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Introductions 
In the first meeting for the study on ISAC deployment scenarios in RAN1#116, the following agreements have been reached:
	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.

	Sensing Targets
	scenarios 

	UAVs
	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)
	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



Agreement
For ISAC channel modelling, RAN1 uses the sensing related terminology as defined in TS22.137 or TR22.837 as a starting point for discussion purposes with the following definitions: 
1. Sensing transmitter: the TRP or a UE that sends out the sensing signal which the sensing service will use in its operation. A sensing transmitter can be located in the same or different TRP or a UE as the sensing receiver.
2. Sensing receiver: the TRP or a UE that receives the sensing signal which the sensing service will use in its operation. A sensing receiver can be located in the same or different TRP or a UE as the sensing transmitter.
3. Sensing target: target that need to be sensed by deriving characteristics of the objects within the environment from the sensing signal.
4. Background environment: background (clutter and/or environmental objects) that are not the sensing target(s).
5. Mono-static sensing: sensing where the sensing transmitter and sensing receiver are co-located in the same TRP or UE.  
6. Bi-static sensing: sensing where the sensing transmitter and sensing receiver are in different TRPs or UEs. 
7. Multi-static sensing: sensing where there are multiple sensing transmitters and/or multiple sensing receivers, for a sensing target.
8. Sensing signal: Transmissions on the 3GPP radio interface that can be used for sensing purposes.



In this paper, we will present our views on the settings of ISAC deployment scenarios. Observations and proposals are put forward accordingly. 
Discussions 
Sensing Modes for ISAC Deployment Scenarios
In the considered scenarios with object detection and/or tracking as sensing purpose, the sensing modes involved and the corresponding impacts on the air interface can be different, as we observe as follows:
（1） UAVs
The trajectory of UAVs for sensing is usually from the ground to the low-latitude airspace (e.g., ≤600m), within the low-latitude airspace, and from the low-latitude airspace to the ground. Therefore, it mostly relies on the sensing modes with only gNB involved, i.e., gNB-gNB bistatic and gNB monostatic.
（2） Humans indoors and outdoors 
The link from the target human indoors to the gNB deployed outside is usually NLOS, and thus it would result in poor sensing performance with sensing modes like gNB-gNB bistatic, gNB monostatic, gNB-UE bistatic, UE-gNB bistatic. Therefore, for sensing human indoors, it prefers to adopt sensing modes with LOS sensing link, e.g., UE-UE bistatic, UE monostatic, where the sensing UE is located indoors. While if the gNB is deployed indoors like femtocell or picocell, the sensing modes involved gNB can also be considered. 
As for humans outdoors, the gNB located nearby can be used to detect the moving humans on the streets or parks. In this scenario, it prefers to use RSU type gNB or gNB located not too high to ensure the echo signal strong enough for sensing. And UE can also be applied for sensing the humans around. Therefore, all of the six sensing modes can be considered to detect the humans outdoors in a certain condition.    
（3） Automotive vehicles (at least outdoors)
In order to detect vehicles moving on the roads consistently, it will refer to use gNB with such sensing capability. Therefore, gNB-gNB bistatic and gNB monostatic sensing modes can be adopted in this scenario. The gNB would be RSU type or located not far from the road to ensure the LOS sensing link from the gNB and the vehicles. 
（4） Automated guided vehicles (e.g. in indoor factories)
Sensing AGV in factories is similar to sensing humans indoors, it will rely on UE or UE-type gNB involved sensing modes. In the factories, the sensing devices will be allocated according to the factory structure and the AGV moving trajectory which is usually set in advance. 
（5） [bookmark: OLE_LINK2]Objects creating hazards on roads/railways, with a minimum size dependent on frequency
For objects intrusion sensing on the roads, it can reuse the sensing devices for vehicles tracking and humans detecting on the roadsides. Therefore, UE and RSU-type gNB involved sensing modes can be used here. And RSU-type gNB involved sensing modes will be utilized mainly since this scenario needs fixed sensing devices to constantly detect the objects creating hazards. As for the objects intrusion sensing along the railways, it is better to use the gNB densely located along the railway. 
The impact on the air interface differs with sensing modes. For UE-UE bistatic and UE monostatic sensing modes, it depends on the sensing signal along the sidelink. Dedicated resource pool for sensing or combined resource pool for both communication and sensing should be investigated. Sensing signal indication and measurement on the sidelink also need to be designed. For UE-gNB bistatic and gNB-UE bistatic sensing modes, the design of dedicated reference signal for sensing along the uplink and downlink, respectively, might be necessary. For gNB-gNB bistatic and gNB monostatic sensing modes, it needs an interference coordination scheme to restrict the interference from the communication channels and other sensing signals. For gNB-gNB bistatic sensing mode, a new channel structure is needed to enable a gNB can receive the sensing signal transmitted by a neighbour gNB. It can reuse IAB solution as a baseline if a sensing gNB is used as a wireless relay.
Based on the above analysis, we summary the sensing scenarios and the related sensing modes in Fig.1. We can see that, for each sensing scenario, it usually doesn’t need to use all of six sensing modes. Considering that the sensing evaluation assumptions depend on the sensing modes, we suggest to down select the sensing modes with low priority for each scenario, and thus to simplify the work of validation and calibration of ISAC channel modelling. The down selection can also take the impacts to the air interface of sensing modes into consideration. 
[image: ]
Fig. 1 Illustration of sensing scenarios and the related sensing modes along with the main impacts to the air interface
Obervation1: For each sensing scenario, it usually doesn’t need to use all of six sensing modes.
Proposal1: For simplifying the work of validation and calibration of ISAC channel modelling, it is suggested to set the sensing modes for each scenario and down select the ones with low priorities, taking the following table as example.
	Sensing Targets
	Sensing Modes

