the sensing scenarios.
[bookmark: OLE_LINK61][bookmark: OLE_LINK40]BS mono-static and bi-static channel and UE mono-static and bi-static channel have been studied in different NR topics, e.g., NR dynamic TDD, NR V2X, and sub-band full duplex (SBFD). For example, SBFD SI considered gNB self-interference (SI), BS-BS cross-link interference (CLI) and UE-UE CLI. BS-BS CLI includes co-site inter-sector CLI, co-site gNB-gNB CLI, inter-site gNB-gNB CLI. In TR 38.858, BS SI is modelled as 1dB UL receiver sensitivity degradation, and BS-BS CLI is modelled by reusing BS-UE communication channel and changing UE’s height to be the same as that of BS, together with some modifications on angular spread and LOS probability. Such SI and CLI cannot be realistically simulated in co-existence study without a channel model for BS mono/bi-static link. In this sense, channel model of BS mono/bi-static link and UE mono/bi-static link is beneficial for other 3GPP SI/WIs than ISAC. 
[bookmark: _Toc166257986]Channel model of BS mono/bi-static link and UE mono/bi-static link is beneficial for other 3GPP SI/WI than ISAC which involves self-interference or cross-link interference.
It was agreed in RAN1#116bis that new section 7.9 would be created in 38.901 for ISAC including section 7.9.1 for scenarios. In our view, 7.9.1 is to define new sensing scenarios, while the channel model of BS mono/bi-static link and UE mono/bi-static link fits communication scenario better. Considering its significance to 3GPP SI/WI other than ISAC, sections other than 7.9 can be considered, for example, 7.2, 7.4.1, 7.4.2, and 7.5.
	Agreement
The following principle for CR drafting for ISAC and 7-24 GHz channel modeing is endorsed.
· New functional inclusions and changes from ISAC and 7-24 GHz (i.e. near field and spatial non-stationarity) are suggested to be added to separate new (sub) sections.
· RAN1 may discuss further as needed if any other (sub)-section(s) would be amended, including the addition of separate new (sub) section(s), as part of the work for 7-24 GHz and ISAC.
· RAN1 will proceed with the two studies with the assumption that RAN1 will agree two separate CRs, one for each SI.
· Note: if certain function is not necessary, the related sub-section can be revisited later

· For the outcome of validation, whether to replace legacy parameters or include them as additional/alternative parameter set will be determined later when study has progressed further.
· 7-24 GHz SI may introduce new (sub)-sections for additional component under section 7.
· 7.6.X Modelling of near-field propagation
· 7.6.Y Modelling of spatial non-stationarity propagation
· New section 7.9 can be created for ISAC, with following sub-sections:
· 7.9.1 for scenarios
· 7.9.2 for functional components, at least the following would be considered
· object modeling including RCS aspects
· pathloss and LOS probability
· fast fading including 
· target channel, 
· Method to combine the target channel and background channel
· spatial consistency
· 7.9.3 for LLS
· 7.9.4 for calibration


