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1. Introduction
In the last RAN3 meeting, we discussed and clarified the terminology of “positioning” or “locating” of the A-IoT device, and it’s the common understanding we will study the use cases and work on solution(s) to support A-IoT device locating. Corresponding agreements and open issues could be found in [1]:   
RAN3#123bis:
Use cases for locating an AIoT device: 
-	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.
FFS for other granularities.


In this contribution, we will further discuss the support of locating aspects for A-IoT, and provide the observations and proposals accordingly.
2. Discussion
In the last RAN3 meeting, it’s agreed to support at least “reader” granularity. However, what’s the meaning of  “reader” granularity should be clarified. Two understandings as below:
- GNSS location of the reader 
- the GNSS area served by the reader

RAN3 should first discuss what’s the meaning of “reader” granularity, GNSS location of the reader, or the GNSS area served by the reader.
Proposal 1: RAN3 should first discuss what’s the meaning of “reader” granularity, GNSS location of the reader, or the GNSS area served by the reader.

For Topology 1,  we should discuss and decide the relationship between the “reader” and the A-IoT RAN node. E.g. one A-IoT  RAN node just hold one “reader”, or one A-IoT RAN node could hold more than one “readers”.
To our understanding, in topology 1, a “reader” looks like a TRP, the antenna, a beam, or a cell of a gNB, which is used to receive the UL signal from the A-IoT devices. To make the deployment more flexible, maybe the reader is co-located with the gNB, maybe not, and it’s reasonable to support multiple “readers” per A-IoT RAN node, how the readers are connected to the gNB is out of RAN3 scope, as shown in the figure below:



Figure 1: one A-IoT RAN node holds one or multiple readers

Observation 1: For Topology 1, one A-IoT RAN node may hold one or multiple readers, the reader could be  TRP/ antenna/beam/cell like.

A-IoT RAN node knows which reader a A-IoT device is connected to during the inventory or command procedure. In this case, A-IoT RAN node knows the GNSS location of the readers, and the GNSS area served by each reader.
Observation 2: For topology 1, A-IoT RAN node knows the GNSS location of the “readers” it holds (connected with), and the GNSS areas served by each reader.
As above, for topology 1, we should consider how to report the “reader” granularity location of the A-IoT device to the core network, e.g. reader id? Reader location? In Positioning methods, TRP information including the TRP location info maybe configured to LMF via OAM, or via NRPPa signalling TRP Information Request/Response. 
To make it easier, we expect not to define the reader ID, and not to configure the reader location to the 5GC, A-IoT RAN node just directly provide the location of the A-IoT device (the location of the reader).
Proposal 2: For Topology 1, one A-IoT RAN node may hold one or multiple readers, 5GC does not need to know about the “reader(s)”. A-IoT RAN node could provide to 5GC the reader granularity device location, e.g. GNSS location of the “reader” or the GNSS area served by the reader where the A-IoT device is connected to.

For the Topology 2, of course multiple UE readers could connect to one A-IoT RAN node, as shown in the figure below:


Figure 2: Multiple UE readers connects to one A-IoT RAN node
Observation 3: One or multiple UE readers could connect to one A-IoT RAN node for Topology 2.

But the issue here is which node to report the device location, some potential solutions:
· Option 1: UE to CN via NAS, the CN could learn about the device location via the UE NAS procedure, if NAS is used for inventory/command response.
· Option 2: UE to RAN over AS, and RAN to CN over NG.
· Option 3: RAN to CN, this requires RAN node to know the mapping between UE and devices.
As it’s not clear how to support the inventory and command for the topology 2, we should wait a little bit to see whether need to report any extra location info in the topology 2, maybe it’s enough to know where the device is connected with, and 5GC may know the detail location of the UE via the existing positioning methods.
Proposal 3: UE reader granularity device location could be supported for topology 2, whether and how to report the device location in this case is pending to the design to support inventory and command procedures in topology 2.

Then, let’s discuss the FFS as below:
FFS for other granularities.

On the positioning aspects for A-IoT, in the SID [2], 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 [3], 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.
5.7	Positioning accuracy
The design target of absolute positioning accuracy when performed by the cellular network (including assisting nodes when present) is:
-	1~3 meters @ 90% indoor location.
-	Several tens of meters @ 90% outdoor location.
The design target of relative ranging accuracy for topology 4 is:
-	1~3 meters @ 90% indoor and outdoor location 


In the TR 38.848 [4], 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 3: in the TR [1][2], different use cases have different requirements on Positioning accuracy, e.g. for some indoor use cases, 1~3m positioning accuracy is expected, and several tens of meters accuracy for outdoor cases.

RAN3 should further discuss and decide what’s the requirement of locating accuracy for A-IoT device in Rel-19. Whether the reader granularity is sufficient or not?
On top of the reader granularity, some potential enhancement could be considered to improve the accuracy of locating, e.g. near/far indicator, signal strength. The info could be decided by the A-IoT RAN node or UE reader by implementation.
Proposal 4: RAN3 should discuss and decide the requirement of locating accuracy for A-IoT device, whether need to improve the accuracy on top of reader granularity.

3. Conclusion
Based on the discussion in section 2, the following observations and proposals are provided:
Proposal 1: RAN3 should first discuss what’s the meaning of “reader” granularity, GNSS location of the reader, or the GNSS area served by the reader.
Observation 1: For Topology 1, one A-IoT RAN node may hold one or multiple readers, the reader could be  TRP/ antenna/beam/cell like.
Observation 2: For topology 1, A-IoT RAN node knows the GNSS location of the “readers” it holds (connected with), and the GNSS areas served by each reader.
Proposal 2: For Topology 1, one A-IoT RAN node may hold one or multiple readers, 5GC does not need to know about the “reader(s)”. A-IoT RAN node could provide to 5GC the reader granularity device location, e.g. GNSS location of the “reader” or the GNSS area served by the reader where the A-IoT device is connected to.
[bookmark: _GoBack]Observation 3: One or multiple UE readers could connect to one A-IoT RAN node for Topology 2.
Proposal 3: UE reader granularity device location could be supported for topology 2, whether and how to report the device location in this case is pending to the design to support inventory and command procedures in topology 2.
Observation 3: in the TR [1][2], different use cases have different requirements on Positioning accuracy, e.g. for some indoor use cases, 1~3m positioning accuracy is expected, and several tens of meters accuracy for outdoor cases.
Proposal 4: RAN3 should discuss and decide the requirement of locating accuracy for A-IoT device, whether need to improve the accuracy on top of reader granularity.
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