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1	Introduction
 In this contribution, we’d like to discuss the how to locating AIoT device based on the following information and objective in the SID [1].· RAN3-led:
· Identify necessary impacts on signaling and procedures for CN-RAN interface, to enable:
· Paging  
· Device context management
· Data transport
· Identify RAN architecture aspects, including whether support for split architecture is necessary.
· Identify potential solutions for locating an Ambient IoT device with no specification impact, e.g. reusing existing user location report, or minimal specification impact to convey location information to core network.

2.	Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).


According to some previous discussions, studies in RAN and SA, it’s not clear either AIoT device positioning or location information is to be studied in R19. In this paper, we’d like to clarify the difference between device positioning and location information, provide solutions to support location information and device positioning.  
2	Discussion
Clarification on the locating an AIoT device
And according to the TR 38.848 [2] as below, there’re many use cases related to AIoT positioning.
	rUC
	Applicable SA1 UCs / traffic scenarios

	rUC1: Indoor inventory
	5.1 Automated warehousing
5.2 Medical instruments inventory management and positioning
5.4 Non-Public Network for logistics
5.5 Automobile manufacturing
5.7 Airport terminal / shipping port
5.15 Smart laundry
5.16 Automated supply chain distribution
5.18 Fresh food supply chain
5.27 End-to-end logistics
6.1 Flower auction
6.3 Electronic shelf label

	rUC2: Indoor sensor
	5.6 Smart homes
5.13 Base station machine room environmental supervision
5.15 Smart laundry
5.20 Smart agriculture
5.23 Smart pig farm
6.2 Cow stable

	rUC3: Indoor positioning
	5.8 Finding Remote Lost Item
5.9 Location service
5.10 Ranging in a home
5.12 Personal belongings finding
5.14 Positioning in shopping centre
5.21 Museum Guide

	rUC4: Indoor command
	5.11 Online modification of medical instruments status
5.17 Device activation and deactivation
5.26 Elderly Health Care
5.29 Device Permanent Deactivation
6.3 Electronic shelf label

	rUC5: Outdoor inventory
	5.2 Medical instruments inventory management and positioning
5.4 Non-public network for logistics
5.7 Airport terminal / shipping port
5.16 Automated supply chain distribution

	rUC6: Outdoor sensor
	5.3 Smart grids
5.19 Forest Fire Monitoring
5.22 Dairy farming
5.24 Smart manhole cover safety monitoring
5.25 Smart bridge health monitoring

	rUC7: Outdoor positioning
	5.8 Finding remote lost item
5.9 Location service
5.12 Personal belongings finding

	rUC8: Outdoor command
	5.11 Online modification of medical instruments status
5.17 Device activation and deactivation
5.26 Elderly Health Care
5.30 Controller in smart agriculture



In addition, based on the Preliminary feasibility assessment in TR 38.848 [2] below, AIoT device positioning has similar complexity level as RFID localization, AIoT device positioning achieving 2-3 m accuracy seems feasible according to the RFID localization.[bookmark: _Toc145960178]6.1.7	Positioning accuracy
Feasibility assessment for this aspect has been reported by reference to technologies of a similar complexity level, such as UHF RFID achieving 2-3 m accuracy in [27], [28], [29] indoors, and ultra-narrow IoT achieving from several tens to 100 or 150 m in [30], [31], [32] outdoors. It is also observed that Device A and B need to have a carrier wave source in an appropriate distance to be able to transmit signals for positioning. 


Moreover, the positioning support is also included in the required RAN functionality in Table 6.2-1 in [2].
Table 6.2-1: Required RAN functionality set #1: for supporting RAN design target[2]
	Design target
	Functionality

	Device power and complexity
	-	Ultra-low power transceiver / Device architecture 
-	Transmitting based on backscattering (including carrier wave provision for backscattering) for Device A and Device B
-	Low-complexity waveform / modulation / coding / signal / channel / synchronization scheme, if applicable to Device, robust to frequency error and timing error
-	Compact protocol stack and lightweight signaling procedure

