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Introduction
In RAN#102 meeting, a new SID on channel modelling for Integrated Sensing and Communication (ISAC) for NR has been approved [1], in which the channel modelling methodology to address issues such as target modelling and background environment modelling  based on existing channel models in TR 38.901, and to further enable evaluations of representative sensing use cases, has been recommended for study.
The following objectives have been identified:
	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.


In this contribution, we provide our preliminary views on the deployment scenarios, operation frequency band, and sensing modes for ISAC.

[bookmark: _Ref31533076]Discussion
2.1 Deployment scenarios
In TR 22.8837, SA1 has identified a vast range of 32 use cases for ISAC. To limit the scope of the study item in RAN1, the target use case in the new approved SID has been focused on object detection and/or tracking, including detection and/or tracking the following example 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
In general, at least the following potential deployment scenarios for the 5 example objects can be identified:
Table 1: Summary of deployment scenarios for example objects
	Example objects
	Potential deployment scenarios

	UAVs
	Deployment scenarios for aerial vehicles in TR 36.777, incl. UMi-AV, UMa-AV, RMa-AV

	Human indoors and outdoors
	Indoor open office, UMi

	Automotive vehicles (at least outdoors)
	Deployment scenarios for V2X in TR 37.885, incl. Urban grid, Highway

	Automated guided vehicles (e.g. in indoor factories)
	Indoor factory

	Objects creating hazards on roads/railways
	Deployment scenarios for V2X in TR 37.885, incl. Urban grid, Highway; deployment scenarios for High-speed train in TR 38.802, incl. Dense urban, Rural, Urban macro.


Intuitively, we think that it is not realistic to include all the listed potential deployment scenarios for all 5 example objects in the study, due to the unexpected large workload introduced in channel modelling aspects, and in evaluations in the future. Therefore, we prefer to prioritize some example objects and the corresponding deployment scenarios at this stage.
Observation 1: Due to the unexpected large workload introduced in channel modelling aspects and in evaluations in the future, it is not realistic to include all the listed potential deployment scenarios for all 5 example objects in the study.
Based on our initial investigations from industries, there are some urgent requirements on enabling radio sensing functionality in UAV and V2X scenarios. Details can refer to the following sub-sections. From this perspective, we propose that at least example objects of UAVs, automotive vehicles, human and objects creating hazards on roads, should be prioritized. 
Proposal 1: Prioritization of example objects should be considered in the study item, and the following example objects are preferred:
· UAVs;
· [bookmark: _Hlk158106555]Automotive vehicles and humans for V2X;
· Objects creating hazards on roads.

2.1.1 UAV
The global drone or UAV market has expanded exponentially with the latest projections estimating market value of at least 22 billion US dollars by 2022, in which China has dedicated a major part in driving the market’s growth. In China, Shenzhen with a complete drone manufacturing supply chain, has become a magnet for businesses specializing in drone-assisted deliveries, transportation, and tourism, etc. To support the UAV enterprises, Shenzhen has issued a plan for a low-altitude economy to facilitate the development of upstream and downstream industries.
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Figure 1: A Meituan delivery drone.
With the rapid development of civil drones and UAV technology, the flight situation in low-altitude airspace is becoming more and more complicated. Effective and seamless surveillance and regulation of UAV operation based on 5G cellular networks have become emerging needs from civil aviation authority and local governments.
Observation 2: Effective and seamless surveillance and regulation of UAV operation based on 5G cellular networks have become emerging needs from civil aviation authority and local governments.
For the deployment scenarios of detecting or tracking UAVs, we believe that that defined in TR 36.777 can be used as a starting point [2]. Considering typical applications of UAV, UMi-AV, UMa-AV or RMa-AV are all reasonable deployment scenarios. The main differences are the inter-site distance (ISD) and operating bands. For convenience, the assumptions on cell layout and carrier frequency for the three deployment scenarios are recapped in the following table.
Table 2: Deployment scenario assumptions for UAV in TR 36.777.
	
