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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The RAN conducted an initial study on Ambient IoT, a new 3GPP IoT technology, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The outcome of the study is captured in TR 38.848 [1]. RAN #102 agreed to start a WG level study to further assess the performance of Ambient IoT system and to develop techniques/solutions for Ambient IoT. The SID is captured in “Study on solutions for Ambient IoT (Internet of Things) in NR” [2]. The WG level study started in RAN1#116 and several agreements were made [3]. The objective of this contribution is to clarify some of the objectives/terminologies mentioned in the SID. 
2 Harmonized air interface design
The SID categorizes the Ambient IoT device based on the power consumption and capabilities and insist to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the device types. The relevant portion in SID is given below:
	General Scope
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
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 whin the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X  is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.



Based on the SID, there will be at least two device types with varying power consumption, capabilities and requirements. E.g., Device 1 with ~1 µW peak power consumption and simple backscattering capability, and Device 2 with ≤ a few hundred µW peak power consumption and capability to amplify the backscattered/transmitted signal. Further, the RAN1#116 [3] made following agreement to categorize the Ambient IoT devices. 
	[bookmark: _Hlk160462202]Agreement
For the purpose of the study, RAN1 uses the following terminologies:
· Device 1: ~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.
· [bookmark: _Hlk160534808]Device 2a: ≤ a few hundred µW peak power consumption, 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 is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, 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 is generated internally by the device.



Based on the agreement, the Ambient IoT devices are categorized into three types: Device 1 with ~1 µW peak power consumption, UL transmission is backscattered on a carrier wave provided externally, and no amplification of signals in the device. The Device 2a and Device 2b has ≤ a few hundred µW peak power consumption and can amplify signals in the device. However, the UL transmission from Device 2a is based on backscattering on a carrier wave provided externally, whereas Device 2b can generate signals for UL transmission internally. Therefore, the study and design of Ambient IoT device includes multiple device types with different power consumption and varying capabilities.
Observation 1: Study and design of Ambient IoT device includes multiple device types with different power consumption and varying capabilities.
The SID describes harmonized air interface design with minimized difference. Interpreting harmonized design, in SID, as developing unified solution for all device types without considering the constraints and capabilities of various device types is a suboptimal approach. Also, it restricts utilization of device capabilities. E.g., the techniques/solutions developed for device, with ~1 µW power consumption, should be simple and it may not have very high performance. However, the design of techniques/solutions for device, with ≤ a few hundred µW peak power consumption, can be relaxed compared to design for device, with ~1 µW power consumption. Further, the complexity and performance of the techniques/solutions for device, with ≤ a few hundred µW peak power consumption can be higher compared to techniques/solutions for device, with ~1 µW power consumption. Therefore, in study, considering only techniques/solutions satisfying the ~1 µW power consumption at the device is not the right approach. Similarly, the impact of Ambient IoT device on NR system depends on the capability of the Ambient IoT device. E.g., the interference created by a device performing backscattering without amplification, on NR is different from the interference created by device performing backscattering/transmitting with amplification. The interference created by the latter will be much higher compared to the former. Therefore, interference mitigation schemes and interference handling procedures at the reader/gNB should consider the capability/category of the device.
[bookmark: _Hlk160542090]Observation 2: Interpreting harmonized design, in SID, as developing unified solution for all device types without considering the constraints and capabilities of various device types is a suboptimal approach.
[bookmark: _Hlk160541816][bookmark: _Hlk160541878]Instead, the harmonized design should be interpreted as a baseline design which is common for all categories of Ambient IoT devices. The solutions/techniques can be designed on top of the baseline design for each device category depending on the capabilities of the device category.