	Coverage
	-	Techniques for the required coverage with low device complexity (e.g., forward error correction, enough receiver sensitivity and transmitted power, reflection gain enhancement), if applicable and needed to the Device type

	User experienced data rate
	-	Compact protocol stack and lightweight signaling procedure
-	Potential schemes as applicable, such as, e.g. flexible modulation/code rate, resource allocation, multiple access methods

	Maximum message size
	-	Compact protocol stack and lightweight signaling procedure
-	Signal/channel design which can deliver the maximum message size

	Latency
	-	Access mechanisms and signaling procedures which allow meeting the latency target

	Positioning support
	-	Positioning method(s) applicable to the connectivity topologies for the required positioning accuracy for Ambient IoT device

	Connection density
	-	Efficient multiple access methods and contention handling 
-	Ability to control the operation for one or more of the Ambient IoT devices, within the applicable area, including e.g. the selection of devices

	Moving speed of device
	-	Physical layer design (low-order modulation, reference signal etc. and others) robust to the appropriate ranges of moving speeds



In the context of the RAN/SA studies and discussions, there are two distinct interpretations of the objective related to locating AIoT device:
Coordinates-Level Positioning: aims to provide precise device location using positioning methods, similar UE positioning.
Cell/TA-Level Location Information: the objective can be understood as providing location information for AIoT devices at the cell or tracking area (TA) level, akin to UE location information.
Similar to locating a UE, we think both interpretations should be considered and supported. While the latter interpretation may have less discussion and specification impacts, it may not fully meet the requirements of positioning-related use cases in RAN/SA studies. To start with a simple one, the Cell/TA-Level Location Information can be supported and discussed first and then discuss the Coordinates-Level Positioning.
Observation 1, there’re different understandings of locating a device, one is providing the coordinates of the device by positioning methods, another is providing cell/TA level information of the device.
Proposal 1, RAN3 clarify the understanding of the locating an AIoT device. 
Proposal 2, it’s suggested to discuss Cell/TA-Level Location Information of an AIoT device first and then support the Coordinates-Level Positioning of an AIoT device if the TU allows.

Cell/TA-Level Location Information
In topology 1, to provide the cell/TA level location information, one straightforward way is to refer UE location information, when there’s UL AIoT device info needs to be transferred, the device location information can be included in the message, and the device location can include the cell ID and TAI, the existing user location information can be re-used, the procedure can be as shown in figure 1:


Figure 1  device location info in T1
In topology 2, if NAS is used between AIoT AMF and UE (reader), the UE can include its location information in the NAS message, then there will be no RAN3 impacts.


Figure 2 device location info in T1
Proposal 3: for Topology 1, if device related information is included in the NGAP message, the device location information can be optionally included in this NGAP message. The user location information can be reused for this purpose.
Observation 2, in Topology 2, UE can include its location info in the NAS message when transferring the AIoT device info, which seems have no RAN3 impacts, but which signalling is used is pending to other WGs.
Proposal 4: for Topology 2, how to include the device location information is pending to other WGs.

Coordinates-Level Positioning
According to the Preliminary feasibility assessment in TR 38.848 [2], the positioning mechanism of UHF RFID can be referred for positioning an AIoT device. 6.1.7	Positioning accuracy
Feasibility assessment for this aspect has been reported by reference to technologies of a similar complexity level, such as UHF RFID achieving 2-3 m accuracy in [27], [28], [29] indoors, and ultra-narrow IoT achieving from several tens to 100 or 150 m in [30], [31], [32] outdoors. It is also observed that Device A and B need to have a carrier wave source in an appropriate distance to be able to transmit signals for positioning. 



