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Abstract: This document is to propose a new use case of gesture recognition in smart home for FS_Sensing which is expected to be captured into TR22.837 
[bookmark: _Toc100743488][bookmark: _Toc100921159]******************** First Change *******************
[bookmark: _Toc113213320]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	W. Favoreel, "Pedestrian sensing for increased traffic safety and efficiency at signalized intersections," 2011 8th IEEE International Conference on Advanced Video and Signal Based Surveillance (AVSS), 2011, pp. 539-542, doi: 10.1109/AVSS.2011.6027406.
[3]	Advances in Wildlife Crossing Technologies: https://highways.dot.gov/public-roads/septoct-2009/advances-wildlife-crossing-technologies.
[4]	Protection Detection: Making Roads Safe for Drivers and Wildlife: https://onlinepubs.trb.org/onlinepubs/webinars/201118.pdf.
[5]	F. Liu et al., "Integrated Sensing and Communications: Towards Dual-functional Wireless Networks for 6G and Beyond," in IEEE Journal on Selected Areas in Communications, doi: 10.1109/JSAC.2022.3156632.
[6]	T. S. Rappaport, G. R. MacCartney, M. K. Samimi and S. Sun, "Wideband Millimeter-Wave Propagation Measurements and Channel Models for Future Wireless Communication System Design," in IEEE Transactions on Communications, vol. 63, no. 9, pp. 3029-3056, Sept. 2015, doi: 10.1109/TCOMM.2015.2434384.
[7]	C. Han, Y. Bi, S. Duan and G. Lu, "Rain Rate Retrieval Test From 25-GHz, 28-GHz, and 38-GHz Millimeter-Wave Link Measurement in Beijing," in IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, vol. 12, no. 8, pp. 2835-2847, Aug. 2019, doi: 10.1109/JSTARS.2019.2918507.
[8]	IEEE 802.11-18/0611r16: “Wireless LANs, WiFi Sensing Uses Cases”
[9]	TEM STANDARDS TEM STANDARDS AND RECOMMENDED PRACTICE: https://unece.org/fileadmin/DAM/trans/main/tem/temdocs/TEM-Std-Ed3.pdf
[10]	ETSI TS 103 300-2: "Intelligent Transport Systems (ITS); Vulnerable Road Users (VRU) awareness; Part 2: Functional Architecture and Requirements definition; Release 2".
[11]	3GPP TR 22.856, "Localized Mobile Metaverse Services".
[12]	3GPP TR 29.238, "Uplink Streaming".
[13]	“Velodyne™ LiDAR VPL-16 User Manual,” 63-9243 Rev. E, Velodyne™ LiDAR, https://velodynelidar.com/wp-content/uploads/2019/12/63-9243-Rev-E-VLP-16-User-Manual.pdf  <accessed 9.8.22>
[14] 		Liu, A., Huang, Z., Li, M., Wan, Y., Li, W., Han, T.X., Liu, C., Du, R., Tan, D.K.P., Lu, J. and Shen, Y., 2022. A survey on fundamental limits of integrated sensing and communication. IEEE Communications Surveys & Tutorials, 24(2), pp.994-1034.
[15] 		https://medium.com/desn325-emergentdesign/s-l-a-m-and-optical-tracking-for-xr-cfabb7dd536f
[16] 		Dwivedi, S., Shreevastav, R., Munier, F., Nygren, J., Siomina, I., Lyazidi, Y., Shrestha, D., Lindmark, G., Ernström, P., Stare, E. and Razavi, S.M., 2021. Positioning in 5G networks. IEEE Communications Magazine, 59(11), pp.38-44.
[17]	T. Murakami et al, “Wildlife Detection System Using Wireless LAN Signal,” in NTT Technical Review vol.17, No.6, pp. 45-48, June 20019, https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr201906fa13.pdf&mode=show_pdf
[18]	Eradication of elephant mortality and injury due to railway accidents through automatic tracking and alert system in IEEE Conference Publication, IEEE Xplore
[19]	Impact of wild animals (deer and bears) on train operations 210616_KO_Animal2.pdf (jrhokkaido.co.jp) (in Japanese) [z]	Rail Industry Safety Induction Handbook: https://railsafe.org.au/__data/assets/pdf_file/0009/32022/Rail-Industry-Safety-Induction-RISI-Handbook-V5.1.pdf
[20]	Rail Industry Safety Induction Handbook: https://railsafe.org.au/__data/assets/pdf_file/0009/32022/Rail-Industry-Safety-Induction-RISI-Handbook-V5.1.pdf
[21]	Society of Automotive Engineers (SAE), “Taxonomy and definition for terms related to Driving automation systems for on-Road Motor Vehicles”, https://www.sae.org/standards/content/j3016_202104/
[22]	Census of Fatal Occupational Injuries Summary, 2020   https://www.bls.gov/news.release/cfoi.nr0.htm
[23]	Javed MA, Muram FU, Hansson H, Punnekkat S, Thane H. Towards dynamic safety assurance for Industry 4.0. Journal of Systems Architecture. 2021 Mar 1; 114:101914.