[bookmark: _Toc166257998]Sections in TR 38.901 not limited to section 7.9 can be considered for channel model of BS mono/bi-static link and UE mono/bi-static link.
[bookmark: OLE_LINK11]For the two indoor scenarios in 38.901, indoor office and indoor factory, UEs and BSs are of similar height. BS height of 3m and UE height of 1.5m are assumed in indoor office scenario. Indoor factory scenario supports different factory situations with low BS and high BS. Low BSs are below the average clutter height, namely no higher than 10m and subject to ceiling height, 5~25m. Given the small indoor area and similar heights between UEs and BSs, it is worth consideration whether BS-UE channel model can be reused for UE-UE link and BS-BS link for UE bi-static sensing mode and BS bi-static sensing mode, respectively.
[bookmark: _Toc166257999]For indoor office and indoor factory scenarios, study whether BS-UE channel model can be reused for UE-UE link and BS-BS link for UE bi-static sensing mode and BS bi-static sensing mode, respectively, given similar heights between UEs and BSs in the small indoor area.
Companies are encouraged to perform measurements and provide channel model parameters. For ISAC channel model calibration, some common parameters are to be selected from the admissible parameter sets or specific sensing targets.
[bookmark: _Toc163228113][bookmark: _Toc166258000]Companies are encouraged to perform measurements of BS mono-static/bi-static links and UE mono-static/bi-static links and provide channel model parameters.
[bookmark: _Toc166258001]Make general sensing scenarios that specify only admissible parameter sets.
[bookmark: _Toc163228114][bookmark: _Toc166258002]For channel model calibration, some common calibration parameters are to be selected for specific sensing targets.
2.3 Htarget
With aforementioned pairing between sensing scenarios and applicable communication scenarios and Hbackground between a sensing transmitter and a sensing receiver, in this section we discuss the availability of Htarget of sensing Tx – target link and target – sensing Rx link. 
[bookmark: OLE_LINK20]Let us consider sensing scenarios with outdoor sensing targets, i.e., UAVs, automotives, outdoor humans, and objects creating hazards on roads/railways. Sensing targets can be introduced to UMa, UMi, and RMa scenarios with UE parameters in relevant TRs. Channels of BS – UAV link, BS – vehicle link, and BS – outdoor human/dangerous object link can refer to BS-UE channel in TR 36.777, TR 37.885, and TR 38.901 respectively. If UEs are sensing transmitters/receivers, the link between UEs and outdoor targets is not supported yet and needs further study. The study also applies to UE – Type 1 EO link, because Type-1 EOs were agreed to be modelled in the same/similar way as targets. An summary of availability of both Htarget and Hbacdground can be found in Table 2.
[bookmark: OLE_LINK25]Table 2: Availability of Htarget and Hbackground in sensing scenarios with outdoor sensing targets
	Applicable communication scenarios
	Sensing modes
	H_target
	H_background

	
	
	Sensing Tx – Target Link
	Target - Sensing Rx Link
	Sensing Tx - Sensing Rx

	[bookmark: OLE_LINK42]UMa, UMi, RMa in 38.901
	BS-UE bi-static
	BS- target
	36.777, 37.885, 38.901 
	target - UE
	FFS
	BS-UE
	38.901

	
	BS-BS bi-static
	BS- target
	36.777, 37.885, 38.901
	target - BS
	36.777, 36.885, 38.901
	BS-BS
	FFS

	
	UE-UE bi-static
	UE - target
	FFS
	target - UE
	FFS
	UE-UE
	FFS

	
	UE-BS bi-static
	UE - target
	FFS
	target - BS
	36.777, 36.885, 38.901
	UE-BS
	38.901

	
	BS mono-static
	BS- target
	36.777, 37.885, 38.901
	target - BS
	38.901
	BS mono-static
	FFS

	
	UE mono-static
	UE - target
	FFS
	target - UE
	FFS
	UE mono-static
	FFS


[bookmark: _Toc166257987][bookmark: OLE_LINK23]For sensing scenarios with targets as UAVs, automotives, outdoor humans, and objects creating hazards on roads/railways, if UEs are sensing transmitters/receivers, the link between UE and target is not supported and needs further study, which applies to UE – Type 1 EO link as well.
[bookmark: _Toc166258003]For UE-involved sensing modes, study channel modelling for the link between UEs and outdoor sensing targets for UMa, UMi, RMa in 38.901.
[bookmark: OLE_LINK22][bookmark: OLE_LINK50][bookmark: OLE_LINK51]For indoor sensing targets of indoor humans and AGVs, Indoor Factory, Indoor Office, and UMi, UMa are applicable communication scenarios. Indoor Factory and Indoor Office scenarios model indoor UEs and indoor BSs, which can be selected as sensing transmitter and/or receiver. Outdoor BSs and indoor UEs modelled in UMi and UMa scenarios can serve as sensing transmitter and/or receiver. In this sense, BS – target link can refer to BS–UE communication channel. Regarding indoor UE – target link, given the similar height of UEs and BSs in small area of indoor office and indoor factory, channel properties such as LOS probability and pathloss between a UE and a target may resemble those between a BS and the target. Therefore, it can be considered whether the BS-UE channel modelling for indoor scenarios in 38.901 can be reused for the link between indoor UEs (as sensing nodes) and indoor sensing targets, which are put in [] in Table 3. As discussed in section 2.2, we put [] for BS mono/bi-static link and UE mono/bi-static link.
Table 3: Availability of Htarget and Hbackground in sensing scenarios with indoor sensing targets
	Applicable communication scenarios
	Sensing modes
	H_target
	H_background

