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Introduction
Rel-19 SID [1] on ambient IoT (A-IoT) describes the following objective for A-IoT physical layer design
	1. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR base station. 
       For Topology 2, no difference in physical layer design from Topology 1.


In this contribution, we provide our views for the discussion on general aspects of physical layer design for A-IoT including the aspects of numerologies, bandwidths, multiple access, waveform, modulation, and coding from both A-IoT DL and A-IoT UL perspectives.
[bookmark: OLE_LINK55]Discussion 
All over the general aspects of physical layer design for A-IoT, at least the following three principles should be considered:
•	The very limited peak power consumption of the Tag (i.e., A-IoT device)
•	The very low complexity of the Tag
•	The compatibility with legacy cellular device
Numerologies
A numerology for OFDM system includes the sub-carrier spacing (SCS) and cyclic prefix (CP). In general, a larger SCS in frequency domain means a shorter symbol duration in time domain. 
· Complexity issue: different numerologies can lead to varying levels of complexity in the device hardware. A simpler numerology with fewer subcarriers and larger symbol durations can reduce the complexity of the receiver design, which is beneficial for A-IoT devices that aim for ultra-low power consumption and cost efficiency.
· Power consumption: A numerology with larger subcarrier spacing typically requires a higher sampling rate, which can increase power consumption. For A-IoT devices, which may rely on energy harvesting, it is crucial to minimize power usage. Therefore, a numerology with smaller subcarrier spacing might be preferred.
· Compatibility: If 900MHz is the targeted FDD spectrum, 15kHz SCS is more compatible with legacy wireless system deployed at 900MHz (e.g., NB-IoT, 4G)
[bookmark: p1]Proposal 1: Study numerology of 15kHz for A-IoT system if FDD 900MHz is targeted
[bookmark: OLE_LINK104]Bandwidths
The bandwidth for A-IoT system may depend on the following factors:
· The lower bound limited by the required data rate
· The upper bound limited by the available spectrum
· The available spectrum further related to the spectrum deployment, i.e., in-band to NR, in guard-band to LTE/NR, in standalone band(s).
[bookmark: o1]Observation 1: The required data rate and available spectrum under different spectrum deployments have impact on the bandwidth configuration for A-IoT system.
[bookmark: p2]Proposal 2: The bandwidth of 180kHz could be a starting point for A-IoT system
· FFS larger bandwidth, e.g., X MHz
Multiple/random access
For legacy RFID system (i.e., Gen 2 UHF RFID [3]), slotted ALOHA algorithm is used for determining the multiple or random access of Tags, where multiple Tags start transmission in a TDM manner. TDM enjoys a simplified complexity while also have a lower spectrum efficiency. Considering this point, other multiplexing method like FDM could be considered as an enhancement for A-IoT system.
[bookmark: p3]Proposal 3: TDM scheme could be a starting point for A-IoT system, and FFS others, e.g., FDM.
Additionally, a TDM system will also impose high requirement on the synchronization performance. For A-IoT system, considering an initial sampling frequency offset (SFO) could be up to 105 ppm due to the extreme low complexity and power consumption of a passive Tag, the performance of a TDM A-IoT UL transmission could be impacted.
[bookmark: o2]Observation 2: The initial SFO could impact the performance of TDM A-IoT UL transmissions.
[bookmark: p4]Proposal 4: Study the impact of initial SFO on the TDM A-IoT UL transmissions.
Waveform
The following links could be considered for the waveform design of a A-IoT system.
The waveform design for A-IoT should at least consider the following links
· Carrier wave link
· A-IoT DL
· A-IoT UL
A carrier wave (CW) link is used for providing a carrier wave for backscattering at Tag and providing energy for Tag. In legacy RFID (e.g., Gen2 UHF RFID [3]) as copied below, the CW is an unmodulated RF carrier providing by an interrogator. After that, the Tag can communicate to the Interrogator by backscattering the incoming RF modulated RF carrier with a specific modulation (e.g., ASK or PSK) and coding scheme (e.g., FM0 or Miller).
