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[bookmark: _Hlk102058846]Introduction
In RAN#94-e [1], the study item for LP-WUS has been approved for NR. In RAN1 #110bis-e [2], for the receiver architecture, the following has been agreed.  
	Study at least the following three types of receiver architectures for LP-WUR:
· Architecture with RF envelope detection 
· Heterodyne architecture with IF envelope detection
· Homodyne/zero-IF architecture with baseband envelope detection
· Note: The details of each type of receiver architecture are discussed separately.
· Note: Above receiver architectures are considered suitable for OOK modulation. Some of the architectures 
can be applicable for other modulations such as FSK.



For the next steps of receiver architecture analysis, the following has been agreed.
	For the analysis of a receiver architecture, companies are encouraged to provide at least the following (when applicable):
· Details of the receiver 
· Receiver architecture type
· Assumed modulation/waveform/coding
· Presence of a RF LNA / IF AMP / BB AMP, and the corresponding gain, if any
· Local oscillator
· Type of oscillator and the corresponding frequency accuracy/drifting
· Handling of time/frequency impairments
· Presence of PLL or FLL
· ADC: sampling rate, bit-width
· Assumed signal bandwidth and guard band, and frequency location within a carrier (including whether it is fixed or can be flexible)
· RF/IF/BB filter characteristics (e.g. type of filter, order, cut-off frequency/frequencies), if any
· Baseband processing (e.g., sequence correlation detection / decoding, other signal processing, if any)
· Assumed frequency band(s) and the support of band and/or carrier tuning
· Duty cycle handling of WUS and other signals (if any)
· Interference rejection capability (including both adjacent-channel interference and interference from adjacent subcarriers occupied by legacy NR signals or other LP WUS)
· Handling of inter-cell interference
· Whether there is any mobility support function, e.g. measurement capability
· Performance metrics
· Power consumption during active monitoring/reception and during off state (and breakdown if possible)
· Noise figure
· Sensitivity/coverage
· Data rate
· FFS: other performance metrics for, e.g., cost/complexity, interference rejection capability and inter-cell interference handling
· Note: The performance and design of receiver architecture is expected to be dependent on WUS design. This list can be updated later when the discussion on WUS signal/procedure design (AI 9.13.3) starts.




In this contribution, we present an RF envelope detection-based low-power wake-up receiver architecture.      
Discussions

An example of RF envelope detection-based low-power wake-up receiver architecture is illustrated in Figure 1. 


Figure 1 Example a RF Envelope Detection based low-power wake-up receiver architecture.  

The main receiver components include Antenna, MEMs transformer, Rectifier (envelope detector), Comparator and Correlator. The total power consumption can be less than 100nW on 65nm CMOS. 
With an all-passive RF-FE, the receiver power consumption may not exceed a hundred nanowatts. The RF envelope detector sensitivity, though limited by a high noise bandwidth, can be improved by 20dB or more, using a high-Q transformer or MEMS resonator at the front-end. Subthreshold analog and digital logic are commonly used to achieve sub-1µW power levels. Bit-level duty cycling may further help improve sensitivity at the expense of latency.
The receiver architecture in Figure 1 is well suited for detection of OOK modulated LP-WUS. The radio signal received at the antenna undergoes passive voltage amplification through the MEMS resonator. A carefully designed matching network efficiently transfers RF energy from the output of that voltage transformer to the rectification stage. A sub-threshold envelope detector circuit recovers the (OOK) modulation that is then shaped through a low-power and low-offset comparator. The output signal is captured for baseband data processing. 

With this envelope detection based receiver architecture, RF signals are directly converted to baseband. There are no Local Oscillators (LO), RF mixers, frequency synthesizers, or Phase-Locked Loops (PLL). The RF front-end is limited by the bandwidth of the resonator. To overcome this limitation and support a wider RF bandwidth or multiple RF sub-bands, replicas of the resonator and matching network can be implemented on, preferably, the same substrate but with the resonators tuned to different frequencies. This multi-band/channel receiver architecture is shown in Figure 2.



Fig. 2 Multi-band (or channel) LP WUR Architecture

The high Q resonator will also help with adjacent channel interference suppression. Optionally, RF LNA and/or BB AMP stages can be added to increase sensitivity and reduce the noise figure. This receiver architecture is well suited for OOK modulation. 
This receiver architecture can also be applicable to support FSK modulated LP-WUS by replacing the envelope detector with an analog FM-to-AM detector. Alternatively, the FM detector can also be implemented in the digital domain.
Due to the narrow bandwidth of this receiver architecture, the maximum supported data rate is typically in the hundreds of kbps. Cell coverage tends to be limited and may not reach the same coverage of the main radio. Optional LNA and baseband amplifier will extend the coverage of LP-WUR.

Proposal 1: Consider an RF envelope detection receiver as a candidate receiver for LP-WUS.
Summary
In this contribution, we described an envelope detector-based low-power wake-up receiver. From the discussions, we made the following proposal:
Proposal 1: Consider an RF envelope detection receiver as a candidate receiver for LP-WUS.
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