[24]	American National Standards Institute/Industrial Truck Safety Development Foundation, Safety standard for driverless, automatic guided industrial vehicles and automated functions of manned industrial vehicles, December 2019, 2019, [Online] http://www.itsdf.org.
[25]	Moore, Erik George, "Radar Detection, Tracking and Identification for UAV Sense and Avoid Applications" (2019). Electronic Theses and Dissertations. 1544.
[26] 	I. Sobron, I. Landa, I. Eizmendi and M. Velez, "Adaptive TOA Estimation with Imperfect LOS and NLOS Knowledge in UWB Positioning Systems," 2020 IEEE SENSORS, 2020, pp. 1-4. available at: https://sci-hub.wf/10.1109/sensors47125.2020.9278589
[27] 	L. Wang, Z. Zhang, X. Di and J. Tian, "A Roadside Camera-Radar Sensing Fusion System for Intelligent Transportation," 2020 17th European Radar Conference (EuRAD), 2021, pp. 282-285.
[28]	5GAA_White_Paper_C-V2X Use Cases Volume II: Examples and Service Level Requirements
[29]	Moore, Erik George, "Radar Detection, Tracking and Identification for U AV Sense and Avoid Applications" (2019). Electronic Theses and Dissertations. 1544.
[30]	Moore, Erik George, "Radar Detection, Tracking and Identification for U AV Sense and Avoid Applications" (2019). Electronic Theses and Dissertations. 1544
[31]	X. Liu, J. Cao, S. Tang and J. Wen, "Wi-Sleep: Contactless Sleep Monitoring via WiFi Signals," 2014 IEEE Real-Time Systems Symposium, 2014, pp. 346-355, doi: 10.1109/RTSS.2014.30.	
[32]	Chen V C. The micro-Doppler effect in radar. Artech house, 2019.
[33]	3GPP TS 22.261: “Service requirements for the 5G system”.
[34]	A. Chebrolu, "FallWatch: A Novel Approach for Through-Wall Fall Detection in Real-Time for the Elderly Using Artificial Intelligence", 2021 Third International Conference on Transdisciplinary AI (TransAI), 2021, pp. 57-63, doi: 10.1109/TransAI51903.2021.00018, https://ieeexplore.ieee.org/document/9565618
[35]	B. A. Alsaify et al., “A CSI-Based Multi-Environment Human Activity Recognition Framework” Applied Sciences 12, no. 2: 930, 2022. https://doi.org/10.3390/app12020930
[36]	U. Saeed U et al., "Discrete Human Activity Recognition and Fall Detection by Combining FMCW RADAR Data of Heterogeneous Environments for Independent Assistive Living", Electronics 10(18):2237, 2021. https://doi.org/10.3390/electronics10182237
[37]	C. Dou, H. Huan, "Full Respiration Rate Monitoring Exploiting Doppler Information with Commodity Wi-Fi Devices". Sensors 21, 3505, 2021. https://doi.org/10.3390/s21103505
[38]	J. Pu, H. Zhang, "RF-Heartbeat: Robust and Contactless Heartbeat Monitoring Based on FMCW Radar", 2021. TechRxiv Preprint. https://doi.org/10.36227/techrxiv.15021645.v2
[xy]	Mitra, Sushmita, and Tinku Acharya. "Gesture recognition: A survey." IEEE Transactions on Systems, Man, and Cybernetics, Part C (Applications and Reviews) 37, no. 3 (2007): 311-324. https://doi.org/10.1109/TSMCC.2007.893280



*********** Second Change (All new text) ***********
[bookmark: _Toc104210763][bookmark: _Toc91258890]5	Use cases
[bookmark: _Toc104210764][bookmark: OLE_LINK1][bookmark: OLE_LINK2]5.x	Use case of on gesture recognition in smart home
[bookmark: _Toc100743490][bookmark: _Toc104210765]5.x.1	Description
Nowadays, various 5G UEs, e.g. wearable device, sensor, smart phone and customer premise equipment (CPE), are deployed at home, and various devices are connected via wireless signals. In addition to communication purposes, these wireless signal resources can also be used for 5G wireless sensing, which would provide more opportunities for 5G vertical applications and benefit the development of smart home.
Gesture recognition describes the case that when a user makes a certain gesture, the application can automatically recognize and respond to the gesture, which is one kind of important technology in the human-machine interaction in smart home, smart wearable devices, intelligent vehicle, and VR/AR [xy]. Compared with camera-based or Lidar-based solutions, gesture recognition based on 5G wireless sensing has more advantages on user privacy and equipment cost, since it doesn’t need to set up additional specific devices and can avoid exposing personal privacy.
For 5G wireless sensing-based gesture recognition in smart home scenario, due to the movements of the human body in different range levels, e.g., full body, hand, even the finger, the reflected signal of the NR RF signal would change over time, therefore the sensing information can be obtained by the signal changes measured at UE or network. Furthermore, the UE, 5G core network or the 3rd party application can learn the matching relationship between users’ behaviors (e.g., movement) and the affected signal changes over time, so as to obtain the recognition ability of different gestures. This technology can aid to improve user experience in smart home, for example, as shown in the following figure 5.x.1-1, based on the 5G wireless sensing, user can use pre-defined gestures to control the lighting of home.
[image: ]
Fig. 5.x.1-1 An example on controlling the lighting by gesture recognition based on wireless sensing

