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1. [bookmark: _Ref87036880]Introduction
	The Re1-19 SI on solutions for Ambient IoT was approved in RAN#102 meeting. The SI objective relevant to this agenda item is as follows [1].
	4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
…
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.
…



2. Discussion
	In this contribution, we present our views on Ambient IoT device architectures.

2.1. Ambient IoT device architectures
	The study on Ambient IoT device architectures should be as prescribed in the General Scope of the SID [1]. The part that is related to the discussion on the device architectures is copied below for convenience.
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.
It is noted that from the perspective of device architectures, both device types (i/ii) have internal energy storages, local oscillators for clock generation, and support backscattered UL transmissions. On top of that, device type ii has DL/UL amplifier and may also have an internal UL signal generator perhaps based on device capability. For details of those components mentioned above in device types i and ii, or for the other components that are not mentioned in the SID, we may refer to either LP-WUS study results (only for downlink) or device architectures of other systems with similar device characteristics (e.g., UHF passive RFID).
	In TR 38.869 [2], study results on low-power receiver architectures for LP-WUS are described. The low-power receiver architectures for three waveform types, that is ASK (incl. OOK), FSK, and OFDMA, were studied among which of particular usefulness for Ambient IoT would be the three low-power receiver architectures for OOK waveform (listed below) as they are relatively lighter in terms of complexity and energy consumption compared to those for other waveform types (FSK and OFDMA). 
-	Architecture with RF envelope detection
-	Heterodyne architecture with IF envelope detection
-	Homodyne/zero-IF architecture with baseband envelope detection
If there is enough support, receiver architectures for FSK can also be studied with the understanding that they do not increase the complexity or energy consumption from the OOK receivers.
	Referring to the UHF passive RFID [3], for DL (also called R=>T), different types of ASK (OOK) waveforms are supported perhaps all relying on the same low-complexity/low-power receiver architectures for ASK (OOK) waveform, which is similar to the case for LP-WUR. For UL, backscattered UL transmission is supported with the waveform types selected by a Tag between ASK (OOK) and PSK. As we expect that there is no feasibility concern on supporting those components already in UHF passive RFID for Ambient IoT devices, at least for UL, PSK modulation can also be studied.

Proposal 1: For AmIoT receiver architectures, study the following:
· ASK/OOK only receiver
· ASK/OOK + FSK receiver

Proposal 2: For AmIoT (backscatter) transmitter architectures, study the following:
· ASK/OOK only transmitter
· PSK only transmitter
· ASK/OOK + PSK transmitter

Ambient IoT devices, from device architecture point of view, may consist of several essential basic building blocks or components. Of particular interest from the perspective of Ambient IoT would be those (sub-)components very specific to the Ambient IoT, such as RF energy harvester & power management block and backscatter modulator. With the study on low-power/low-complexity device architectures in general, the study on very Ambient IoT-specific (sub-)components can done in parallel.

Proposal 3: In parallel with the study on generic low-power/low-complexity device architectures, study the characteristics of the following Ambient IoT-specific (sub-)components composing the overall Ambient IoT device architectures:
· Backscatter modulator (in RF front end)
· RF energy harvester (for harvesting energy from RF signals (e.g., dedicated RF signals provided by gNB/IN or existing NR signals/channels))
· Energy storage (for storing energy from RF energy harvester) & power management block
· Memory (e.g., for storing EPC, (temporary) IDs and configuration parameters received from gNB/IN)

3. Conclusion
	In this contribution, we shared our views on Ambient IoT device architectures.

Proposal 1: For AmIoT receiver architectures, study the following:
· ASK/OOK only receiver
· ASK/OOK + FSK receiver

Proposal 2: For AmIoT (backscatter) transmitter architectures, study the following:
· ASK/OOK only transmitter
· PSK only transmitter
· ASK/OOK + PSK transmitter

Proposal 3: In parallel with the study on generic low-power/low-complexity device architectures, study the characteristics of the following Ambient IoT-specific (sub-)components composing the overall Ambient IoT device architectures:
· Backscatter modulator (in RF front end)
· RF energy harvester (for harvesting energy from RF signals (e.g., dedicated RF signals provided by gNB/IN or existing NR signals/channels))
· Energy storage (for storing energy from RF energy harvester) & power management block
· Memory (e.g., for storing EPC, (temporary) IDs and configuration parameters received from gNB/IN)
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