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Introduction
This document discusses general aspects of physical layer design for Ambient IoT (A-IoT) system.

Discussion
Functionalities of Ambient IoT device
The SID for A-IoT shows the device assumptions as follows:
	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.
· 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.



The necessary functionality of the A-IoT device is different from that of the legacy NR UE according to the limited capability and assumed use-cases. For example, legacy SIB reception and/or legacy 4-step random access procedure are not feasible and not be necessary for the A-IoT device as A-IoT device would not be able to receive/send NR signal. In addition, the amount of configurability and information to be sent are limited would also be the reasons. 

Proposal 1:	An A-IoT device does not rely on the information given by NR. A-IoT can be operatable as stand-alone despite that the operating frequency can be in-band of NR.

The following functionalities of an A-IoT device should at least be studied:
A) Power charging using radio wave
B) Synchronization
C) Reception of the data
D) Transmission of the data by reflecting the external carrier wave

A) Power charging using radio wave
Power charging using radio wave intends a kind of WPT (Wireless Power Transfer) reception i.e., the radio wave intended for power charging is received by the A-IoT device. Since its own energy storage is very limited, the A-IoT device could rely on the power supply on WPT. One possibility is that the radio wave intended for the WPT is provided by the gNB and assistance UE, in the Topology 1 and 2, respectively. The radio wave for the WPT could be in the in-band NR, guard band for NR, or outside NR spectrum. The other energy harvesting may be also used as A-IoT device implementation, but it would not be required to be specified in 3gpp.

B) Reception for the synchronization
Reception for the synchronization (B) to make the synchronization between the A-IoT device and the gNB/UE, is necessary for the data transmission/reception. One possibility is to reuse the legacy PSS/SSS, but its waveform and/or bandwidth would not be appropriate for the A-IoT device’s complexity. Therefore, new signal for synchronization dedicated for the A-IoT would be required.

C) Reception of data
The data to be received by A-IoT can be sent from the gNB (Topology 1) or the assistance UE (Topology 2).

D) Transmission of the data by reflecting the external carrier wave
The backscattered transmission at least needs to be studied according to the SID. In addition to how the backscattered modulation is applied, what carrier/signal to be received by A-IoT device is used for the backscattered also needs to be studied.

General view on the functionalities above
Regarding the above functionalities (A) – (C), used radio wave / channel / signaling may not necessarily be separate. For example, synchronization (B) may be achieved using the radio wave for (A), or vice versa. Also, reception of the data (C) may be reused for the power charging (A) or synchronization (B). Furthermore, the external carrier wave for the backscattered transmission (D) may be reused for the wireless power charging (A) or synchronization (B).

Proposal 2:	The relationship among the following functionalities of an A-IoT device should at least be studied, wherein the used radio wave / channel / signaling for these functionalities may not necessarily be separate:
A) Power charging using radio wave
B) Synchronization
C) Reception of the data
D) Transmission of the data by reflecting the external carrier wave

Deployment
Regarding the duplex in the in-band NR spectrum, the FDD would be the most likely deployment i.e., transmission of (D) and reception of (A) – (C) would occur in different spectrums. According to the SID, “Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.” Also, transmission to the A-IoT device can be in the legacy DL spectrum in order to avoid the interference with the legacy transmissions at least for the gNB in the Topology 1. In our understanding, the backscattered transmission in the UL spectrum using the external carrier wave in the DL spectrum would be feasible for the A-IoT device, considering the existing RFID technology.

Proposal 3:	The FDD deployment should at least be studied for the A-IoT system.

Waveform
The waveform used for the A-IoT system can be considered using the functionalities discussed above.

For the radio wave / channel / signaling used for the functionalities (B) – (D), OOK with overlaid OFDM sequence similar to LP-WUS looks a good starting point, considering the limited capability and energy storage of the A-IoT device.

For the radio wave for the power charging (A) and the carrier before backscattered modulation, the appropriate waveform should be studied (e.g., CW, OOK, …). Our view is the waveform should be known to the A-IoT device and intermediate node UE for better performance and forward compatibility, compared with up to implementation. For at least intermediate node UE, we think regulation would require that the waveform is specified.

Proposal 4:	For the functionalities of the synchronization and data transmission/reception, the OOK with overlaid OFDM sequence similar to LP-WUS should be a starting point for waveform study.
Proposal 5:	For the functionalities of the power charging and the carrier before backscattered modulation, the waveform should be studied.

Conclusion
Regarding functionalities of Ambient IoT device:
Proposal 1:	An A-IoT device does not rely on the information given by NR. A-IoT can be operatable as stand-alone despite that the operating frequency can be in-band of NR.
Proposal 2:	The relationship among the following functionalities of an A-IoT device should at least be studied, wherein the used radio wave / channel / signaling for these functionalities may not necessarily be separate:
A) Power charging using radio wave
B) Synchronization
C) Reception of the data
D) Transmission of the data by reflecting the external carrier wave

Regarding deployment:
Proposal 3:	The FDD deployment should at least be studied for the A-IoT system.

Regarding waveform:
Proposal 4:	For the functionalities of the synchronization and data transmission/reception, the OOK with overlaid OFDM sequence similar to LP-WUS should be a starting point for waveform study.
Proposal 5:	For the functionalities of the power charging and the carrier before backscattered modulation, the waveform should be studied.


