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1	Introduction
Based on the latest agreements of RAN#102 plenary meeting, an SI on Study on solutions for Ambient IoT (Internet of Things) in NR has been approved [1], with the following objectives:
	· 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.



This contribution presents our initial views on waveforms for ambient IoT applications. 
2	Physical Layer Design Considerations for Ambient IoT
Numerology – 3GPP consented to use 2nx15 kHz subcarrier spacing in May 2016, however, did not provide the specific values of n [2]. In August 2016, 3GPP specified that NR must support subcarrier spacing between 3.75 kHz (n = -2) and 480 kHz (n = 5) [3]. For a given scenario, n is determined by a number of elements, including carrier frequency, channel delay spread (cell size), phase noise, service latency demands, mobility, and spectrum constraint.
OFDM systems with several numerologies (subcarrier bandwidth and/or cyclic prefix length) multiplexed in the frequency domain only consist of subcarriers that are orthogonal to each other. Subcarriers from one numerology interfere with subcarriers from another numerology because energy seeps across the subcarrier bandwidth and is detected by subcarrier filters from the other numerology. To prevent inter-numerology interference, each numerology's transmit spectrum must be properly defined, and a guard band is required. Extended CP may be needed for bigger subcarrier spacings, depending on the channel delay spread [4].
Observation 1: For a specific network deployment and given CP overhead, channel delay spread limits n because CP duration reduces with increasing subcarrier spacing.
Observation 2: Oscillator phase noise grows with carrier frequency; hence smaller n values are unsuitable for higher frequencies. Network installations with large cells (macro sites) typically use smaller carrier frequencies, while smaller cells (micro/pico sites) use larger frequencies due to phase noise limits.
Observation 3: To meet lower latency demands, numerologies with greater subcarrier spacings can be allowed with or without expanded CP based on carrier frequency and deployment.
Observation 4: Windowing/filtering and guard band insertion are the primary methods for decreasing inter-numerology interference. A low-complexity windowing approach can efficiently decrease inter-numerology interference while requiring minimal guard band overhead.
Waveforms and Modulation – The 5G cellular network is not going to totally replace existing IoT technology. Rather, they should play a key role in the IoT connectivity context. In a nutshell, 5G will enhance these technologies to enable future applications and services. Existing technologies offer promising possibilities for IoT connectivity. However, they have disadvantages that prevent IoT complete connectivity. Bluetooth and IEEE 802.15.4 use modulation techniques with minimal energy consumption and good data rates, but lags in coverage prospect. Wi-Fi HaLow has a more complicated PHY architecture than competitors, allowing for one kilometer of coverage and higher data rates. However, the use of OFDM in the PHY necessitates a substantial expenditure of energy due to the essential precise synchronism and high PAPR. Similarly, NB-IoT experiences the same OFDM flaws. LPWANs offer affordable data rates, identical coverage to cellular networks, and minimal energy usage. These technologies lack reliability because they operate in unlicensed ISM spectrum.
[bookmark: _Hlk158729658]Considering these facts, it is clear that certain 5G networks must offer adequate coverage for ambient IoT use cases whilst adopting energy-efficient strategies. Some 5G PHY candidate waveforms must be compared for ambient IoT deployments which needs to be evaluated on certain parameters including OOB emission, energy efficiency, complexity, efficiency considering short packet transmission, and latency.

Observation 5: Certain waveform characteristics and the corresponding IoT benefits are listed below.
· Low OOB Emission – Maintains efficient spectrum usage and spectrum holes occupancy.
· Low PAPR – Endures low power consumption and enhances battery life.
· Short Packet Transmission Efficiency – Ensures low latency and can handle large number of devices.
· Low Complexity – Minimizes device costs.
· Coarse Synchronization – Minimizes device costs, endures low power consumption, and can handle large number of devices.
Proposal 1: Owing to deployment scenario and latency requirements, the numerology choice must be made keeping in mind the constraints put by phase noise and channel delay spread. For mixed numerology deployments, suitable low complexity windowing techniques must be studied to minimize inter-numerology interference.
Proposal 2: Different 5G PHY candidate waveforms must be compared for ambient IoT deployments which need to be evaluated based on the waveform characteristics parameters listed out in Observation 5.
4	Conclusions
This contribution has presented Lekha Wireless Solution’s views on ‘General Physical Layer Design Considerations for Ambient IoT Applications’. The following observations and proposals are therefore made:
Observation 1: For a specific network deployment and given CP overhead, channel delay spread limits n because CP duration reduces with increasing subcarrier spacing.
Observation 2: Oscillator phase noise grows with carrier frequency; hence smaller n values are unsuitable for higher frequencies. Network installations with large cells (macro sites) typically use smaller carrier frequencies, while smaller cells (micro/pico sites) use larger frequencies due to phase noise limits.
Observation 3: To meet lower latency demands, numerologies with greater subcarrier spacings can be allowed with or without expanded CP based on carrier frequency and deployment.
Observation 4: Windowing/filtering and guard band insertion are the primary methods for decreasing inter-numerology interference. A low-complexity windowing approach can efficiently decrease inter-numerology interference while requiring minimal guard band overhead.
Observation 5: Certain waveform characteristics and the corresponding IoT benefits are listed below.
· Low OOB Emission – Maintains efficient spectrum usage and spectrum holes occupancy.
· Low PAPR – Endures low power consumption and enhances battery life.
· Short Packet Transmission Efficiency – Ensures low latency and can handle large number of devices.
· Low Complexity – Minimizes device costs.
· Coarse Synchronization – Minimizes device costs, endures low power consumption, and can handle large number of devices.
Proposal 1: Owing to deployment scenario and latency requirements, the numerology choice must be made keeping in mind the constraints put by phase noise and channel delay spread. For mixed numerology deployments, suitable low complexity windowing techniques must be studied to minimize inter-numerology interference.
Proposal 2: Different 5G PHY candidate waveforms must be compared for ambient IoT deployments which need to be evaluated based on the waveform characteristics parameters listed out in Observation 5.
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