[bookmark: _Toc100743491][bookmark: _Toc104210766]5.x.2	Pre-conditions
Alice set up one or more 5G CPEs (or indoor small base stations) at home which support sensing functionalities, at the same time there are other 5G UEs such as wearable device and smart phone can also support (partial) sensing functionalities.
[bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103][bookmark: _Toc100743492][bookmark: _Toc104210767]5.x.3	Service Flows
[bookmark: OLE_LINK24]Alice enables the sensing service on gesture recognition at her smart phone when she returns home. 
When 5G system detects that Alice comes into the living room determined based on her smart phone carred by Alice or based on the presence detected by wireless sensing, Alice’s CPE (or indoor small base station) in this room is activated to perform gesture recognition service. 
Optionally, the other 5G UEs in the current room, e.g., wearable device, smart phone, can also be involved and coordinated to perform the gesture recognition service together. In this case, the CPE (or indoor small base station) discovers the other 5G UEs in the current room which could assist the sensing service as a secondary device.  
In order to perform sensing service on gesture recognition, the roles of Alice’s CPE (or indoor small base station), as well as the optional other 5G UEs in the current room, are determined as the transmitter and/or receiver respectively. The transmitter starts to transmit NR RF signal for sensing based on the request or periodically. And the receiver performs sensing measurement of the sensing signal to obtain the sensing measurement data. 
Alice would like to turn the lights a bit bright, therefore make a certain gesture in the room. The sensing measurement data which captures some characteristics of the gesture is measured at Alice’s CPE or other 5G UEs in the current room. By analyzing the changes in the sensing measurement data, Alice’s behavior is classified into one type of gesture, i.e., the gesture for turning lights bright, thus this gesture is recognized.  The indication that this gesture has occurred is taken as the sensing results and exposed to 3rd party application server on gesture recognition.
The 3rd party application server controls and turns the lights bright according to the sensing results.

[bookmark: _Toc355779207][bookmark: _Toc354586745][bookmark: _Toc354590104][bookmark: _Toc100743493][bookmark: _Toc104210768]5.x.4	Post-conditions
Thanks to the sensing service provided by 5G UE and network, Alice could turn the room’s lights bright using a gesture.

[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106][bookmark: _Toc100743494][bookmark: _Toc104210769]5.x.5	Existing features partly or fully covering the use case functionality
None.

[bookmark: _Toc100743495][bookmark: _Toc104210770]5.x.6	Potential New Requirements needed to support the use case

[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK17][P.R.5.x.6-1] The 5G system shall provide a mechanism to perform activate the sensing measurement process on demand based on conditions, e.g., performing sensing based on  UE locationthe presence of a sensing target, to avoid unnecessary power consumption. 
[bookmark: _Hlk103851378][P.R.5.x.6-2] The 5G system shall provide a mechanism to activate to perform finer sensing operation, e.g., the gesture recognition, based on the sensing results of coarse sensing measurement, e.g., the presence of humanbody.
[P.R.5.x.6-3] The 5G system shall support mechanism to perform the sensing measurement process dynamically to fulfil different sensing requirements as required by a trusted third party.
[P.R.5.x.6-42] The 5G system shall be able to provide the sensing service with following KPIs:
Table 5.x.6-1:	Performance requirements of sensing results for gesture recognition in smart home
	Scenario
	Sensing service area
	Confidence level [%]
	Accuracy of positioning estimate by sensing (for a target confidence level)
	Accuracy of velocity estimate by sensing (for a target confidence level)
	Sensing resolution
	Max sensing service latency [ms]
	Refreshing rate [s]
	Missed detection [%]
	False alarm [%]

	
	
	
	Horizontal
[m]
	Vertical
[m]
	Horizontal
[m/s]
	Vertical
[m/s]
	Range resolution 
[m]
	Velocity resolution (horizontal/ vertical)
[m/s x m/s]
	
	
	
	

	Gesture recongnition
	Indoor
	95%N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	< 100 ms
	< 100 500 ms
	< 5%
	< 2%

	NOTE:	The terms in Table 5.x.6-1 are found in Section 3.1.
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