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1 Introduction

In this contribution, we provide our views on the use case with positioning requirement for ambient IoT.
2 Background
Ambient IoT is proposed in 3GPP as an enhanced LPWA technology. The design targets for ambient IoT technology include ultra low power consumption/complexity and battery less or limited energy storage capability for the ambient IoT device and can provide very dense connections between ambient IoT devices and network. Quantitatively, the power consumption of ambient IoT device is typically from 1µW to a few hundreds of µW while general NR device is around 10mW. And the connection density can be orders of magnitude higher than existing 3GPP IoT technologies (e.g. NB-IoT and eMTC). 

In TR 22.840, potential use cases for ambient IoT are included as follows,
· Ambient IoT for automated warehousing

· Ambient IoT for medical instruments inventory management and positioning

· Ambient IoT devices in substations in smart grids

· Ambient IoT in non-public network for logistics

· Ambient IoT for intralogistics in automobile manufacturing

· Ambient IoT sensors in smart homes

· Ambient IoT for Asset Tracking in Airport Terminals / Shipping Ports
· Finding remote lost item with ambient IoT devices/personal belongings finding

· LCS for ambient IoT
· Ranging for ambient IoT
· Online modification of medical instruments status

· Ambient IoT for Base Station Machine Room Environmental Supervision

· Indoor positioning in shopping centre using Ambient IoT

· Ambient_IoT enablement of smart laundry

· Ambient_IoT in automated supply distribution

· Ambient IoT in smart diary/pig farming
· Ambient IoT Device Activation and Deactivation

· Ambient IoT for fresh food supply chain
· Ambient IoT for forest fire monitoring
· Ambient IoT for smart agriculture
· Ambient IoT for museum guide
· Ambient IoT for manhole cover safety monitoring
· Ambient IoT for smart bridge health monitoring
· Ambient IoT for elderly health care
· Ambient IoT for end to end logistics
· Ambient IoT for pressure powered switch
3 Discussions

As can be seen in the description of service flow of the above use cases, positioning is a very common requirement. And among them, LCS and ranging for ambient IoT are representative use cases. 
The requirement for positioning can happen both indoor and outdoor, for example, finding a car in an underground parking lot of a shopping center, or finding lost cattle on a farm. And both small cell and Macro cell deployment should be supported. For example, for the underground parking lot in shopping center, small cell(such as Micro/Pico cell) deployment is used, and provide car positioning and shopping navigation services. Another example, for cattle farming with vast area, Macro cell with cell radius of several kilometers is a more practical deployment choice. Generally, if positioning requirement happens indoor, typically it will be small cell deployment, and if positioning requirement happens outdoor, Macro cell deployment is more relevant.
Proposal 1: Study indoor and outdoor positioning with small cell and Macro cell deployment for ambient IoT.
Considering the fact that ambient IoT device has no battery or very limited energy storage capability, the UL transmission power and UL coverage would also be limited. For deployment with relatively large cell radius, such as Macro cell deployment, gNB may not be able to successfully receive the signals from ambient IoT device. A third entity, such as relay or repeater, is needed to forward the signals to gNB, and, on the other hand, can also forward signals from gNB to ambient IoT device. 

Observation 1: A third entity, such as relay or repeater, may be needed to forward signals between gNB and ambient IoT device.

Proposal 2: Study how relay/repeater function in positioning process for ambient IoT device.
The Interface involved for ambient IoT device positioning should also be considered. For LCS, as described in the service flow of TR 22.840, the gNB acquires the location of ambient IoT device directly and send the location information to the registered UE, that is the positioning is done by Uu-like(gNB-ambient IoT device) interface. For ranging service, the UE sends positioning commands to and later get response from ambient IoT device to acquire the relative location of the device, that it the positioning is done by sidelink-like(UE-ambient IoT device) interface  
Proposal 3: Study positioning for ambient IoT based on both Uu-like(gNB-ambient IoT device) interface and sidelink-like(UE-ambient IoT device) interface.

In current specification, position method can be classified as DL and UL positioning. In DL positioning, gNBs send positioning RS and UE will do the measurement and positioning calculation, or UE can only do measurement and sends measurement results to LMF, and LMF will do the positioning calculation. In UL positioning, UE can send UL positioning RS and gNBs can do the measurement and positioning calculation. Considering the ultra-low power/complexity of ambient IoT device, UL positioning method is more suitable.
Proposal 4: Study UL positioning method for ambient IoT.
Since the ultra-low complexity of ambient IoT device, it can not support many different frequency band, one device may only be capable of operating on one band. To accommodate positioning requirement of global logistics, it is necessary to have at least one global common band for ambient IoT positioning, and both licensed or unlicensed band are feasible.  
Proposal 5: Allocate at least one global common band for ambient IoT positioning, and it can be either licensed or unlicensed band.
Considering the balance between performance and cost, backscattering device and active signal generation device should be considered in ambient IoT. As we described above, positioning is a common requirement. For a positioning device, it can be an active signal generation device to autonomously send uplink measurement signals to the gNB. In addition, identification is another important requirement in ambient IoT. For the identification device, such as lots of identification tags in a warehouse, backscattering devices can effectively reduce the cost. 
Proposal 6: Both backscattering and active signal generation devices should be considered for ambient IoT.
4 Conclusions

In this contribution, we propose the followings:
Proposal 1: Study indoor and outdoor positioning with small cell and Macro cell deployment for ambient IoT.
Observation 1: A third entity, such as relay or repeater, may be needed to forward signals between gNB and ambient IoT device.

Proposal 2: Study how relay/repeater function in positioning process for ambient IoT device.
Proposal 3: Study positioning for ambient IoT based on both Uu-like(gNB-ambient IoT device) interface and sidelink-like(UE-ambient IoT device) interface.

Proposal 4: Study UL positioning method for ambient IoT.
Proposal 5: Allocate at least one global common band for ambient IoT positioning, and it can be either licensed or unlicensed band.
Proposal 6: Both backscattering and active signal generation devices should be considered for ambient IoT.
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