	
	
	Sensing Tx – Target Link
	Target - Sensing Rx Link
	Sensing Tx - Sensing Rx

	Indoor office, Indoor factory, UMa, UMi in 38.901
	BS-UE bi-static
	BS- target
	38.901
	target - UE
	[38.901]
	BS-UE
	38.901

	
	BS-BS bi-static
	BS- target
	38.901
	target - BS
	38.901
	BS-BS
	[38.901]

	
	UE-UE bi-static
	UE - target
	[38.901]
	target - UE
	[38.901]
	UE-UE
	[38.901]

	
	UE-BS bi-static
	UE - target
	[38.901]
	target - BS
	38.901
	UE-BS
	38.901

	
	BS mono-static
	BS- target
	38.901
	target - BS
	38.901
	BS mono-static
	[38.901]

	
	UE mono-static
	UE - target
	[38.901]
	target - UE
	[38.901]
	UE mono-static
	[38.901]



[bookmark: _Toc166257988]Given the similar height of UEs and BSs in small area of indoor office and indoor factory, channel properties such as LOS probability and pathloss between a UE and a target may resemble those between a BS and the target. 
[bookmark: _Toc166258004]Study whether the BS-UE channel modelling for indoor scenarios in 38.901 can be reused for the link between indoor UEs (as sensing nodes) and indoor sensing targets.
3 Sensing Scenarios
In RAN1#116b, a template table for sensing scenarios was agreed, which provides a glimpse of the overall ISAC setup, including parameters of sensing targets and environment objects, supported sensing modes, and applicable communication scenarios. In this section, we provide some suggestions for the parameters.
3.1 Targets
[bookmark: OLE_LINK28]In principle, UE parameters in 36.777, 37.885 can be used as a starting point to model UAVs and vehicles. However, some restrictions are imposed in these TRs and not applicable to ISAC purpose. For example, in 36.777, UAVs are uniformly distributed between 1.5m and 300m with horizontal-plane mobility at the constant speed of 160km/h. Such horizontal-plane mobility is too simplistic for UAV detection and/or tracking. In a real UAV sensing scenario, UAVs may change altitude and orientation and move with a time-varying speed. Its 3D position is a function of time. Moreover, value ranges for some parameters are more favorable than specific values to support the same type of sensing targets with different geometric characteristics, such as different vehicle sizes and velocities. 
[bookmark: _Toc166257989]Some UE-related parameters in 36.777, 37.885 are not suitable for target detection and tracking, such as horizontal-plane mobility for UAVs.
[bookmark: _Toc166258005]Study value ranges rather than specific values for parameters including height, velocity, and size to support the same type of sensing targets with different geometric characteristics.
[bookmark: OLE_LINK57][bookmark: _Hlk165913763][bookmark: _Hlk165917655]Sensing area is added in the template table, whose definition is FFS. In our view, from a system level simulation perspective, it is equivalent to cell layout, such as hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m) for UMa, where sensing targets are distributed in the cells. Orientation specifies the pose of the target relative to the global coordinate system. The orientation is given by the global representation of the x, y and z axes of the local coordinate system of the target, which stacked in a 3x3 dimensional matrix constitute a rotation matrix, that also can be parameterized by the three angles: bearing, downtilt and slant (compare to how the orientation of base stations is parameterized). Note that for a target the equivalent terms yaw, pitch, roll might make more sense than the base station specific bearing, downtilt, slant. Minimum 3D distance between sensing Tx/Rx and target can be calculated from the minimum 2D distance and the heights of target and BS. The minimum 2D distance between target and gNB can refer to that between UE and BS in the appliable communication scenario. The minimum 2D distance between target and UE as a sensing node is to be studied, depending on ratio between sensing targets and UEs.
[bookmark: _Toc166258006]Sensing area is equivalent to cell layout of the applicable communication scenario from SLS perspective.
[bookmark: _Toc166258007]Orientation can be represented as a bearing angle, a downtilt angle, and a slant angle.
[bookmark: _Toc166258008]Minimum 3D distance between sensing Tx/Rx and target can be calculated from the minimum 2D distance and the heights of target and BS. 1) The minimum 2D distance between target and gNB can refer to that between UE and BS in the appliable communication scenario. 2) Study the minimum 2D distance between target and UE as a sensing node, depending on ratio between sensing targets and UEs.
3.2 Environment Objects (EO)
It was agreed in RAN1#116bis that Type-1 environment objects having comparable physical characteristics as a sensing target can be modelled same/similar as the sensing target, and Type-2 environment objects can be significant reflectors. Nevertheless, Option 4 implies that it is possible that EO are not modelled. Though the importance of EO is briefly discussed in section 2.2, in this section we discuss the two types of EOs separately and then provide candidate values for EO-related parameters.