	UAVs
	gNB-gNB bistatic , gNB monastatic

	Humans indoors
	UE/gNB-UE/gNB bistatic ,UE/gNB monastatic
(considering fixed UE or gNB for picocell and femtocell)

	Humans outdoors
	UE/gNB-UE/gNB bistatic ,UE/gNB monastatic
(considering fixed UE or gNB for picocell and femtocell)

	Automotive vehicles (at least outdoors)
	gNB-gNB bistatic, gNB monastatic
(considering  RSU type of gNB)

	Automated guided vehicles (e.g. in indoor factories)
	UE/gNB-UE/gNB bistatic ,UE/gNB monastatic
(considering fixed UE or gNB for picocell and femtocell)

	Objects creating hazards on roads/railways (examples defined in TR 22.837)
	gNB-gNB bistatic, gNB monastatic
(considering RSU type of gNB)



[bookmark: OLE_LINK1]Evaluation Assumptions 
The impacts on the evaluation assumptions due to the involvement of sensing targets mainly include the following factors:
（1） Numerology: The frame type, SCS can bandwidth can be set for both sensing and communication purpose in FR1 and FR2. The maximum sensing overhead can be set here to restrict the negative impact to communication performance. 
（2） Sensing Targets：the initial distribution of targets, targets mobility, targets type, and RCS of targets can be added in the assumptions. The RCS of one type of target can be set as a fixed value or change with the reflecting angel of sensing signal, which depends on discussion results of the ISAC channel modelling section. 
（3） Sensing Devices：the assumptions of distribution and layout of sensing devices, e.g, gNB and UE of a certain sensing scenario can refer to the similar communication scenario, which also taking the sensing mode into account. While as for sensing device of UE type, it can consider to have some UEs especially deployed for sensing purpose, e.g, fixed sensing UEs as we have mentioned in Section 2.1. The configurations of device antenna, radiation pattern and beam set can be adjusted for ISAC.
（4） Channel Model：the sensing channel model is a fundamental parameter for ISAC solution evaluation. The methodology of sensing channel modelling and parameter settings vary with sensing scenarios. Therefore, it should be set based on the sensing scenario for evaluation. 
（5） Interference：The gNB self-interference, co-site co-sector co-channel cross link interference, UE self-interference can be modified for sensing. In addition, interferences to sensing due to multiple sensing targets, environment clutters, and communication signals need to be further investigated and can be discussed in the sensing channel model. 
Generally, we summary the parameter setting in the following table for ISAC, which can be used as a reference for evaluation assumptions. 
	Parameter Set
	FR1
	FR2

