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1. Introduction
The following objectives are defined in Rel.19 ISAC SID [1].
	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)
· 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). 

Frequencies from 0.5 to 52.6 GHz are the primary focus, with the assumption that the modelling approach should scale to 100 GHz. (If significant problems are identified with scaling above 52.6 GHz, the range above 52.6 GHz can be deprioritized.)

For the above use cases, sensing modes and frequencies:
· Identify details of the deployment scenarios corresponding to the above use cases.
· Define channel modelling details for sensing using 38.901 as a starting point, and taking into account relevant measurements, including:
a) modelling of sensing targets and background environment, including, for example (if needed by the above use cases), radar cross-section (RCS), mobility and clutter/scattering patterns;
b) spatial consistency.

It will be discussed at RAN#105 whether to include additional study beyond channel modelling for ISAC.


In this contribution, we discuss the deployment scenarios for the ISAC channel modeling.
2. Discussions
The SNR of the received sensing signal can be one of the metric for performance comparison between monostatic and bistatic sensing. The pathloss of the monostatic sensing is proportional to the 4th power of the distance (D) between the sensing entity and the target object.

Therefore, at the edge of the network coverage for example, the received signal power is too low for object detection in monostatic sensing. It means that the sensing coverage is much smaller than that of the communication, where the pathloss of the received signal is proportional to the square of the distance.
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Figure 1 Monostatic sensing coverage
The pathloss of the bistatic sensing is proportional to the square of the product of the distance between Tx entity and the target object (Dtx-obj), and the distance between the target object and Rx entity (Dobj-rx).

