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1	Introduction
In last RAN3 meeting, RAN3 discussed and agreed the following use casas and granularity for locating AIoT device.
Use cases for locating an AIoT device: 
[bookmark: _Hlk165724100][bookmark: OLE_LINK8][bookmark: OLE_LINK9]-	Find an appropriate “reader” close to the A-IoT device; 
-	Find where the A-IoT device is.
Support locating the A-IoT device at “reader” granularity.
In this contribution, we’d like to further discuss the uses cases and granularity for locating AIoT device.
2	Discussion
Use cases 1 Find an appropriate “reader” close to the A-IoT device
The example scenario depicted in Figure 1 illustrates the use case of " Find an appropriate “reader” close to the A-IoT device." In this scenario, the target device(s) may be surrounded by multiple readers, which can either be AIoT RAN nodes or UE readers. The AIoT AF or AIoT CN may need to identify an appropriate reader that is in close proximity to the target AIoT device for further operations.


Figure 1 use case- Find an appropriate “reader” close to the A-IoT device
To support this scenario, there may be options:
- option 1, the reader is responsible to decide whether it’s close to the target device.
- option 2, the AIoT CN is responsible to decide whether it’s close to the target device.
The following figure shows an example for how the reader to decide whether it’s close to the target device
a) AIoT CN sends inventory paging to the readers in a specific area, along with a threshold for the reader to decide whether the device is close or not, the threshold can be e.g. a threshold of RSSI. And then, the readers independently initiate Query procedures to establish communication with the target devices, as depicted in Figure 2(a).
b) Upon receiving a response from the target device, the readers measure the backscatter signal (e.g., RSSI) emitted by it. The reader compares the measurement result with the threshold, if the threshold is met, the reader sends to inventory result to the AIoT CN, if not, the reader may not send the result as shown in Figure 2(b).


Figure 2  solution 1 to find an appropriate “reader” close to the A-IoT device
 the following figure shows an example for how the AIoT CN or AIoT AF knowns the information for determination of the most appropriate reader close to the target AIoT device. 
a) The AIoT AF or AloT controller can send inventory paging to the readers in a specific area. Subsequently, the readers independently initiate Query procedures to establish communication with the target devices, as depicted in Figure 3(a).
b) Upon receiving a response from the target device, the readers measure the backscatter signal (e.g., RSSI) emitted by it. The measurement result is then included in the inventory result along with the reader ID and transmitted to either the AIoT CN or AIoT AF for distance determination between reader and target device as shown in Figure 3(b). This enables identification of an appropriate "reader" in close proximity to facilitate further communication with A-IoT devices.


Figure 3 solution 2 to find an appropriate “reader” close to the A-IoT device
Observation 1, the purpose of finding a reader close to the target device is for further AIoT related operation.
Observation 2, if there’re multiple readers around a target device, the measurements of receiving backscatter signal by the different readers can be used for determination on whether the reader is close to the target device.
Proposal 1, RAN3 to study the following two options to support the use case “Find an appropriate “reader” close to the A-IoT device”
- option 1, the reader is responsible to decide whether it’s close to the target device.
- option 2, the AIoT CN is responsible to decide whether it’s close to the target device.
[bookmark: _Hlk166231700]Use cases 2 Find where the A-IoT device is
For this use case, we think the scenarios can be further divided into two cases based on the different granularities.
- case 2.1 “reader” granularity
- case 2.2 “geographical coordinates” granularity
For case 2.1, i.e. “reader” granularity, the reader related information as device location information can be provided to the AIoT CN/AF during inventory or command operation.
The following figure 4 shows an example of providing device location information in topology 1.


Figure 4 locating AIoT device in “reader” granularity in Topology 1
When there’s inventory or command operation, the AIoT RAN can include the reader related information (e.g. TRP location info, cell ID or TAC) in the inventory or command result message.
The following figure 5 shows an example of providing device location information in topology 2.


