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1. Introduction
Ambient IoT is a promising technology to fulfil the needs of use cases identified by 3GPP SA [1]. One of the main motivations of the SA study is that despite various LPWA technologies specified by 3GPP, there is still unmet demand for even simpler and more power efficient solutions. Specifically, battery-free and maintenance free devices with ultra-low complexity and longer life cycle are needed to address new use cases. The SA technical report 22.840 lists thirty such use cases that can be classified into four main categories as inventory, sensor, positioning, and command. 
Most of the existing wireless communication devices are powered by batteries that need to be replaced or recharged. New IoT technologies supporting battery-less devices without energy storage capability or devices with energy storage that do not need to be recharged manually are needed to address new markets.  Based on this objective, 3GPP RAN has completed a study item to investigate the feasibility of a new IoT technology which can provide complexity and power consumption orders-of-magnitude lower than existing 3GPP LPWA technologies. The RAN technical report 38.848 [2] contains the following recommendations:

	Recommendations:
It is concluded in preliminary feasibility analysis at TSG-RAN level that Ambient IoT is feasible and beneficial, and further WG-level study is recommended prior to normative work.
For the initial WG-level study of Ambient IoT
- RAN is recommended to down-select further starting from:
-	Deployment scenario 1 with Topology 1
-	Deployment scenario 2 with Topology 1
-	Deployment scenario 2 with Topology 2
-	Deployment scenario 4 with Topology 1
-	Deployment scenario 4 with Topology 3
- FR1 licensed spectrum is recommended
-	Note: selection or prioritization between FDD and FDD/TDD is to be decided
- RAN is recommended to down-select to one or more of:
-	Spectrum in-band to NR, in guard-band to LTE/NR, and in standalone band(s)




In this contribution, our views on ambient IoT for Rel-19 are provided. 

2. Discussion 
2.1. [bookmark: _Hlk110844968]Device Types
3GPP RAN and SA have identified three types of ambient IoT devices:
Device A (passive device): This device cannot independently generate an RF signal and does not have energy storage (beyond what is needed to run the device circuitry). Device A may modulate and reflect an incoming signal (i.e., backscatter). This type of device may be considered to be similar to an RFID tag in terms of complexity, and power consumption.
Device B (semi-passive device): This device is similar to Device A with the main difference being that Device B is assumed to have energy storage. The stored energy can, for example, be used to amplify the backscattered signal.
Device C (active device): Unlike device types A and B, this device can independently generate an RF signal. The main differentiating features of Device C from existing IoT devices such as NB-IoT devices are energy harvesting capability, much lower complexity, and power consumption.
Each of these devices has a unique set of advantages and can be used for differing use cases. So, we prefer that none of them are excluded from the Rel-19 study.
Proposal 1: Study includes all three device types (Device Types A, B, and C) in Rel-19.

2.2. Topologies and deployment scenarios
The four topologies included in the RAN TR are illustrated in Figure 1:
Topology 1: This topology has a direct link from the base station to the IoT device.
Topology 2: In this topology, the link from the base station to the IoT device is through an intermediate node, e.g., a relay. 
Topology 3: In this topology, the node transmitting to the IoT device and the node receiving from the IoT device are different. For example, a base station may transmit to the IoT device in the DL and a UE may receive from the IoT device in the UL. 
Topology 4: This topology is similar to topology 1 except that the direct link is between a UE and the IoT device. 

	[image: ]
	[image: ]

	[image: ]
	[image: ]


Figure 1 Ambient IoT topologies

Out of these topologies, Topology 1 is the most essential one and should be considered as the baseline. The signals and channels designed for Topology 1 can be extended to other topologies.
Topology 2 can be used for coverage extension (for example in a scenario where base station is outdoor and the IoT device is indoor). 
In topologies 1, 2, and 4, the node communicating with the IoT device should have some form of full duplex capability to support device types A and B since the node transmits an energising signal (e.g., a carrier wave) to the IoT device and simultaneously receives the backscattered signal from the IoT device. In Topology 3, however, the backscattered signal is received at an assisting node, so the base station and the assisting node do not need to have full duplex capability.  The protocol complexity, on the other hand, may increase since some coordination is needed between the base station and the assisting node.

