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[bookmark: _Hlk102058846]Introduction
In RAN#94-e [1], the study item for LP-WUS has been approved for NR. In this contribution, we recommend three receiver architectures for LP-WUS applications. Each architecture with their pros and cons making them better suited for certain use cases.      
Discussions
Receiver architectures for further evaluation:
Considering the various deployment scenarios and use cases with, at times, conflicting requirements, such as better sensitivity and selectivity but low-power consumption and low complexity; interference resilience, full cell coverage but low-cost, etc., the following receiver architectures will be more suitable for different scenarios and should all be considered for low-power WUS applications.
RF envelope detection architecture (OOK):
The simple architecture of an envelope detection receiver makes it a great candidate for low-cost and low power applications. The sensitivity can be improved with front-end (FE) MEMS resonators providing passive voltage gain. Optionally, an LNA can provide additional front-end gain. In line with this simple architecture, the OOK modulation usually associated with envelope detection receivers, is easily demodulated with a simple rectifier and low power comparator. No power-hungry devices are needed, e.g., local oscillator (LO), RF mixers, frequency synthesizers, or PLLs.

However, there are a few important challenges associated with this architecture. Its less sensitivity usually prevents it from supporting full cell coverage. The absence of an LO and PLL circuits limits its operation to a single RF band. Though a high-Q resonator will also help with adjacent channel interference suppression in the RF envelope detection receiver, its generally less selectivity imposes some limitations on its ability to operate in a usually noisy cellular environment.

But, when battery life or sub-μWatt power consumption is primordial, for example in some IoT or sensor applications, RF envelope detection can be the architecture of choice.

Observation 1: While the RF envelope detection receiver suffers from challenges such as less sensitivity and selectivity, the RF envelope detection receiver is the simplest architecture with lowest power consumption which can be beneficial when battery life is primordial.

Heterodyne architecture with IF envelope detection: 
The Heterodyne architecture offers improved performance and additional features over the RF envelope detection receiver above, at the cost of higher power consumption and added complexity.
Better sensitivity and interference resilience are its key benefits. Thanks to its local oscillator, PLL and mixer circuits, it can support multiple RF bands or carrier frequencies and both OOK and FSK modulations. As an added benefit, some of the main functional blocks may come from a convenient reuse of elements of the main radio architecture. However, higher power consumption compared to the RF envelope detection receiver is a clear drawback as the increased power consumption reduces expected battery life of devices.

Observation 2: While the Heterodyne architecture offers improved sensitivity and interference resilience, the Heterodyne architecture clearly requires higher power consumption compared to the RF envelope receiver which reduces expected battery life of devices.

Zero-IF architecture with baseband envelope detection:
The Zero-IF receiver architecture provides a compromise between the RF envelope detector and the Heterodyne receiver. It supports multiple RF bands or carrier frequencies. Its power consumption level lands between that of the two prior architectures. It does not suffer from image interference or rejection issues. Similarly, to the Heterodyne variant, it supports both OOK and FSK modulation.
However, the Zero-IF receiver suffers from DC offset and flicker noise. In addition, the Zero-IF receiver still higher power consumption than the RF envelope detection receiver. 
Observation 3: While the Zero-IF receiver architecture provides a compromise between the RF envelope detector and the Heterodyne receiver, the Zero-IF receiver architecture suffers from DC offset and flicker noise with higher power consumption than the RF envelope detection receiver.
Proposal 1: Consider all of the RF envelope detection receiver, the IF envelope detection receiver and the Zero-IF receiver as candidate receivers of LP-WUS for further study and potential specification enhancement.
Summary
In this contribution, we propose low power envelope detector-based receivers. From the discussions, we made the following proposal:
Observation 1: While the RF envelope detection receiver suffers from challenges such as less sensitivity and selectivity, the RF envelope detection receiver is the simplest architecture with lowest power consumption which can be beneficial when battery life is primordial.
Observation 2: While the Heterodyne architecture offers improved sensitivity and interference resilience, the Heterodyne architecture clearly requires higher power consumption compared to the RF envelope receiver which reduces expected battery life of devices.
Observation 3: While the Zero-IF receiver architecture provides a compromise between the RF envelope detector and the Heterodyne receiver, the Zero-IF receiver architecture suffers from DC offset and flicker noise with higher power consumption than the RF envelope detection receiver.
Proposal 1: Consider the RF envelope detection receiver, the IF envelope detection receiver and the Zero-IF receiver as candidate receivers of LP-WUS for further study and potential specification enhancement.
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