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Introduction
In RAN#102, the new A-IoT Rel-19 SID [1] was approved based on the Ambient IoT RAN led study technical report [2]. The motivation of Ambient IoT is to support devices that are ultra-low cost and ultra-low power. This tdoc discusses the considerations for the evaluation assumptions and design objectives.

Harmonized air interface design
From the SID [1]: 
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
ii. ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.




The A-IoT SID has the overall objective of a harmonized air interface design, with minimal differences, for the two devices types. This harmonization would minimize network development and operation. With this in mind, device type ii should operate like a device type i (from a system point of view) but with the additional feature of signal amplification and internally generated UL transmissions. A harmonized A-IoT protocol would allow a single access method for both device types, but also take advantage of the features unique to device type ii. For example, the type ii amplification can extend the operation range and the internally generated UL transmissions could expand use cases. 

RAN1 specify a harmonized air interface and protocol design for A-IoT. 
From a BS/Intermediate node perspective, device type i and ii system access should be the same (e.g., same message sequence and modulation but not power level).

Full Duplex (Monostatic)
With full duplex (i.e., monostatic) backscattering, the BS/Intermediate node is required to transmit the CW (carrier wave) while simultaneously decoding the BS wave from the A-IoT devices. This is complex and expensive due to the large amount of carrier wave interference cancelation that is required. A legacy cellular base station or legacy UE acting as an intermediate node is unlikely to be able to support full duplex without additional hardware. In contrast, a non-full duplex (i.e., bistatic) backscattering configuration would lead to a simplified HW design, lower deployment costs, and possibly improve the coverage range of A-IoT devices. This deployment flexibility would be beneficial and should be assumed in the A-IoT design.

RAN1 specifications shall not require BS/Intermediate node to support full duplex (monostatic) backscattering.

The RAN study topologies allow devices outside the selected topology to provide the BS carrier wave [2]:

4.2.1	Connectivity topologies
In all these topologies, the Ambient IoT device may be provided with a carrier wave from other node(s) either inside or outside the topology.  
…




As per the RAN study, the CW generation for topology 1 and 2 could be done by nodes other than the BS or intermediate node. These new CW generation nodes will need to be controlled by the system and thus be in scope of 3GPP specifications.

RAN1 shall specify support for carrier wave generation from nodes outside of topology 1 and 2 but within the scope of 3GPP specifications.

Congestion
In some A-IoT use cases there would be scenarios that result in a large number of devices that need to access the system simultaneously. For example, in automated warehousing and inventory management, there could be a large number of devices, such as a truck or pallet of new devices, entering the reader zone at the same time. This sudden surge in new device registration or access can overload the system, creating high congestion. The A-IoT system design needs be able to gracefully support congestion. 

In order to measure the latency and efficiency of the A-IoT system in these situations, the RAN1 evaluation assumptions should include traffic models that contain bursty device registration or access. 

RAN1 evaluation assumptions shall include traffic models with bursty device access. 

Message Size
The maximum message size suggested in the RAN study [2] is at 1000 bits based on the SA use cases (such as sensors). In addition to these use cases, larger message sizes would be useful in device management, security messaging and device control in many other use cases.  Given this, the RAN1 evaluation assumptions should include scenarios with TB size of at least 1000bits. 

RAN1 evaluation assumptions shall include TB/message size of at least 1000bits

Energy Harvesting
Energy harvesting is a critical part of A-IoT devices and should be considered in the RAN1 evaluations and assumptions. While the source and methods of harvesting are perhaps out of scope for RAN1, RAN1 system design should include ways to support more reliable harvesting by the devices. This may include, for example, allowing time for the A-IOT device to dedicate towards energy harvesting. 

RAN1 should study ways to support more reliable energy harvesting by devices (e.g., allow time for A-IOT to dedicate towards energy harvesting)

Conclusions
1. RAN1 specify a harmonized air interface and protocol design for A-IoT. 
From a BS/Intermediate node perspective, device type i and ii system access should be the same (e.g., same message sequence and modulation but not power level).

RAN1 specifications shall not require BS/Intermediate node to support full duplex (monostatic) backscattering.
RAN1 shall specify support for carrier wave generation from nodes outside of topology 1 and 2 but within the scope of 3GPP specifications.
RAN1 evaluation assumptions shall include traffic models with bursty device access. 
RAN1 evaluation assumptions shall include TB/message size of at least 1000bits
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