Agreement
EO is a non-target object with known location. 
· FFS other known parameters of the EO
· FFS details on EO modeling
The following options for EO modeling are considered for further study 
· Option 1: EO is modelled different from a sensing target 
· Applicable at least for an EO having extremely large size (referred as EO type-2 for discussion purpose) 
· FFS modeled similar to section 7.6.8 ground reflection in TR 38.901
· FFS EO modeling impacts the target channel and/or the background channel
· Option 2: EO is modeled same/similar as a sensing target
· [bookmark: OLE_LINK48]Applicable for an EO having comparable physical characteristics as a sensing target, (referred as EO type-1 for discussion purpose)
· FFS Applicable for EO type-2
· FFS EO modeling impacts the target channel and/or the background channel
· Option 3: EO is modeled and its location is determined from a stochastic clutter generated following the cluster generation in TR 38.901
· FFS details
· Option 4: EO is not modelled
· Other options are not precluded
· Note: it is not precluded that multiple options can be supported in the channel modelling
[bookmark: OLE_LINK53]Type-1 environment objects are the unintended objects, which sensing receivers need to distinguish from the real targets. In contrast, sensing receivers usually don’t mistake sensing targets for Type-2 environment objects, or vice-versa. Some typical Type-1 environment objects are of the similar type as sensing targets. e.g., birds in UAV scenario, pedestrians and cyclists in outdoor human scenario. In addition, objects of the same type as sensing targets are also unintended objects. For example, in a highway scenario, one vehicle is the target, and other surrounding vehicles are part of the background environment. 
[bookmark: _Toc163228102][bookmark: _Toc166257990]Type-1 environment objects are the unintended objects, with the same type as sensing targets or similar type, e.g., birds in UAV scenario and pedestrians and cyclists in outdoor human scenario.
[bookmark: OLE_LINK14]Type-1 environment objects can be modelled in the same/similar way as sensing targets, but with different trajectories so that they can be distinguished from the targets. An addition parameter of the number of Type-1 EOs or the ratio between Type-1 EOs and sensing targets is needed. Presence of Type-1 EO in channel modelling can mimic the real sensing situation and enable sophisticated sensing detection algorithm.
[bookmark: _Toc163228110][bookmark: _Toc166258009]Type-1 environment objects can be modelled with different trajectories so that they can be distinguished from the targets. An additional parameter of the ratio between Type-1 environment objects and sensing targets is needed.
Type-2 environment objects are significant reflectors. In sensing scenarios where automotive vehicles, humans, or AGVs are sensing targets, the most common Type-2 environment object(s), are buildings and walls. Not only their positions and orientations are known for channel modelling but also their size, reflection characteristics.
From the measurements in [2], it was seen that reflections of the target in multiple walls, Type-2 EO, might be present in the channel. These reflections can confuse the sensing algorithm to believe that the target is in a completely different position, if not handled properly by the algorithm. If handled correctly, however, these additional observations of the target can be used to increase the accuracy of the target positioning, especially if there is some prior knowledge about the position, orientation and extent of the reflective surface.
[bookmark: _Toc163228103][bookmark: _Toc166257991]The most common Type-2 environment objects are buildings and walls. They, if modelled in a geometrically consistent way, can be used for target detection and tracking.
[bookmark: OLE_LINK16][bookmark: OLE_LINK15]The stochastic background channel in e.g., 38.901 already implicitly includes the multipath from the environment, but for sensing purposes it can be important to model some environment objects using a deterministic approach, i.e., to guarantee geometrically consistent reflections in a target channel. However, to avoid double-counting, the number of deterministic environment objects should be limited. 
[bookmark: _Toc163228101][bookmark: _Toc166258010]Since environment objects are implicitly accounted for in the stochastic model care needs to be taken when adding deterministic environment objects in a sensing scenario.
Examples of environment objects are added for the corresponding sensing targets in Table 4. Note that objects of the same type as a sensing target but other than the target are not listed in the Type-1 EO column.
[bookmark: _Toc163228108][bookmark: _Toc166258011]Study the modelling of environment objects in Table 4.
Table 4: Examples of environment objects in sensing scenarios
	[bookmark: RANGE!I9]Sensing Targets
	[bookmark: RANGE!J9]Background environment