[bookmark: _Hlk160547631]Proposal 1: RAN to clarify harmonized design in SID as a baseline design, which is common for all categories of Ambient IoT devices, on top of which solutions/techniques can be designed for each device category depending on the constraints and capabilities of the device category.
3 Energy harvesting and storage
[bookmark: _Hlk160544569][bookmark: _Hlk160544949]The Ambient IoT devices are power constraint devices which work based on energy harvesting. However, the extent to which the RAN WG should study the energy harvesting feature and its implications on designing solutions/techniques for Ambient IoT device is not clear in the SID. Energy harvesting has a significant role in communicating with Ambient IoT devices and in designing solutions/techniques for Ambient IoT devices. E.g., if a reader is not receiving UL signal from the Ambient IoT device, it can be because the device is out of coverage or device is not having enough energy to backscattering. These two situations must be treated separately by the reader. Always assuming enough energy at the Ambient IoT device, whenever reader communicates, is a highly optimistic and impractical approach. Also, the communication with the Ambient IoT device fails when the assumption goes wrong. On the contrary, studying in detail the energy harvesting procedure, the source of energy, etc. are beyond the scope of RAN. However, the design of solutions/techniques for Ambient IoT should consider the energy harvesting time at the device and ensure enough charge at the Ambient IoT device before communication. This is essential to ensure proper communication between reader and Ambient IoT device.
[bookmark: _Hlk160547607]Observation 3: The extent to which the RAN WG should study the energy harvesting feature at Ambient IoT device is not clear in the SID
Observation 4: Reader assuming enough energy at the Ambient IoT device, at the time of communication, is a highly optimistic and impractical approach, whereas detail study of energy harvesting procedure is beyond the scope of RAN
Proposal 2: RAN to clarify design of solutions/techniques for Ambient IoT device should consider the energy harvesting time at the device and ensure enough charge at the Ambient IoT device before communication.
4 Carrier wave 
An ambient IoT device, capable of backscattering, requires carrier wave to transmit in UL. The Ambient IoT device modulates the carrier wave based on the stored data and backscatter to the reader. The SID describes two sources/scenarios for carrier waves. In the first case carrier wave is provided from inside the topology (i.e., by the reader) and in second case the carrier wave is provided externally. The presence of carrier wave at the Ambient IoT device is essential for ensuring proper communication from Ambient IoT devices. Always assuming the presence of carrier wave at Ambient IoT device is impractical approach and can create interference to the NR system, as the carrier wave shares spectrum with NR systems. Therefore, the reader should ensure presence of carrier wave at Ambient IoT device during UL transmission to ensure efficient communication. In the case of providing carrier wave from inside the topology, both the DL and carrier wave are provided by the reader. Therefore, the reader can ensure presence of carrier wave at the Ambient IoT device for backscattering in UL. However, in case of providing carrier wave externally, the reader should control the external source of carrier wave and ensure presence of carrier wave at Ambient IoT device for backscattering in UL instant. Further, it can ensure the presence of carrier waves only when needed by the Ambient IoT device and minimize interference to other communication system sharing the same spectrum.
Observation 5: Carrier waves are essential for ensuring proper communication from Ambient IoT devices capable of backscattering.
Observation 6: Assuming that carrier wave is always present at Ambient IoT device is an impractical approach and creates interference to other communication system sharing the same spectrum.
Proposal 3: RAN to clarify the carrier wave provided is under the control of the reader.
5 Conclusion
Observation 1: Study and design of Ambient IoT device includes multiple device types with different power consumption and varying capabilities.
Observation 2: Interpreting harmonized design, in SID, as developing unified solution for all device types without considering the constraints and capabilities of various device types is a suboptimal approach.
Proposal 1: RAN to clarify harmonized design in SID as a baseline design, which is common for all categories of Ambient IoT devices, on top of which solutions/techniques can be designed for each device category depending on the constraints and capabilities of the device category.
Observation 3: The extent to which the RAN WG should study the energy harvesting feature at Ambient IoT device is not clear in the SID.
Observation 4: Reader assuming enough energy at the Ambient IoT device, at the time of communication, is a highly optimistic and impractical approach, whereas detailed study of energy harvesting procedure is beyond the scope of RAN.
Proposal 2: RAN to clarify design of solutions/techniques for Ambient IoT device should consider the energy harvesting time at the device and ensure enough charge at the Ambient IoT device before communication.
Observation 5: Carrier waves are essential for ensuring proper communication from Ambient IoT devices capable of backscattering.
Observation 6: Assuming that carrier wave is always present at Ambient IoT device is an impractical approach and creates interference to other communication system sharing the same spectrum.
Proposal 3: RAN to clarify the carrier wave provided is under the control of the reader.
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