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1. Introduction 
In this paper, we discuss aspects related to the following objective in the SID:
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. Discussion
2.1 [bookmark: _Hlk163044739]Design targets for AIoT positioning
SA1 discussed several use cases for AIoT positioning (both Indoor and Outdoor) and is also summarized in the TR 38.848 as follows:
	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

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



Further, there was also discussions on design targets for positioning accuracy and captured in TR 38.848 as follows:
The design target of absolute positioning accuracy when performed by the cellular network (including assisting nodes when present) is:
[bookmark: _Hlk131521101] - 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

Observation 1: Rel-18 study in RAN discussed Indoor and Outdoor positioning use cases and mentioned some design targets related to positioning accuracy for these use cases.

But Rel-19 study item decided to focus only on the inventory and command use cases and not on the positioning use cases. So, in our view, the design targets mentioned for positioning accuracy in the TR need not apply to the inventory/command use cases. 

Observation 2: Rel-19 study item focuses only on inventory/command use cases and not on the indoor/outdoor positioning use cases.

Proposal 1: RAN3 should discuss the granularity needed for AIoT positioning for the inventory/command use cases for both Topology 1 and Topology 2
2.2 Proximity determination vs. Positioning
In addition to the RAN3-led objective on AIoT positioning, there is a separate objective on proximity determination that is being discussed by RAN1 and was recently clarified as well in the SID objective:
Study the feasibility and required functionalities for proximity determination, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (coordination with SA3 is required for privacy aspects).
As clarified in the SID, the proximity determination helps the reader to identify whether a target A-IoT device is in very close proximity range, e.g., within 10 or 20 centimeters relative to the reader or not. 
The proximity determination feature is especially useful for handheld UE-based readers, or fixed readers placed at certain processing points in a manufacturing chain. For example, it would be useful if a handheld reader is able to identify that a desired A-IoT device is within its “proximity”, even if there are dozens of other A-IoT devices within communication range.
Unlike positioning, proximity determination does not target determining the device’s “location”, it just makes a binary determination whether a distance is within a few tens of centimeters or not.
Observation 3: Proximity determination is different from positioning and is being studied by RAN1.
Proposal 2: RAN3 will focus on identifying solutions for AIoT positioning and not work on proximity determination unless explicitly requested by RAN1.
2.3 Entities involved in AIoT positioning

The following is the RAN3-led objective for AIoT positioning from the Rel-19 SID:

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.

The wording of the above objective is not clear and makes a lot of assumptions regarding the architecture and the involvement of existing 5GS entities. 

For example, it is not clear what “reusing existing user location report” would even mean if there is no involvement of AMF/NG-RAN for AIoT positioning. Existing location reporting procedure involves AMF sending a location reporting control to NG-RAN node and the NG-RAN node providing a location report to AMF for UEs in RRC_CONNECTED. For AIoT, there are supposed to be no RRC states and therefore reusing location reporting procedure which works for RRC_CONNECTED also doesn’t make sense. 

Observation 4: The objective in the SID regarding AIoT positioning is not clear and makes a lot of assumptions regarding the architecture and the involvement of existing 5GS entities.

We therefore make the following proposal:

Proposal 3: RAN3 should not assume involvement of existing 5GS entities (AMF, LMF, NG-RAN node) or the reuse of existing procedures (e.g., location reporting procedures) while designing solutions for AIoT positioning and should work on solutions agnostic of the architecture.
 
Also, the words “convey location information to core network” assume that the location information would need to be conveyed to the core network. But as mentioned before, it is not yet clear whether any existing 5GC entity (e.g., AMF or LMF) will be involved in AIoT positioning. However, RAN3 can discuss whether the new network entity being discussed in SA2 that is responsible for forwarding AIoT specific messages (e.g., inventory/commands) can also be involved in the AIoT positioning (e.g., collect location reports). The following is therefore proposed:

Proposal 4: RAN3 should study whether the new AIoT specific network entity being studied in SA2 (we call it as the AIoT controller) can be involved in AIoT positioning. 
 

2.4 Requirements for AIoT positioning methods

In NR, there have been several positioning methods such a UE-based, UE-assisted LMF-based, NG-RAN node assisted as captured in TS 38.305.