	
	Examples of Type-1 EO (i.e., unintended objects) of similar type as sensing targets
	Examples of Type-2 EO

	UAVs
	birds
	 

	Humans indoors
	 
	walls

	Humans outdoors
	pedestrians, cyclists, vehicles
	walls, buildings

	Automotive vehicles (at least outdoors)
	 pedestrians, cyclists
	walls, buildings

	Automated guided vehicles (e.g. in indoor factories)
	workers 
	walls

	Objects creating hazards on roads/railways (examples defined in TR 22.837)
	 cars, trains
	safety barriers 

	Note: Objects of the same type as a sensing target but other than the target are not listed in the Type-1 EO column.


Note that parameters of targets and Type-1 EOs are independent from applicable communication scenarios. This is because that a UAV or a bird doesn’t know if it is flying over a macrocell or a microcell. However, sizes of Type-2 EO may need to take communication scenarios into consideration. Buildings in UMa and UMi are usually of larger size than those in RMa. 
[bookmark: _Toc166258012]Modelling of Type-2 EO may need to take applicable communication scenarios into account.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Some BSs and UEs modelled in the applicable communication scenarios can additionally serve as sensing transmitters and/or receivers. The targets and EOs modelled in the sensing scenarios are an add-on to the BSs and UEs in the applicable communication scenarios.
Observation 2	RMa-AV, UMa-AV, and UMi-AV in TR 36.777 are not suitable as applicable communication scenarios for the UAV sensing scenario, because 2~3 outdoor terrestrial UEs per section is unrealistic and too restrictive for ISAC, given in reality orders of magnitude more outdoor terrestrial UEs are candidate sensing transmitters/receivers, and mobility of outdoor terrestrial UEs is increased from 3km/h in 38.901 to 30km/h in scenarios in 36.777, making it more challenging to select outdoor terrestrial UEs as sensing transmitters or receivers.
Observation 3	For the automotive sensing scenario, if UEs are selected as sensing transmitters/receivers, the specific UE distribution in the two scenarios in TR 37.885, e.g., pedestrian UEs in urban grid case, which are equally spaced along the sidewalk with a fixed inter-pedestrian distance, makes it difficult to match the distribution of outdoor UEs in any scenarios in 38.901.
Observation 4	RMa-AV, UMa-AV, and UMi-AV scenarios in TR 36.777 and urban case and freeway scenarios in TR 37.885 are for specific gNB-UE communications, i.e., between gNB and aerial UEs and sidelink communication. Therefore, UE parameters in these scenarios are different from those in scenarios in TR 38.901 and lose the generality of UEs in an ISAC system, where UEs are communication UEs and/or sensing transmitters/receivers.
Observation 5	Some UEs and BSs from distribution scenarios in 38.901 can be selected as sensing transmitters/receivers, due to their geometric characteristics, determined sensing mode, etc. However, UE and BS distribution in the ISAC system should remain the same as in the communication scenarios in 38.901.
Observation 6	Most indoor traffic in current 4G and 5G networks is served by outdoor macro BS and to a much lesser extent micro BS. This corresponds to the 80% indoor UT ratio in UMi and UMa scenarios in 38.901.
Observation 7	The direct LOS propagation path between sensing transmitter and sensing receiver has a significantly larger gain (e.g. 10~50dB) compared to the propagation paths scattered off the target.
Observation 8	Hbackground for TRP-TRP bistatic, TRP monostatic, UE-UE bistatic, and UE monostatic sensing modes, namely, BS-BS link, BS mono-static link, UE-UE link, and UE mono-static link, is not defined in TR 38.901 and needs to be studied.
Observation 9	Channel model of BS mono/bi-static link and UE mono/bi-static link is beneficial for other 3GPP SI/WI than ISAC which involves self-interference or cross-link interference.
Observation 10	For sensing scenarios with targets as UAVs, automotives, outdoor humans, and objects creating hazards on roads/railways, if UEs are sensing transmitters/receivers, the link between UE and target is not supported and needs further study, which applies to UE – Type 1 EO link as well.
Observation 11	Given the similar height of UEs and BSs in small area of indoor office and indoor factory, channel properties such as LOS probability and pathloss between a UE and a target may resemble those between a BS and the target.