The unmodulated RF carrier for backscattering has the following benefit:
· High efficiency as a signal for energy harvesting
· Low complexity as a signal for backscattering
Additionally, regarding whether the CW should be providing on a single tone or multiple tones, it may depend on the complexity and capability. From our perspective, a single tone CW could be baseline. Multi-tone CW can benefit from frequency diversity, but self-interference and inter-carrier interference present a greater challenge for cancellation.
[bookmark: p5]Proposal 5: for A-IoT CW link, an unmodulated RF signal on a single tone could be studied as a starting point
· FFS whether/how the carrier wave can be provided on multiple tones
For A-IoT DL, considering the compatibility of legacy cellular system (BS or UE), the OFDM waveform can be considered. Additionally, considering the issue of complexity, the OFDM transmitter could be operated with the OOK modulation scheme.
[bookmark: p6]Proposal 6: For A-IoT DL, the OFDM waveform could be studied.
For A-IoT UL, the backscattering tech is considered at least for the passive tag, which cannot generate an A-IoT UL transmission internally. In this case, a backscatter could be considered. While for the active Tag, which can generate an A-IoT UL transmission internally, some enhancements could be considered. For example, a OOK with an on-duration sequence can be considered for achieving higher system efficiency.
[bookmark: p7]Proposal 7: For A-IoT UL, backscattering could be studied for the tag cannot generate A-IoT UL transmission internally. 
[bookmark: p8]Proposal 8: For A-IoT UL, OOK with an on-duration sequence could be studied for the tag can generate A-IoT UL transmission internally.
Modulation
OOK is one of the most simplified modulation schemes, which enjoy a low complexity and low power consumption and thus satisfies the objectives of A-IoT system: extremely low peak power consumption and complexity.
[bookmark: p9]Proposal 9: For A-IoT, both OOK-1 and OOK-4 can be studied
· FFS the value of M for OOK-4
Channel coding
The choice of the channel coding scheme for A-IoT should consider various factor like complexity, peak power consumption, performance of error detection/correction, and potential energy harvesting efficiency. Among different channel coding schemes, Manchester coding could streamline OOK demodulation. This suggestion is underpinned by the inherent synchronization and error detection capabilities of Manchester coding, which could enhance the efficiency of OOK signal interpretation. 
[bookmark: o3]Observation 3: the considerations on complexity, peak power consumption, performance of error detection/correction, and potential energy harvesting efficiency could impact the choice of channel coding scheme for A-IOT system.
[bookmark: p10]Proposal 10: Manchester coding could be considered as a starting point for the low-end A-IoT tags, and FFS others, e.g., simple FEC coding for high-end A-IoT tags.
Conclusion
Observation 1: The required data rate and available spectrum under different spectrum deployments have impact on the bandwidth configuration for A-IoT system.
Observation 2: The initial SFO could impact the performance of TDM A-IoT UL transmissions.
Observation 3: the considerations on complexity, peak power consumption, performance of error detection/correction, and potential energy harvesting efficiency could impact the choice of channel coding scheme for A-IOT system.
Proposal 1: Study numerology of 15kHz for A-IoT system if FDD 900MHz is targeted
Proposal 2: The bandwidth of 180kHz could be a starting point for A-IoT system
· FFS larger bandwidth, e.g., X MHz
Proposal 3: TDM scheme could be a starting point for A-IoT system, and FFS others, e.g., FDM.
Proposal 4: Study the impact of initial SFO on the TDM A-IoT UL transmissions.
Proposal 5: for A-IoT CW link, an unmodulated RF signal on a single tone could be studied as a starting point
· FFS whether/how the carrier wave can be provided on multiple tones
Proposal 6: For A-IoT DL, the OFDM waveform could be studied.
Proposal 7: For A-IoT UL, backscattering could be studied for the tag cannot generate A-IoT UL transmission internally. 
Proposal 8: For A-IoT UL, OOK with an on-duration sequence could be studied for the tag can generate A-IoT UL transmission internally.
Proposal 9: For A-IoT, both OOK-1 and OOK-4 can be studied
· FFS the value of M for OOK-4
Proposal 10: Manchester coding could be considered as a starting point for the low-end A-IoT tags, and FFS others, e.g., simple FEC coding for high-end A-IoT tags.
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