Figure 5 locating AIoT device in “reader” granularity in Topology 2
When there’s inventory or command operation, the UE reader may perform UE positioning to obtain the GNSS location of the UE and include it in the inventory or command result message. If there’s no GNSS of the UE, the UE reader can include the UE location info (e.g. the cell ID, TAC of the UE reader’s current serving cell)
Proposal 2, if “reader” granularity is used in topology 1, the AIoT RAN node can include the RAN node related information (e.g. TRP ID, Cell ID, TAC of the node) as device location information in the inventory or command result. 
Proposal 3, if “reader” granularity is used in topology 2, the UE reader can perform legacy positioning to obtain the GNSS location of the UE and can include the GNSS information and/or location information of the UE as device location information in the inventory or command result.
For case 2.2, as we already discussed in our previous contribution [1], according to the UHF RFID Localization, the AIoT device can be located by using RSSI and TDOA, which indicates that existing positioning methods can be re-used. To make it simple, one possible straightforward solution is that the readers near to the target AIoT device can measure the signal strength and/or time difference of the backscatter signal during inventory or command operation, if the AIoT CN/AF knows the location of the reader and the measurements of the backscatter signal from the corresponding readers, it can derive the “geographical coordinates” level location information of the target AIoT device. 
The following figure 5 shows an example of locating AIoT device in “geo coordinates” granularity.


Figure 6 locating AIoT device in “geo coordinates” granularity
In step 1, the AIoT CN or AIoT AF selects appropriate readers near or close to the target AIoT device based on the prior information, e.g. according to the procedure as shown in figure 1. The AIoT CN or AIoT AF command the selected readers to perform AIoT operation (e.g. inventory or command) for the target device.
In step 2, the selected readers perform the inventory or command operation as indicated. 
In step 3, each selected reader measures the backscatter signal from the target device, and include the measurement result (e.g. the RSSI of the backscatter signal) and optionally the geo location of the reader (note: this may be already known by the AIoT CN/AF in advance) in the inventory or command results to the AIoT CN or AIoT AF.
In step 4, the AIoT CN/AF calculate the geo location of the AIoT device by using the measurement results (e.g. the RSSI of the backscatter signal) and the geo location of the readers.
The above possible solutions have no impacts or additional requirements on the AIoT devices, the inventory or command procedure can be reused, only additional measurements need to be performed and included in the results to the AIoT CN/AF by the readers. 
Proposal 4, if “geographical coordinates” granularity is required, the AIoT CN can ask multiple readers near to the target AIoT device to perform inventory/command operation, and let the reader to measure the receiving backscatter signal and provide the measurement results and reader’s location to the AIoT CN or AIoT AF so that it can calculate the “geographical coordinates” of the target AIoT device. 
Proposal 5, 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.
Use cases 1 
Observation 1, the purpose of finding a reader close to the target device is for further AIoT related operation.
Observation 2, if there’re multiple readers around a target device, the measurements of receiving backscatter signal by the different readers can be used for determination on whether the reader is close to the target device.
Proposal 1, RAN3 to study the following two options to support the use case “Find an appropriate “reader” close to the A-IoT device”
- option 1, the reader is responsible to decide whether it’s close to the target device.
- option 2, the AIoT CN is responsible to decide whether it’s close to the target device.
Use cases 2
Proposal 2, if “reader” granularity is used in topology 1, the AIoT RAN node can include the RAN node related information (e.g. TRP ID, Cell ID, TAC of the node) as device location information in the inventory or command result. 
Proposal 3, if “reader” granularity is used in topology 2, the UE reader can perform legacy positioning to obtain the GNSS location of the UE and can include the GNSS information and/or location information of the UE as device location information in the inventory or command result.
[bookmark: _GoBack]Proposal 4, if “geographical coordinates” granularity is required, the AIoT CN can ask multiple readers near to the target AIoT device to perform inventory/command operation, and let the reader to measure the receiving backscatter signal and provide the measurement results and reader’s location to the AIoT CN or AIoT AF so that it can calculate the “geographical coordinates” of the target AIoT device. 
Proposal 5, RAN3 agrees the TP for TR 38.386 in the Annex. 
4	Reference
[bookmark: _Ref161837691][bookmark: _Ref161064746][1] RP-240826, “Revised SID: Study on solutions for Ambient IoT (Internet of Things) in NR”, CMCC, Huawei, T-Mobile USA, Maastricht, Netherlands, March 18-21, 2024
[2]	3GPP TR 38.848, Study on Ambient IoT (Internet of Things) in RAN, Release 18
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	Use cases
The following use cases for locating Ambient IoT devices are studied
-	Find an appropriate “reader” close to the A-IoT device; 
This use case is intended for the AIoT CN or AIoT AF to identify an appropriate reader among one or more readers surrounding the target AIoT device, facilitating further AIoT operations. 
-	Find where the A-IoT device is.
[bookmark: _Hlk163470604]This use case is intended for the AIoT AF to find the location of the target AIoT device for application usage “e.g. finding the lost device”.
6.8.x2 		Finding an appropriate “reader”
Figure 6.8.x2-1 shows an example for how the reader to decide whether it’s close to the target device.
a) AIoT CN sends inventory paging to the readers in a specific area, along with a threshold for the reader to decide whether the device is close or not, the threshold can be e.g. a threshold of RSSI. And then, the readers independently initiate Query procedures to establish communication with the target devices.
b) Upon receiving a response from the target device, the readers measure the backscatter signal (e.g., RSSI) emitted by it. The reader compares the measurement result with the threshold, if the threshold is met, the reader sends to inventory result to the AIoT CN, if not, the reader may not send the result.