Observation 12	Some UE-related parameters in 36.777, 37.885 are not suitable for target detection and tracking, such as horizontal-plane mobility for UAVs.
Observation 13	Type-1 environment objects are the unintended objects, with the same type as sensing targets or similar type, e.g., birds in UAV scenario and pedestrians and cyclists in outdoor human scenario.
Observation 14	The most common Type-2 environment objects are buildings and walls. They, if modelled in a geometrically consistent way, can be used for target detection and tracking.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The applicable communication scenarios of sensing scenarios can be limited to scenarios specified in 38.901, while sensing scenarios can be parameterized using numbers from e.g., in TR 36.777, 37.885, etc.
Proposal 2	The outdoor BSs and the 80% indoor UEs in UMa and UMi communication scenarios can be considered as sensing transmitters/receivers for indoor human sensing scenario.
Proposal 3	Adopt the pairing of sensing scenarios and communication scenarios in Table 1
Proposal 4	Hbackground needs to be modelled in a sensing channel model for all sensing modes, including LOS path between sensing transmitter and sensing receiver and NLOS paths interacted with environment objects.
Proposal 5	For TRP-UE bistatic and UE-TRP bistatic sensing modes, Hbackground can be referred to the existing gNB-UE communication channel model.
Proposal 6	Update the existing communication scenarios in 38.901 with parameters to support the BS mono-static and bi-static channels and UE mono-static and bi-static channels so as to support TRP-TRP bistatic, TRP monostatic, UE-UE bistatic, and UE monostatic sensing modes for the sensing scenarios.
Proposal 7	Sections in TR 38.901 not limited to section 7.9 can be considered for channel model of BS mono/bi-static link and UE mono/bi-static link.
Proposal 8	For indoor office and indoor factory scenarios, study whether BS-UE channel model can be reused for UE-UE link and BS-BS link for UE bi-static sensing mode and BS bi-static sensing mode, respectively, given similar heights between UEs and BSs in the small indoor area.
Proposal 9	Companies are encouraged to perform measurements of BS mono-static/bi-static links and UE mono-static/bi-static links and provide channel model parameters.
Proposal 10	Make general sensing scenarios that specify only admissible parameter sets.
Proposal 11	For channel model calibration, some common calibration parameters are to be selected for specific sensing targets.
Proposal 12	For UE-involved sensing modes, study channel modelling for the link between UEs and outdoor sensing targets for UMa, UMi, RMa in 38.901.
Proposal 13	Study whether the BS-UE channel modelling for indoor scenarios in 38.901 can be reused for the link between indoor UEs (as sensing nodes) and indoor sensing targets.
Proposal 14	Study value ranges rather than specific values for parameters including height, velocity, and size to support the same type of sensing targets with different geometric characteristics.
Proposal 15	Sensing area is equivalent to cell layout of the applicable communication scenario from SLS perspective.
Proposal 16	Orientation can be represented as a bearing angle, a downtilt angle, and a slant angle.
Proposal 17	Minimum 3D distance between sensing Tx/Rx and target can be calculated from the minimum 2D distance and the heights of target and BS. 1) The minimum 2D distance between target and gNB can refer to that between UE and BS in the appliable communication scenario. 2) Study the minimum 2D distance between target and UE as a sensing node, depending on ratio between sensing targets and UEs.
Proposal 18	Type-1 environment objects can be modelled with different trajectories so that they can be distinguished from the targets. An additional parameter of the ratio between Type-1 environment objects and sensing targets is needed.
Proposal 19	Since environment objects are implicitly accounted for in the stochastic model care needs to be taken when adding deterministic environment objects in a sensing scenario.
Proposal 20	Study the modelling of environment objects in Table 4.
Proposal 21	Modelling of Type-2 EO may need to take applicable communication scenarios into account.
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