	UMi-AV
	UMa-AV
	RMa-AV

	Cell layout
	-	Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m)
-	Hexagonal grid, 37 micro sites, 3 sectors per site (ISD = 200m)
-	Hexagonal grids with more than 37 micro sites and 3 sectors per site (ISD = 200m) are not precluded
	-	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)
-	Hexagonal grid, 37 macro sites, 3 sectors per site (ISD = 500m)
	-	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 1732m; optionally ISD = 5000m)
-	Hexagonal grid, 37 macro sites, 3 sectors per site (ISD = 1732m)

	BS antenna height 
	10m
	25m
	35m

	Carrier frequency
	2GHz
	2 GHz
	700 MHz; optionally 800 MHz


In our views, using sub-6 GHz for sensing has incomparable advantages from the perspective of industrial development, please refer to Section 2.2 for more discussion. One significant advantage is that sub-6 GHz sensing network can provide much larger sensing coverage due to the low pathloss when compared to higher frequency bands. To be specific, based on some initial tests of our sub-6 GHz ISAC prototype, the results have demonstrated that the sensing coverage of UAVs can be up to several thousand meters with the cooperation of two base stations. From this perspective, we think that deployment scenario of UMa can be prioritized, where UMa-AV deployment scenario in TR 36.777 can be used as a starting point with further discussion on parameters such as the ISD and carrier frequency.
Observation 3: For detecting or tracking UAVs, using sub-6 GHz network can provide much larger sensing coverage due to the low pathloss when compared to higher frequency bands. A larger ISD can be considered for the deployment scenario of UAV.
Proposal 2: For detecting or tracking UAVs, the deployment scenario of UMa should be prioritized. 
· Use UMa-AV deployment scenario in TR 36.777 as a starting point. Further study on parameters including the ISD, carrier frequency, etc.
In addition, we further provide requirements on detecting or tracking of UAVs, which are collected from our industry consumers, as summarized in Table 3.
Table 3: Requirements on detection or tracking of UAVs.
	
	UAV intruder detection
	UAV trajectory tracking

	RCS
	0.01~2

	Availability (%)
	95

	Drone height
	Above BS height ~ 300 (baseline)
Above BS height ~ 600 (optional)

	Sensing coverage (m)
	1200
	600

	Positioning accuracy (m)
	20
	5~10

	Distance resolution (m)
	10

	Velocity range (km/h)
	5~100

	Velocity resolution (m/s)
	5

	Angle accuracy (m)
	1°
	0.6°

	Sensing latency (ms)
	<= 1000

	Refresh rate (s)
	1

	Miss detection probability (%)
	5

	False alarm probability (%)
	5


In the future stage to evaluate the sensing performance for detection or tracking of UAVs, the above requirements can be considered as baseline design targets.
Proposal 3: Consider the requirements on detection or tracking of UAVs in Table 3 as baseline design targets in future evaluations.

2.1.2 V2X
To support smart transportation and autonomous driving, more vehicle and devices are equipped with sensing technologies. For example, cameras, Radar, and Lidar systems are the most used sensors by the automotive industry to maintain the sensing for autonomous vehicles at various levels of autonomy. Limited by the sensing range of the on-board sensors, a single vehicle's sensors cannot be sufficient or accurate enough to satisfy the advanced automotive use cases. Therefore, the network facilitated NR based sensing for automotive vehicles detection and tracking is needed to help expand the sensing range and processing capability, solve the sensing problems of the on-board sensors in harsh environments and in blocking blind areas. 
Observation 4: Network facilitated NR based sensing for automotive vehicles detection and tracking is needed to help expand the sensing range and processing capability, solve the sensing problems of the on-board sensors in harsh environments and in blocking blind areas.
Typically, traffic accidents often happen at the crossroads for example the pedestrians suddenly rush to the road from the invisible place (e.g., behind the high buildings, behind the tall trees). The network facilitated NR based sensing can provide sensing information without blind points, and the detailed service flow can be found in 5.11 [3]. As shown in Fig. 2, we have some initial tests of vehicles and pedestrians based on ISAC prototype, especially for the case that pedestrian suddenly rushing to the road from a side path behind the high building. From this perspective, we think that sensing of human in V2X scenario can be prioritized.
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Figure 2: Sensing of vehicle and pedestrian.
Observation 5: Sensing of human in V2X scenario can be prioritised, especially for the case that pedestrian suddenly rushing to the road from the invisible place. 
Based on the initial tests of V2X scenario at sub-6 GHz and above 6 GHz, we found that the interference caused by clutter and jamming from strong reflective surfaces and from inter-target cases is serious in urban city. Sensing in urban city has several challenges on satisfying the sub-meter accuracy of positioning, 5% missed detection and 5% false alarm requirements. However, the interference of clutter and jamming at highway is weak, the scenario of V2X at highway can be prioritized at the first stage. Additionally, we have received demands from the highway management department that the major accidents caused by pedestrians or animals crossing highways occur frequently. Currently, the highway supervision systems are mainly based on traditional sensors (e.g. cameras) equipped in the roadside infrastructure, but it only has partial coverage along the roadside. The network facilitated NR based sensing can be used to sense the pedestrian/animal intrusion detection with wide area and seamless coverage. In TR 22.837 [3], the assumption of size and typical velocity of traffic participant is described in the Table 2, which can be used as a starting point.
Table 3: The size and typical velocity of traffic participant [3]
	