According to the “Review on UHF RFID Localization Methods” in [4], range-based and range-free can be used for RFID localization method, the following are the details of range-based localization method, which are widely used both in RFID and 3GPP UE positioning:
Range-based methods can be broadly classified into two categories: distance measurement and angle measurement, which both locate the tag based on the geometry characteristic of reader antennas and tags. The difference is that distance measurement methods solve the target position by the distance or the distance difference. However, angle measurement methods constitute equations with the angles between antennas and tags.
A. Distance Measurement
Distance measurement methods obtain the distance between the reader and the tag (tag-to-reader distance) by measuring the physical metrics of the RF signal, including RSSI, TOA, TDOA, POA, etc. Furthermore, the target location can be estimated by trilateration or multi-lateration.
B. Angle Measurement
Classical algorithms for direction of arrival (DOA) estimation is multiple signal classification (MUSIC) [40] and the estimation of signal parameters via rotational invariance techniques (ESPRIT) [41]. Reference [42] proposed a method based on subspace decomposition. The ESPRIT is used to estimate the direction of departure (DOD), and Root-MUSIC is for DOA. Five DOA estimation methods were analyzed and compared in [43], which can be derived from maximum likelihood (ML) principle. Within them, method of direction 2 (MODE-2) is statistically efficient and needs less computing. Except for the estimation methods based on antenna array [44]–​[46], SD-PDOA can estimate the bearing of the tag utilizing the phase received by several reader antennas. Zhou et al. proposed a two-dimension localization method using the phase difference to calculate AOA [47].
And below is the example of RFID localization by using TDOA in [4]
[image: Fig. 4. - Schematic diagram of TDOA.]
In 3GPP UE positioning, the following methods are supported in TS 38.305[3], based on the above reference info of RFID localization, the existing TDOA and AoA methods can be used for AIoT device positioning.
	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	SUPL Note 8

	A-GNSS
	Yes
	Yes
	No
	Yes

	OTDOA Note1, Note 2
	No
	Yes
	No
	Yes

	E-CID Note 4, Note 7 
	No
	Yes
	Yes
	Yes for E-UTRA

	Sensor
	Yes
	Yes
	No
	No

	WLAN
	Yes
	Yes
	No
	Yes 

	BluetoothNote 9
	Yes
	Yes
	No
	No

	TBS Note 5
	Yes
	Yes
	No
	Yes (MBS)

	DL-TDOA
	Yes
	Yes
	No
	Yes

	DL-AoD
	Yes
	Yes
	No
	Yes

	Multi-RTT
	No
	Yes
	Yes
	Yes

	NR E-CID 
	No
	Yes
	Yes
	Yes (DL NR E-CID)

	UL-TDOA
	No
	No
	Yes
	Yes

	UL-AoA
	No
	No
	Yes
	Yes



Based on the above info, utilizing existing 3GPP positioning methods appears viable for AIoT device positioning. Given the signal processing constraints in AIoT devices, UL positioning is well-suited for device positioning. In this approach, the device simply backscatters a continuous wave (CW) signal, which nearby readers receive and measure. These measurements are then transferred to the LMF, allowing it to calculate the device’s location, just the same as UE positioning procedures. The existing UL positioning procedures can be used with a simplified version, as shown in figure 3.


