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1 Introduction

The number of mobile devices requiring sensing the surrounding enviroment are increasing rapidly, and using 3GPP radio techniques for the recoginition of the surrounding enviroment/objects of the device would improve the user experience in various aspects (e.g. proximity detection, 3D map, auto-pilot, gesture control and user/object recognition). In this contribution, we provide our understandings on the use cases and the technical facilitation of wireless sensing in NR.
2 Discussion  
2.1 Use case for wireless sensing
Nowadays mobile devices (e.g. smart car, mobile phone, robots and industrial machines) are requiring awareness of their environments including object detection, particularly when the target object only reflects the signal sent by the signal transmitter. In this contribution, we list a few uses cases and the expected detection requirements for the wireless sensing technique in NR as follows：
Table 1: Use cases of wireless sensing
	Use case description
	Illustration
	Detecting range
	Range resolution
	Detecting angle (degree)
	Maximum speed (km/h)

	Case 1:
Auto-pilot
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[3]
	Few dm to 100+ m
	Few dm
	5 to 160 [2]
	180

	Case 2: 
3D map creation
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[3]
	Few dm to 100+ m
	Few dm
	5 to 160 [2]
	None

	Case 3: 
Object detection, recognition (hands), motion tracking for mobile phone
	[image: image3.jpg]



	Few cm to Few dm
	Few cm
	Few degree to tens of degree
	None

	Case 4: 
Proximity detection of human user
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	Few dm to few m
	Few dm
	Few degree to tens of degree
	Few

	Case 5: 
Mopping robots
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[4]
	Few cm to few m
	Few dm
	Few degree to tens of degree
	Few

	Case 6: 
Face recognition
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[5]
	Few cm to Few dm
	Few mm
	Few degree to tens of degree
	None

	Case 7:

Intruder detection
	[image: image7.jpg]



	Few m to 10+ m
	Few m
	tens of degree
	Few


As more smart mobile devices are designed to interact and coexist with their environment and are pouring to the market, the number the smart mobile devices equipped with an environment/object detection technique is expected to boom in the near future.
Observation 1: The number of mobile devices requiring the detection of the surrounding environment and objects not supporting 5G-NR radio will increase tremendously in the near future.
2.2 Wireless sensing
In general, we could have the following two solutions to detect the environment:

· Solution 1 (TOF, Time of Flight): The receiver uses the over-the-air transmission time of the signal to calculate the distance between the receiver and the reflective object.
· Solution 2 (PAC, Phase and Amplitude Change): The receiver uses the changing history of the signal’s phase and amplitude to estimate the moving pattern of the detected object.
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Figure 1: Information obtained from the echo signal

For TOF, by comparing the transmitting signal and the echo signal, the receiver is able to obtain the following relative information (as shown in Figure 1) from the reflective object:

· Range: the relative distance between the transmitter and the target.

· Elevation Angle: the angle of the vertical plane

· Azimuth Angle: the angle of the horizontal plane

· Speed: the relative moving speed between the transmitter and the target

The elevation/azimuth angle for the vertical plane or the horizontal plane can be calculated based on the AoA (Angle of Arrival) which is the angle of the reflected signal [1].

For PAC, by recording the changing history (i.e. phase and amplitude) of the received signal, the receiver can use an AI system to map the PAC to a specific motion pattern (e.g. walking/running human-being, approaching vehicle and specific gestures). Compared with TOF, PAC is not able to provide the accurate location of the reflective object.
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Figure 2: Radio Recognition

From our understanding, the radio recognition technique could include the following three mode:

· Sensing Mode 1: The receiver and the transmitter of the echo signal is at the same transceiver using TOF.
· Sensing Mode 2: The receiver receives the echo signal from another transmitter using TOF.

· Sensing Mode 3: The receiver receives the signal from the transmitter using PAC.
Different radio recognition modes can be deployed for different use cases. For example, the sensing mode 1 can be used to detect the object (e.g. gesture control and face recognition) surrounding the transceiver. The sensing mode 2/3 can be used to detect a more deterministic object (e.g. intruder detection and 3D map construction) which is located between the transmitter and receiver. Regarding the implementation complexity, mode 1 requires better isolation between the transmitting signal and the receiving signal. Mode 2 requires the receiver to obtain more information (e.g. transmitting time and the AOD (Angle of Departure)) of the transmitting signal from the transmitter, which may require tighter synchronization between the transmitter and the receiver. Although mode 3 does not require much change in the RF module, it can only be used in some limited cases (e.g. which does not require the accurate distance/location information of the reflective object). 
Table 2: Examples of detection range for sensing mode 1

	Freq
	BW
	2*d
	PL
	Refsens
	Output power

	1.8GHz

Band n3
	10 MHz
	10m
	54.5+1
	-93.8
	-38.3dBm

	
	
	20m
	59.6+1
	
	-33.2dBm

	
	
	50m
	66.3+1
	
	-26.5dBm

	
	
	100m
	71.4+1
	
	-21.4dBm

	
	
	200m
	76.5+1
	
	-16.3dBm

	3.6GHz

Band n77
	10MHz
	10m
	60.8+1
	-95.3
	-33.5dBm

	
	
	20m
	65.9+1
	
	-28.4dBm

	
	
	50m
	72.6+1
	
	-21.7dBm

	
	
	100m
	77.7+1
	
	-16.6dBm

	
	
	200m
	82.8+1
	
	-11.5dBm


For Sensing Mode 1, the detection range which is calculated based on the REFSENS (Reference Sensitivity) requirements of the 5G UE receiver and the 5G channel model is given in the above table. As the output power for the expected detection range is small, the isolation requirement between the transmitter and receiver is not restricted. Some reference RF designs for Sensing Mode 1 by modifying the 5G RF module can be found in the Annex 1.