	Size
(Length x Width x Height)
	[bookmark: _MCCTEMPBM_CRPT81540021___4]Typical velocity

	Pedestrian
[bookmark: _MCCTEMPBM_CRPT81540022___4](Adult)
	0.5m x 0.5m x 1.75m
	[bookmark: _MCCTEMPBM_CRPT81540023___4]5km/h [9]

	Animal
[bookmark: _MCCTEMPBM_CRPT81540024___4](Sheep/deer)
	1.5m x 0.5m x 1 m
	[bookmark: _MCCTEMPBM_CRPT81540025___4]5km/h [9]

	[bookmark: _MCCTEMPBM_CRPT81540026___4]Vehicle
	4m x 1.75m x 1.5m
	[bookmark: _MCCTEMPBM_CRPT81540027___4]60km/h - 120km/h


Observation 6: The network facilitated NR based sensing can be used to sense the pedestrian/animal intrusion detection in highway with wide area and seamless coverage, and the assumption of size and typical velocity of traffic participant in Table 2 referenced from TR 22.837 can be used as a starting point.

For the deployment scenarios of V2X, we believe that that defined in TR 37.885 can be used as a starting point [4]. Considering typical applications of V2X, urban grid and highway are both reasonable deployment scenarios. For convenience, the assumptions for the deployment scenarios are recapped in the following table.
Table 4: Deployment scenario assumptions for V2X in TR 37.885 below 6 GHz [4]
	Parameters
	Urban grid for V2X
	Highway for V2X

	Layout
	Baseline: Macro only (with the road configuration in Figure 6.1.9-1 in [5] and BS placement as depicted in Figure A.1.3-1 in [6])
[image: ]           [image: ]
Figure 6.1.9-1 in [5]   Figure A.1.3-1 in [6]
	Baseline: Macro only (straight line BS placement with Road configuration in [6])


	Inter-BS distance
	Inter Macro: 500m
	Inter Macro: 1732m, 500m (optional) 

	BS antenna height
	Macro BS: 25m 
	Macro BS: 
35m for ISD 1732m
25m for ISD 500m


Proposal 4: For detecting or tracking of automotive vehicles, humans, and objects creating hazards on roads, the deployment scenario of Urban grid and highway should be prioritized. 
· Use deployment scenario in TR 37.885 as a starting point. Further study on parameters including the ISD, carrier frequency, etc.

In addition, we further provide requirements on detecting or tracking of automotive vehicles, humans, and objects creating hazards on roads, which are based on TR 22.837 and collected from our industry consumers, as summarized in Table 5.
Table 5: Requirements on detection or tracking of UAVs.
	
	Detecting or tracking of automotive vehicles and humans
	Objects creating hazards on roads

	Availability (%)
	95%
	95%

	Positioning accuracy (m)
	0.5m-1m
	1m-2m

	Distance resolution (m)
	0.5m-1.5m
	1.5m

	Velocity accuracy (m/s)
	0.5m/s-1m/s
	-

	Angle accuracy (m)
	0.2o
	-

	Sensing latency (ms)
	≤100ms
	≤5000ms

	Refresh rate (s)
	≤10Hz
	≤10Hz

	Miss detection probability (%)
	5%
	5%

	False alarm probability (%)
	5%
	5%


In the future stage to evaluate the sensing performance for detecting or tracking of automotive vehicles, humans, and objects creating hazards on roads, the above requirements can be considered as baseline design targets.
Proposal 5: Consider the requirements on detecting or tracking of automotive vehicles, humans, and objects creating hazards on roads in Table 5 as baseline design targets in future evaluations.