Figure 6.8.x2-1: proximity determination at reader side
Figure 6.8.x2-2 shows an example for how the AIoT CN/AF to decide whether it’s close to the target device.
a) The AIoT AF or AloT controller can send inventory paging to the readers in a specific area. Subsequently, the readers independently initiate Query procedures to establish communication with the target devices, as depicted in Figure 3(a).
b) Upon receiving a response from the target device, the readers measure the backscatter signal (e.g., RSSI) emitted by it. The measurement result is then included in the inventory result along with the reader ID and transmitted to either the AIoT CN or AIoT AF for distance determination between reader and target device as shown in Figure 3(b). This enables identification of an appropriate "reader" in close proximity to facilitate further communication with A-IoT devices.Figure 6.8.x2-1: proximity determination at reader side


Figure 6.8.x2-2: proximity determination at AIoT CN/AF side
6.8.x3 		Finding where the AIoT device is
Figure 6.8.x3-1 shows the device location information providing in Topology 1.


Figure 6.8.x3-1: device location information providing in Topology 1
In step 1, the AIoT CN sends the AIoT operation request (e.g. inventory, command) to the AIoT RAN.
In step 2, the AIoT operation is performed between AIoT RAN and AIoT device.
In step 3, the AIoT gNB sends the AIoT device info to AIoT CN, along with the Device Location Information including e.g. the TRP location info, cell ID and/or TAC of the AIoT RAN.
Figure 6.8.x3-2 shows the device location information providing in Topology 2.



Figure 6.8.x3-1: device location information providing in Topology 2
In step 1, the AIoT CN sends the AIoT operation request (e.g. inventory, command) to the UE Reader.
In step 2, the AIoT operation is performed between UE Reader and AIoT device. 
In step 3, optionally, the UE reader may perform positioning procedure to obtain the more precise location information, e.g. GNSS information.
In step 4, the UE Reader sends the AIoT device info to AIoT CN, along with the Device Location Information including e.g. the GNSS of UE reader and/or UE location information.  
<<<<<<<<<<<<<<<<<<<< Change Ends>>>>>>>>>>>>>>>>>>>>
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