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1. Introduction
On support of A-IoT, the new SID [1] is approved in RAN#102. The RAN3 related objectives are highlighted below: 
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).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· RAN1-led:
……
· RAN2-led:
……
· 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.
· RAN4-led:
……
RAN2 and RAN3 are expected to identify RAN-CN functional split in coordination with SA2.

Note: This study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. The study shall not aim to replace existing 3GPP LPWA technologies.


In this contribution, we will discuss the positioning aspects on support of A-IoT, and provide the observations and proposals accordingly.

2. Discussion
On the positioning aspects for A-IoT, in the SID [1], RAN3 will lead the discussion to: 
· 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.

In the TR 22.840 [2], there’re several use cases on A-IoT which have different requirements on Positioning accuracy. E.g. for the automated warehousing (section 5.1), and the medical instruments inventory management and positioning (section 5.2),  the positioning accuracy expected are 2~3m, and 3~5m.
Table 5.1.6-1: KPI Table of Ambient IoT for automated warehousing
	Scenario
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density

	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy

	Automated warehousing
	1s (note 3)
	99%
	NA
	<100/128bits/s (note 4)
	96/128 bits (note 1)
	 [NA]
	30m indoors
	NA
	5~10km/h
	NA
	NA
	NA
	2~3 m (note 2)

	Note 1:  Message size refers to the Ambient IoT device identifier used for goods identification in this use case;
Note 2: Three-dimensional positioning (both horizontal and vertical) is considered;
Note 3: End to end latency refers to the time taken for an Ambient IoT device to transmit the message;
Note 4: User-experienced data rate is calculated as the message size (96/128bits) transmitted within 1s time period;



Table 5.2.6-1: KPIs for use case of Medical Instrument Inventory management 
	Scenario
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density

	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy

	Medical instrument inventory management and positioning
	Several seconds
	99%
	NA
	<2kbit/s
(note 1)
	176bit
	≥1000/km2
(note 2)
	50m indoor
200m outdoor

	NA
	Stationary or walking speed
<6 km/h
	NA
	NA
	NA
	3 m to 5 m indoor

	Note 1: User experienced data rate is calculated based on inventory information (176 bits) within time period of e.g. 100 ms;
Note 2: It refers typical medical instrument density condition in Chinese hospital.



In the TR 38.848 [3], the requirement on Positioning accuracy is also mentioned below:
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. 


In the SID, it’s not clearly specified what’s the expected positioning requirement to be achieved in Rel-19.
Observation 1: in the TR [1][2], different use cases have different requirements on Positioning accuracy, e.g. the automated warehousing may require 2~3m positioning accuracy.
We understand that it’s not appropriate for A-IoT device to support GNSS capability, or support 3GPP based positioning methods, which will result in the high cost and high complexity of the A-IoT devices.
Proposal 1: 3GPP based positioning methods are not considered for A-IoT.
Then, we should consider how much we can do for A-IoT positioning. At least the BS knows the cell identity where an A-IoT device is located after inventory, thus it could provide the cell identity to the CN, ULI could be reused.
Proposal 2: the NG-RAN could at least provide the cell identity of the A-IoT device to the CN by reusing the ULI in the NG interface.
Considering the positioning accuracy mentioned in the TR [2][3], RAN3 should discuss whether need to report finer granularity of device location than the cell granularity to the CN.
If more accurate positioning accuracy is expected for A-IoT use case, and if the device location is known by the device (how it is achieved is not to be specified), the location could be reported to the CN via the NAS, if supported. However, whether and how to request and report the UE location between A-IoT device and Core Network is out of RAN3 scope.
Observation 2: If more accurate location of A-IoT device is known by itself, it could be reported to the CN via NAS, pending to SA2/CT1/RAN2, no RAN3 impact.
If more accurate location of an A-IoT device could be decided by the BS according to the implementation (e.g. according to the AoA of the signalling/data from the device), it could be reported to the CN via the ULI. 
Observation 3: If more accurate location of A-IoT device could be obtained by the gNB e.g. by implementation, it could be reported to the CN the finer granularity of device location in the ULI.
If more accurate location of an A-IoT device could be decided by the intermediate node (UE), how it is requested and reported are to be further discussed, the details are up to RAN2 and SA2.
Observation 4: If more accurate location of A-IoT device could be obtained by the intermediate node (UE), how it is requested and reported to be further considered, taking SA2/RAN2 progress into account.
Base on the discussion above, we should first discuss whether need to report finer granularity of device location than the cell granularity to the CN.
Proposal 3: RAN3 should discuss whether need to report finer granularity of device location than the cell granularity from NG-RAN or from immediate UE to the CN.

3. Conclusion
Based on the discussion in section 2, the following observations and proposals are provided:
Observation 1: in the TR [2][3], different use cases have different requirements on Positioning accuracy, e.g. the automated warehousing may require 2~3m positioning accuracy.
Proposal 1: 3GPP based positioning methods are not considered for A-IoT.
Proposal 2: the NG-RAN could at least provide the cell identity of the A-IoT device to the CN by reusing the ULI in the NG interface.
Observation 2: If more accurate location of A-IoT device is known by itself, it could be reported to the CN via NAS, pending to SA2/CT1/RAN2, no RAN3 impact.
Observation 3: If more accurate location of A-IoT device could be obtained by the gNB e.g. by implementation, it could be reported to the CN the finer granularity of device location in the ULI.
Observation 4: If more accurate location of A-IoT device could be obtained by the intermediate node (UE), how it is requested and reported to be further considered, taking SA2/RAN2 progress into account.
[bookmark: OLE_LINK3]Proposal 3: RAN3 should discuss whether need to report finer granularity of device location than the cell granularity from NG-RAN or from immediate UE to the CN.
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