2.2 Operation frequency band
As millimeter-wave (mmWave) band provides abilities of more accurate estimation and lower interference levels, the mmWave ISAC prototypes have attracted more explorations. The test for sensing vehicles has achieved a lane-level positioning accuracy (the distance between the base station (BS) and the sensing target is less than 500 meters) with speed estimation accuracy less than 0.1 km/h. The test for sensing drones has achieved the capability of 1000-meter sensing coverage. 
On the other hand, due to the low path loss, the sub-6 GHz ISAC prototypes have been demonstrated to provide larger sensing coverage when compared to that for mmWave band. The test has been shown to detect and track drones up to 120 meters high and 2400 meters away with the cooperation of two BSs. The test has also demonstrated to localize and track ships with 20000-meter coverage of a single cell for offshore area defense. However, despite the advantage of larger coverage under sub-6 GHz, the gap in sensing performance is non-negligible.
Nevertheless, the sub-6 GHz sensing network has incomparable advantages from the perspective of industrial development. The sensing functionality at sub-6 GHz may be implemented on current BSs by software and hardware upgradation. Moreover, since there is none of mmWave spectrum for 5G-A and beyond networks in many countries/regions, sensing under sub-6 GHz is an exceptional incentive to promote the industrialization process of ISAC for 5G-A and beyond. 
Proposal 6: Study the ISAC channel modeling for both FR1 and FR2.

2.3 Sensing modes
Six modes have been discussed for ISAC, which could be classified into two categories based on whether the transmitter and receiver are physically co-located. From the aspect of channel modeling, a similar channel modeling mechanism could be used for both mono- and bi-static modes, such as modeling of sensing targets, including a transmitter to sensing target channel model, sensing target to receiver channel, RCS. However, different modes may have different channel parameters, such as height, antenna configuration of Tx and Rx, pathloss, LoS probability, K factor modification of different modes, etc.
[image: ]
Figure 3: Sensing modes.
Proposal 7: Both mono-static and bi-static modes can be considered for ISAC channel modeling.

Conclusions
In this contribution, we provide our views on ISAC deployment scenarios, and the following observations and proposals are made:
Observation 1: Due to the unexpected large workload introduced in channel modelling aspects and in evaluations in the future, it is not realistic to include all the listed potential deployment scenarios for all 5 example objects in the study.
Observation 2: Effective and seamless surveillance and regulation of UAV operation based on 5G cellular networks have become emerging needs from civil aviation authority and local governments.
Observation 3: For detecting or tracking UAVs, using sub-6 GHz network can provide much larger sensing coverage due to the low pathloss when compared to higher frequency bands. A larger ISD can be considered for the deployment scenario of UAV.
Observation 4: Network facilitated NR based sensing for automotive vehicles detection and tracking is needed to help expand the sensing range and processing capability, solve the sensing problems of the on-board sensors in harsh environments and in blocking blind areas.
Observation 5: Sensing of human in V2X scenario can be prioritised, especially for the case that pedestrian suddenly rushing to the road from the invisible place. 
Observation 6: The network facilitated NR based sensing can be used to sense the pedestrian/animal intrusion detection in highway with wide area and seamless coverage, and the assumption of size and typical velocity of traffic participant in Table 2 referenced from TR 22.837 can be used as a starting point.

Proposal 1: Prioritization of example objects should be considered in the study item, and the following example objects are preferred:
· UAVs;
· Automotive vehicles and humans for V2X;
· Objects creating hazards on roads.
Proposal 2: For detecting or tracking UAVs, the deployment scenario of UMa should be prioritized. 
· Use UMa-AV deployment scenario in TR 36.777 as a starting point. Further study on parameters including the ISD, carrier frequency, etc.
Proposal 3: Consider the requirements on detection or tracking of UAVs in Table 3 as baseline design targets in future evaluations.
Proposal 4: For detecting or tracking of automotive vehicles, humans, and objects creating hazards on roads, the deployment scenario of Urban grid and highway should be prioritized. 
· Use deployment scenario in TR 37.885 as a starting point. Further study on parameters including the ISD, carrier frequency, etc.
Proposal 5: Consider the requirements on detecting or tracking of automotive vehicles, humans, and objects creating hazards on roads in Table 5 as baseline design targets in future evaluations.
Proposal 6: Study the ISAC channel modeling for both FR1 and FR2.
Proposal 7: Both mono-static and bi-static modes can be considered for ISAC channel modeling.
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