Different from the monostatic sensing case, the sufficient received signal power for object detection can be obtained even at the edge of the network coverage in bistatic sensing. For example, if Rx entity is near the target object (Dtx-obj >> Dobj-rx), the pathloss is almost proportional only to the square of Dtx-obj. This means that the bistatic sensing can provide a comparable coverage as the communication.
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Figure 2 Bistatic sensing coverage
Considering the analysis above, if the sensing is combined with the communication, the bistatic sensing is more beneficial in that the single ISAC signal can provide the same coverage for both sensing and communication.
Observation 1: Bistatic sensing can provide almost same coverage as communication, whereas the monostatic sensing provides much smaller coverage than communication.
Similar to the monostatic sensing case, unless two network coverages of the adjacent TPRs significantly overlap each other, TRP-TRP bistatic sensing mode cannot provide the same coverage that is provided by each TRP. Usually those two adjacent network coverage areas do not overlap that much so as to avoid the inter-cell interference. On the contrary, the coverage of the signal transmitted by UE may overlap depending on the distance between the adjacent UEs.
Another issue of TRP-TRP bistatic sensing is that the probability of the presence of LOS path between two TRPs and the target object is lower than a single TRP case. With this reason, it seems not feasible to use TRP-TRP bistatic sensing, compared to TRP-UE or UE-TRP bistatic sensing for example.
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Figure 3 TRP-TRP bistatic sensing for terrestrial object detection
Observation 2: TRP-TRP bistatic sensing mode may suffer both significant pathloss due to the distance and limited service availability due to the absence of LOS to/from the object.
Considering the sensing service availability, the sensing service needs to be provided to all the possible coverage cases – inside, outside and partial network coverage case. Although TRP will work as Tx or Rx sensing entity in the network coverage area, TRP is not available in the outside-of-the network coverage area. In OOC case, the only sensing solution will be UE-UE bistatic or UE monostatic sensing. As commented above, the coverage of the signal transmitted by UE may overlap depending on the distance between the adjacent UEs. So at least for the out-of-network coverage, UE-UE bistatic and UE monostatic sensing mode needs to be included in the deployment scenario.
Observation 3: UE-UE bistatic or UE monotstatic sensing mode are the only sensing modes that can provide the sensing service in the out-of-network-coverage area.
One of the advantages that ISAC based sensing can provide compared to the traditional radar is the extended coverage of sensing service. For example, vehicle radar can detect an object within a limited range due to its transmission power constraint. If TRP is involved in sensing operation such as TRP-UE or UE-TRP bistatic sensing, it can provide a wider sensing coverage area that is comparable to that of the communication service.
The sensing modes that involves TRP is thought to be more economically beneficial in that the existing well-configured communication infrastructure such as base station or TRP can be reused for the sensing purpose.
Observation 4: Sensing modes that involves TRP(s) may provide a larger sensing service area, compared to one that involves UE(s) only.
Unlike TRP-TRP bistatic sensing that is not feasible at least for the terrestrial sensing use case, TRP-UE and UE-TRP bistatic sensing can provide the practical advantage. In the sensing coverage perspective, TRP can extend the sensing service coverge due to its high power transmission and well-configured network configuration. In addition, even though it’s not easy to find two TRPs that has LOS path to/from the target object at the same time, it’s more probable to find an adjacent UE that are located nearby the target object. So, TRP-UE and UE-TRP bistatic sensing provides benefits from both sensing coverage and service availability perspective.
Observation 5: TRP-UE or UE-TRP bistatic sensing mode may have benefits in the perspective of both coverage and availability of the sensing service.
It is well known that monostatic sensing requires the full duplex operation of Tx and Rx at the same time and same frequency. The implementation of such full duplex operation is quite challenging and expensive. The implementation issue is more problematic to UE than gNB/TRP in that it requires high cost and complex hardware. The implementation hurdle can be somewhat relaxed if a separate Tx and Rx antenna are located close in distance. However, this implementation approach still requires double amount of cost compared to bistatic sensing. 
On the contrary, for bistatic sensing, Tx and Rx entities are separate entities so there is no such hardware complexity issue caused by the full duplex operation. Of course, the synchronization between Tx and Rx entities are pre-requisite for high performance sensing. So from the hardware complexity and the cost perspective, bistatic sensing seems more feasible than monostatic sensing.
Observation 6: Monostatic sensing mode requires full duplex operation, which is not required in bistatic sensing mode.
One exception on the analysis in Observation 2 is the case of UAV detection. According to TR on Enhanced LTE support for aerial vehicles [2], UAV receives DL interference from a larger number of cells than a typical terrestrial UE does due to the high LOS propagation probability. That means, unlike the terrestrial communication case, it’s more probable that UAV can see a strong LOS path from/to the multiple base stations or TRP. With the observation above, TRP-TRP bistatic sensing seems feasible solution for UAV detection use case.
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Figure 4 TRP-TRP bistatic sensing for UAV detection
Observation 7: For detection of UAV use case, TRP-TRP bistatic sensing mode can be deployed based on the observation that UAV can see a large number of TRPs, compared to UE on the ground.
Regarding the deployment of TRPs, UEs and other obstacles such as buildings and roads, etc. for evaluation, we prefer to reuse the existing evaluation scenarios as much as possible. First of all, for the evaluation of the monostatic and bistatic sensing that involves TRP (i.e. TRP-TRP/TRP-UE/UE-TRP bistatic and TRP monostatic sensing), the evaluation scenarios defined in TR 38.901[3] can be reused for detection of the objects. 
[bookmark: _GoBack]For outdoor environment case, UMa(urban macrocell), UMi(urban microcell street canyon) and RMa(rural macrocell) scenario can be reused for detection of humans, automotive vehicles, hazardous objects on roads/railways, and possibly the automated guided vehicles e.g. in the port/harbor. For indoor environment case, indoor office and indoor factory scenario can be reused for detection of humans and automated guided vehicles in the indoor factories.
Proposal 1: For evaluation scenario of TRP-related monostatic and bistatic sensing, UMa, UMi, RMa, indoor office and indoor factory scenario defined in TR38.901 are reused for outdoor and indoor use case.
Second, for the evaluation of the monostatic and bistatic sensing that involves only UEs (i.e. UE-UE bistatic and UE monostatic sensing mode), the evaluation scenarios defined in TR 37.885[4] can be reused. There are two types of scenarios – urban grid and highway for SL communication. We believe the same scenarios can also be used for sensing evaluation.
Proposal 2: For evaluation scenario of UE-only-related monostatic and bistatic sensing, urban grid and highway for V2X defined in TR37.885 are reused.
Last, for the evaluation of the monostatic and bistatic sensing for detection of UAV, we can start with the study item report TR36.777 on the enhanced LTE support for aerial vehicles. The evaluation scenario includes UMi-AV (UMi for aerial vehicle), UMa-AV (UMa for aerial vehicle), RMa-AV (RMa for aerial vehicle) depending on the terrain configuration. We can start with this TR and modify the scenarios and the associated parameters for sensing operation, if needed.
Proposal 3: For UAV detection use case, UMi-AV, UMa-AV, RMa-AV defined in TR36.777 are the starting point of the evaluation scenarios.
3. Conclusions
In this contribution, the deployment scenarios for the ISAC channel modeling were discussed. The following observations and proposals were made as conclusions.
Observation 1: Bistatic sensing can provide almost same coverage as communication, whereas the monostatic sensing provides much smaller coverage than communication.
Observation 2: TRP-TRP bistatic sensing mode may suffer both significant pathloss due to the distance and limited service availability due to the absence of LOS to/from the object.
Observation 3: UE-UE bistatic or UE monotstatic sensing mode are the only sensing modes that can provide the sensing service in the out-of-network-coverage area.
Observation 4: Sensing modes that involves TRP(s) may provide a larger sensing service area, compared to one that involves UE(s) only.
Observation 5: TRP-UE or UE-TRP bistatic sensing mode may have benefits in the perspective of both coverage and availability of the sensing service.
Observation 6: Monostatic sensing mode requires full duplex operation, which is not required in bistatic sensing mode.
Observation 7: For detection of UAV use case, TRP-TRP bistatic sensing mode can be deployed based on the observation that UAV can see a large number of TRPs, compared to UE on the ground.
Proposal 1: For evaluation scenario of TRP-related monostatic and bistatic sensing, UMa, UMi, RMa, indoor office and indoor factory scenario defined in TR38.901 are reused for outdoor and indoor use case.
Proposal 2: For evaluation scenario of UE-only-related monostatic and bistatic sensing, urban grid and highway for V2X defined in TR37.885 are reused.
Proposal 3: For UAV detection use case, UMi-AV, UMa-AV, RMa-AV defined in TR36.777 are the starting point of the evaluation scenarios.
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