The deployment scenarios considered in 38.848 are: 
i) Deployment scenario 1: Device indoors, base station indoors
ii) Deployment scenario 2: Device indoors, base station outdoors
iii) Deployment scenario 3: Device indoors, UE-based reader
iv) Deployment scenario 4: Device outdoors, base station outdoors
v) Deployment scenario 5: Device outdoors, UE-based reader

From the scenario/topology pairs downlisted in TR 38.848, we think deployment scenarios 1, 2, and 4 with topology 1 can be considered as baseline scenarios and should be part of Rel-19. (Note that according to 38.848, not all devices are suitable for a deployment scenario/topology pair; for example, device types A/B are not considered for deployment scenario 4 using topology 1.) The remaining deployment scenario/topology pairs are also essential for various other use cases; however, they can be considered in a later phase of Rel-19 when at least the major components of a baseline design have been fully studied.  

Proposal 2: Prioritize study of the following deployment scenarios and topologies:
· [bookmark: _Hlk151974480]Deployment scenario 1 with Topology 1
· Deployment scenario 2 with Topology 1
· Deployment scenario 4 with Topology 1

2.3. Spectrum
Ambient IoT can use licensed or the unlicensed bands. Certain restrictions such as limitations in transmit power or interference management in unlicensed bands make it not very appropriate for ambient IoT. Licensed bands offer higher reliability and service availability. FDD bands can provide better coverage due to the lower carrier frequencies and possibility for continuous transmission in each direction. Regarding in-band, guard-band, or stand-alone band; we think at least in-band should be part of Rel-19. Guard bands or stand-alone bands may be considered at a later stage once design targets and requirements are studied.
Proposal 3:  Include at least in-band, FR1 FDD licensed band for ambient IoT.

2.4. Scope 
The PHY layer and higher layer design is expected to be different for passive and active devices. Although a new redesign may be needed for passive devices to support backscattering, design for active devices may use the existing NR philosophy but should be significantly revised to support energy harvesting and reduced complexity/power consumption.
The design of the signals and channels for ambient IoT should support devices without energy storage and with lower complexity and higher power efficiency. For device A and B, PHY layer based on backscattering could be considered. In backscattering, the IoT device backscatters (reflects) and incoming signal, e.g., a carrier wave. Data can be embedded on the backscattered carrier wave using simple modulation schemes such as ASK or FSK. The device circuitry is energized by the carrier wave which enables the device receiver to perform simple receive operations. For device C, backscattering is not needed but a lean PHY layer is required to reduce complexity and power consumption. Energy harvesting should also be considered.
For ambient IoT, the MAC layer should also be redesigned to support backscattering and energy harvesting. New collision avoidance and channel access mechanisms are needed to support IoT devices with high density.
A lean protocol stack should be designed for ambient IoT devices. For example, all or some of the PDCP/RLC functionalities may not needed. RRC should be simplified significantly. 
Proposal 4: Study new PHY and higher layer protocols to support backscattering, energy harvesting, and reduced complexity/power consumption.

We think the scope of ambient IoT is quite large and the workload could be high even with a reduced scope. Therefore, we prefer to have only a study item over the full Rel-19 release so that a comprehensive study encompassing all important technical aspects can be completed. A work item phase then can commence in the next release.
Proposal 5: Only SI on ambient IoT is included for Rel-19.

Summary
In this contribution, we have discussed the scope of ambient IoT for Rel-19. The following are proposed:

Proposal 1: Study includes all three device types (Device Types A, B, and C) in Rel-19.
Proposal 2: Prioritize study of the following deployment scenarios and topologies:
· Deployment scenario 1 with Topology 1
· Deployment scenario 2 with Topology 1
· Deployment scenario 4 with Topology 1
Proposal 3:  Include at least in-band, FR1 FDD licensed band for ambient IoT.
Proposal 4: Study new PHY and higher layer protocols to support backscattering, energy harvesting, and reduced complexity/power consumption.
Proposal 5: Only SI on ambient IoT is included for Rel-19.
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