3GPP TSG RAN WG1 #116-bis			R1- 2403118
Changsha, Hunan Province, China, April 15th – 19th, 2024

Agenda Item:	9.4.1.2
Source: 	LG Electronics
Title: 	Discussion on Ambient IoT device architectures
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
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
	Agreement (RAN1#116)
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.
· 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.



	As of RAN#103, there has been an update on the definition of Device 2 (both DL and/or UL amplification) and the SID was revised accordingly [1]. So, the agreement above on terminologies of devices 2a and 2b need to be updated accordingly.
Proposal 1: Update the agreement in RAN1#116 on terminologies of device 2a/2b in accordance with the revised SID.

	On device architectures, 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 the increase in complexity or energy consumption would be moderate compared to 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 supported in UHF passive RFID for Ambient IoT devices, at least for UL, ASK (incl. OOK) and PSK modulations should be studied. In our view, as FSK has also been considered as a low-power/low-complexity modulation techniques, it can also be included in the study.
Proposal 2: For AmIoT receiver architectures, study at least ASK/OOK receiver.
· FFS: FSK receiver

Proposal 3: For AmIoT (backscatter) transmitter architectures, study the following modulators:
· ASK/OOK modulator
· PSK modulator
· FSK modulator

Based on RAN plenary decision in RAN#103 on energy harvesting [4], which is “The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study”, energy harvesting aspects should be studied in RAN1. As the energy harvesting time is also related to the energy storage capacity, the evaluation assumptions on the energy storage capacity for devices 1/2a/2b need to be discussed.
Proposal 4: For RAN1 study purpose, consider RF energy harvesting time and its impact on device availability.

Proposal 5: Include in the study the case where different device types have different energy storage sizes.
· FFS: different energy storage sizes for the same device type
· FFS: assumption on the energy storage sizes for each device type/capability

[bookmark: _GoBack]Recent study in IEEE P802.11 on AMP IoT devices in WLAN reveals that for a device that has the capability of power storage and can work using the RF power that is harvested and stored, the minimum received RF power can be relaxed to -30dBm. Based on the reasoning that this area is not fast evolving, we can take this result as a starting point for further discussion. We may also further check if the RF energy harvesting threshold can be different between device types.
Proposal 6: For AmIoT study, assume RF energy harvesting sensitivity of [-30] dBm for all device types (1/2a/2b).
· FFS: if the RF energy harvesting sensitivity can be different depending device types

For AmIoT devices, if the frequency selectivity can be improved, device multiplexing capacity can be greatly improved by using FDMA also in D2R reducing the overall latency for an inventory round. As companies have different understanding on feasibilities of RF BPF, BB filter, antenna selectivity, etc., at least for some device types, we propose to study whether/how to improve the frequency selectivity.
Proposal 7: Study whether/how to improve frequency selectivity of AmIoT device, e.g., feasibility of RF BPF, BB filter, antenna selectivity, etc.

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

Proposal 1: Update the agreement in RAN1#116 on terminologies of device 2a/2b in accordance with the revised SID.
Proposal 2: For AmIoT receiver architectures, study at least ASK/OOK receiver.
· FFS: FSK receiver
Proposal 3: For AmIoT (backscatter) transmitter architectures, study the following modulators:
· ASK/OOK modulator
· PSK modulator
· FSK modulator
Proposal 4: For RAN1 study purpose, consider RF energy harvesting time and its impact on device availability.
Proposal 5: Include in the study the case where different device types have different energy storage sizes.
· FFS: different energy storage sizes for the same device type
· FFS: assumption on the energy storage sizes for each device type/capability
Proposal 6: For AmIoT study, assume RF energy harvesting sensitivity of [30] dBm for all device types (1/2a/2b).
· FFS: if the RF energy harvesting sensitivity can be different depending device types
Proposal 7: Study whether/how to improve frequency selectivity of AmIoT device, e.g., feasibility of RF BPF, BB filter, antenna selectivity, etc.
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