Figure 3 AIoT device positioning
In step 1, the 5GC (e.g. LMF) sends the Positioning Information Request message to the configuring reader (i.e. UE or gNB) to configuring UL transmission for the AIoT device.
[bookmark: _GoBack]In step 2, the configuring reader responds with the Positioning Information Response message to the 5GC.
In step 3, the 5GC (e.g. LMF) sends the Measurement Request message to the receiving readers (i.e. UE or gNB) to measure the UL signal from the target AIoT device.
In step 3, the receiving readers (i.e. UE or gNB) sends the Measurement Response message to the 5GC (e.g. LMF), along with the measurement results, and then the 5GC (e.g. LMF) can calculates the coordinates of the target AIoT device.
Observation 3, the RFID localization methods e.g. TOA, TDOA, AoA can be used for AIoT device positioning by re-using existing 3GPP UE positioning methods.
Observation 4, existing UL positioning procedures can be used for AIoT device positioning, the main difference is the AIoT device sends the backscatter signal instead of SRS signal in UE positioning. 
Proposal 5, the UL positioning procedures and methods can be re-used for AIoT device positioning.
In the Annex, we provided a TP for TR 38.769 to reflect the above discussion.
Proposal 6, RAN3 agrees the TP for TR 38.386 in the Annex. 
3	Conclusion
In this contribution, we discussed how to locating an AIoT device, and have the following observations and proposals.
Clarification on the locating an AIoT device
Observation 1, there’re different understandings of locating a device, one is providing the coordinates of the device by positioning methods, another is providing cell/TA level information of the device.
Proposal 1, RAN3 clarify the understanding of the locating an AIoT device. 
Proposal 2, it’s suggested to discuss Cell/TA-Level Location Information of an AIoT device first and then support the Coordinates-Level Positioning of an AIoT device if the TU allows.
Cell/TA-Level Location Information
Proposal 3: for Topology 1, if device related information is included in the NGAP message, the device location information can be optionally included in this NGAP message. The user location information can be reused for this purpose.
Observation 2, in Topology 2, UE can include its location info in the NAS message when transferring the AIoT device info, which seems have no RAN3 impacts, but which signalling is used is pending to other WGs.
Proposal 4: for Topology 2, how to include the device location information is pending to other WGs.
Coordinates-Level Location Information
Observation 3, the RFID localization methods e.g. TOA, TDOA, AoA can be used for AIoT device positioning by re-using existing 3GPP UE positioning methods.
Observation 4, existing UL positioning procedures can be used for AIoT device positioning, the main difference is the AIoT device sends the backscatter signal instead of SRS signal in UE positioning. 
Proposal 5, the UL positioning procedures and methods can be re-used for AIoT device positioning.
Proposal 6, RAN3 agrees the TP for TR 38.386 in the Annex. 
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5	Annex (TP to TR 38.769)
<<<<<<<<<<<<<<<<<<<< First Change >>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc160111605]6.8	Locating Ambient IoT devices
Editor’s note: Proximity determination may be in a 6.8.x sub-clause, or another arrangement, depending on how the study proceeds.
[bookmark: _Toc45104743][bookmark: _Toc45883226][bookmark: _Toc51763505][bookmark: _Toc52266319][bookmark: _Toc64445097][bookmark: _Toc73980456][bookmark: _Toc88651152][bookmark: _Toc98351682][bookmark: _Toc98747980][bookmark: _Toc105704366][bookmark: _Toc106108484][bookmark: _Toc107829456][bookmark: _Toc112703215][bookmark: _Toc162627435]6.8.x1	Device Location Information
Figure 6.8.x1-1 shows the device location information providing in Topology 1.


[bookmark: _CRFigure6_1_31]Figure 6.8.x1-1: Device Location Information Providing in Topology 1
In step 1, the AIoT AMF sends the AIoT operation request (e.g. inventory, command) to the AIoT gNB.
In step 2, the AIoT operation is performed between AIoT gNB and AIoT device.
In step 3, the AIoT gNB sends the AIoT device info to AIoT AMF, along with the Device Location Information.
Figure 6.8.x-2 shows the device location information providing in Topology 2.


Figure 6.8.x1-2: Device Location Information Providing in Topology 2
In step 1, the AIoT AMF sends the AIoT operation request (e.g. inventory, command) to the UE.
In step 2, the AIoT operation is performed between UE and AIoT device.
In step 3, the UE sends the AIoT device info to AIoT AMF, along with the Reader Location Information.
6.8.x2	AIoT Device Positioning
Figure 6.8.x2-1 shows the procedure of AIoT device positioning.


Figure 6.8.x2-1: AIoT Device Positioning
In step 1, the 5GC (e.g. LMF) sends the Positioning Information Request message to the configuring reader (i.e. UE or gNB) to configuring UL transmission for the AIoT device.
In step 2, the configuring reader responds with the Positioning Information Response message to the 5GC.
In step 3, the 5GC (e.g. LMF) sends the Measurement Request message to the receiving readers (i.e. UE or gNB) to measure the UL signal from the target AIoT device.
In step 3, the receiving readers (i.e. UE or gNB) sends the Measurement Response message to the 5GC (e.g. LMF), along with the measurement results, and then the 5GC (e.g. LMF) can calculates the coordinates of the target AIoT device.
<<<<<<<<<<<<<<<<<<<< Change Ends>>>>>>>>>>>>>>>>>>>>
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