2.3 NR Technical facilitation for Wireless sensing
With the evolution of the 5G NR, many radio techniques of NR have the potentials to improve the accuracy/resolution of the wireless sensing technology. The wider bandwidth (e.g. up to 400 MHz for FR2) can provide a better distance resolution. The increased number of antennas/beams and the higher frequency (e.g. targeting at up-to 71 GHz [6]) can improve the AoA accuracy. The higher SCS (e.g. targeting at up-to 960 kHz) and the flexible UL/DL configuration can enable the insertion of the wireless sensing signal in the NR radio.
Observation 2: The NR techniques paving the way to the wireless sensing include:

· Massive MIMO

· Higher frequency band (e.g. up to 71 GHz)

· Wider bandwidth (up to 400 MHz for single carrier)

· Higher SCS (up to 960 kHz)

· Flexible UL/DL configuration
As the RF module of the mobile device can be reused for the wireless sensing technique (depending on the signal/waveform selected for the reflecting signal), the mobile device can re-use the same RF module for both the data communication and the environment recognition, which can save the cost and the internal implementation space of the UE, and the radio signal used for the environment recognition could also be used for other purposes (e.g. channel estimation and RRM measurement) at the same time. On the other hand, in order to improve the accuracy/resolution of the wireless sensing, the UE would also be encouraged to implement more advanced RF modules (e.g. more antennas/beams), which would in-turn bring better transmission performance (e.g. higher data rate and better coverage) for data communication.

Observation 3: The RF module for the data communication purpose can be reused for the wireless sensing.

Observation 4: The evolution of either the data communication technique or the wireless sensing technique brings more advance radio technologies, which benefits both the data communication technique and the wireless sensing technique.
2.4 Simulation results
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Figure 3: Detection of four objects in (relative) velocity and range
Table 3: Detected object in velocity and range

	Object
	Range (m)
	Velocity (m/s)

	A
	140
	-30

	B
	140
	30

	C
	40
	-30

	D
	40
	30


According to the simulation parameters given in Annex 2, the simulation results given above present the detection performance in velocity and range for four objects, while using sensing mode 1 and OFDM symbol.
Observation 5: It is feasible to use the OFDM symbol for wireless sensing.

According to the uses cases, the NR techniques and the simulation explained above, we consider that 3GPP RAN should start studying the wireless sensing technique in Rel-18.

Proposal: RAN is kindly requested to start a RAN-level study on wireless sensing in Rel-18.

3 Conclusion 

With the increasing number of various devices (e.g. smart car, mobile phone, robots and smart alarm) and the increasing interest of customers on the environment detection, the market for the wireless sensing via 3GPP NR is more promising than before, as many UE vendors are providing and designing more advanced mobile devices equipped with the technique of detecting the surrounding environment/objects. Studying the wireless sensing technique in Rel-18 would help the UE vendors to reuse the RF module of data communication for the environment detection and provide better user experience to their customers.

Observation 1: The number of mobile devices requiring the detection of the surrounding environment and objects will increase tremendously in the near future.
Observation 2: The NR techniques paving the way to the wireless sensing include:

· Massive MIMO

· Higher frequency band (e.g. up to 71 GHz)

· Wider bandwidth (up to 400 MHz for single carrier)

· Higher SCS (up to 960 kHz)

· Flexible UL/DL configuration

Observation 3: The RF module for the data communication purpose can be reused for the wireless sensing.

Observation 4: The evolution of either the data communication technique or the wireless sensing technique brings more advance radio technologies, which benefits both the data communication technique and the wireless sensing technique.
Observation 5: It is feasible to use the OFDM symbol for wireless sensing.
Proposal: RAN is kindly requested to start a RAN-level study on wireless sensing in Rel-18.
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5 Annex 1: Examples of RF module
The followings are the reference RF design for wireless sensing Mode 1.
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Figure 4: FR1 reference RF module with separate antenna
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Figure 5: FR1 reference RF module with shared antenna
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Figure 6: FR2 reference RF module with separate antenna
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Figure 7: FR2 reference RF module with shared antenna
6 Annex 2: Simulation
	Parameters
	Value

	Carrier frequency (
[image: image15.wmf]c

f

)
	24GHz

	Number of sub-carrier (
[image: image16.wmf]N

)
	1024

	Number of OFDM symbol (
[image: image17.wmf]f

N

)
	256

	Bandwidth (
[image: image18.wmf]B

)
	93.1MHz

	Sub-carrier spacing (
[image: image19.wmf]f

D

)
	90.909kHz

	Range accuracy (
[image: image20.wmf]r

D

)
	1.61m

	Velocity accuracy (
[image: image21.wmf]v

D

)
	1.97m/s

	Maximum range
	1650m

	Maximum velocity
	±253m/s
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