	Numerology
	Frequency 
	
	

	
	Bandwidth
	
	

	
	Frame type 
	
	

	
	SCS
	
	

	
	Maximum sensing overhead 
	
	

	Sensing Targets
	Target type
	
	

	
	Target distribution
	
	

	
	Target height
	
	

	
	Target velocity 
	
	

	
	RCS
	
	

	
	Minimum BS-target distance
	
	

	
	Minimum UE-target distance
	
	

	
	Minimum target-target distance
	
	

	
	Target indoor/outdoor proportion 
	
	

	 BS 
	Scenario layout
	
	

	
	BS Tx power
	
	

	
	BS distribution 
	
	

	
	BS height
	
	

	
	BS antenna configuration
	
	

	
	BS radiation pattern
	
	

	
	BS beam set 
	
	

	
	BS mechanic/electronic tilt
	
	

	UE
	UE Tx power
	
	

	
	UE distribution 
	
	

	
	UE height
	
	

	
	UE antenna configuration
	
	

	
	UE radiation pattern
	
	

	
	UE beam set 
	
	

	
	Minimum BS-UE distance
	
	

	
	Minimum UE-UE distance
	
	

	
	UE indoor/outdoor proportion
	
	

	
	UE velocity 
	
	

	Channel Model
	Sensing Model
	
	

	
	Communication Model
	
	

	
	Sensing Mode
	
	

	Interference  
	gNB self-interference
	
	

	
	co-site co-sector co-channel cross link interference
	
	

	
	UE self-interference
	
	

	Notes: 
1. Whether to have BS and UE in the assumptions depends on the sensing mode and whether to evaluate the communication performance or the interaction between sensing and communication. 
2. Parameters of communication UEs and sensing UEs can be set separately. 



Observation 2: Evaluation assumptions of numerology, sensing targets, sensing devices, channel model, and interference are impacted due to the involvement of sensing targets.
Proposal 2: It is suggested have a table of parameter set for evaluation first and then study the corresponding value assumptions for each sensing scenarios.
Proposal 3:  In the parameter set, it is suggested to include the maximum sensing overhead and consider UEs deployed especially for sensing purpose.

Conclusions
In this contribution, we have presented our views on the sensing scenarios and put forward the following observations and proposals.
Obervation1: For each sensing scenario, it usually doesn’t need to use all of six sensing modes.
Proposal1: For simplifying the work of validation and calibration of ISAC channel modelling, it is suggested to set the sensing modes for each scenario and down select the ones with low priorities, taking the following table as example.
	Sensing Targets
	Sensing Modes

	UAVs
	gNB-gNB bistatic , gNB monastatic

	Humans indoors
	UE/gNB-UE/gNB bistatic ,UE/gNB monastatic
(considering fixed UE or gNB for picocell and femtocell)

	Humans outdoors
	UE/gNB-UE/gNB bistatic ,UE/gNB monastatic
(considering fixed UE or gNB for picocell and femtocell)

	Automotive vehicles (at least outdoors)
	gNB-gNB bistatic, gNB monastatic
(considering  RSU type of gNB)

	Automated guided vehicles (e.g. in indoor factories)
	UE/gNB-UE/gNB bistatic ,UE/gNB monastatic
(considering fixed UE or gNB for picocell and femtocell)

	Objects creating hazards on roads/railways (examples defined in TR 22.837)
	gNB-gNB bistatic, gNB monastatic
(considering RSU type of gNB)




Observation 2: Evaluation assumptions of numerology, sensing targets, sensing devices, channel model, and interference are impacted due to the involvement of sensing targets.
Proposal 2: It is suggested have a table of parameter set for evaluation first and then study the corresponding value assumptions for each sensing scenarios.
Proposal 3:  In the parameter set, it is suggested to include the maximum sensing overhead and consider UEs deployed especially for sensing purpose.
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