Some positioning methods defined in NR require a dedicated RS for positioning (e.g., SRS/PRS), some time-based positioning methods (such as multi-RTT, TDOA) and some angle-based measurements (such as DL-AoD, UL-AoA) require measurements to be performed at the UE. Some other positioning methods require GNSS/sensor/Bluetooth/WLAN support at the UE.

Requiring AIoT device to support a dedicated RS for positioning purposes or to support measurements (time-based, angle-based or RRM measurements such as RSRP/RSRQ-based) is not feasible for these low-cost low-complexity devices. We therefore propose the following as guiding principles while designing solutions for AIoT positioning.

Observation 5: Requiring AIoT device to support measurements or dedicated reference signals for positioning purposes would add significant complexity, power consumption and cost to these devices and is not feasible.

Proposal 5: RAN3 should study solutions for AIoT positioning which doesn't add complexity at AIoT device.
 
Proposal 6: AIoT positioning should not consider methods which require the AIoT device to support
· A dedicated RS for positioning (e.g., PRS or SRS) 
· RSRP/RSRQ-based measurements
· Time-based measurements (e.g., as in multi-RTT, TDOA)
· Angle-based measurements (DL-AOD, UL-AoA)
· GNSS/sensor/WLAN/Bluetooth etc.

 
2.5 Reader-based Positioning 

RAN3 should look to study Reader-location based positioning methods which don’t add to complexities at the AIoT device and can locate the AIoT device coarsely based on the location of the Reader to which the AIoT device is currently or last associated with. 

For example, if the AIoT controller (or an equivalent network entity) has knowledge that the AIoT device was inventoried/reachable by a certain Reader (thereby having the AIoT device “location” at a Reader level), it can use this knowledge to send the subsequent AIoT messages towards this last known Reader without requiring to send these messages “blindly” over a random area.

We therefore propose the following:

Proposal 7: RAN3 should study Reader-based methods for AIoT positioning e.g., knowledge of the last known Reader.

3. Conclusion
Design targets for AIoT positioning

Observation 1: Rel-18 study in RAN discussed Indoor and Outdoor positioning use cases and mentioned some design targets related to positioning accuracy for these use cases.

Observation 2: Rel-19 study item focuses only on inventory/command use cases and not on the indoor/outdoor positioning use cases.

Proposal 1: RAN3 should discuss the granularity needed for AIoT positioning for the inventory/command use cases for both Topology 1 and Topology 2
Proximity determination vs. Positioning
Observation 3: Proximity determination is different from positioning and is being studied by RAN1.
Proposal 2: RAN3 will focus on identifying solutions for AIoT positioning and not work on proximity determination unless explicitly requested by RAN1.
Entities involved in AIoT positioning

Observation 4: The objective in the SID regarding AIoT positioning is not clear and makes a lot of assumptions regarding the architecture and the involvement of existing 5GS entities.

Proposal 3: RAN3 should not assume involvement of existing 5GS entities (AMF, LMF, NG-RAN node) or the reuse of existing procedures (e.g., location reporting procedures) while designing solutions for AIoT positioning and should work on solutions agnostic of the architecture.

Proposal 4: RAN3 should study whether the new AIoT specific network entity being studied in SA2 (we call it as the AIoT controller) can be involved in AIoT positioning. 

Requirements for AIoT positioning methods

Observation 5: Requiring AIoT device to support measurements or dedicated reference signals for positioning purposes would add significant complexity to these devices.

Proposal 5: RAN3 should study solutions for AIoT positioning which doesn't add complexities at AIoT device.

Proposal 6: AIoT positioning should not consider methods which require the AIoT device to support
· A dedicated RS for positioning (e.g., PRS or SRS) 
· RSRP/RSRQ-based measurements
· Time-based measurements (e.g., as in multi-RTT, TDOA)
· Angle-based measurements (DL-AOD, UL-AoA)
· GNSS/sensor/WLAN/Bluetooth 

Reader-based positioning

Proposal 7: RAN3 should study Reader-based methods for AIoT positioning e.g., knowledge of the last known Reader.
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