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1. Introduction
In RAN1 #111 meeting, one LS [1] on low-power wake-up receiver architectures was sent to RAN4 as below excerpt:

[image: image1.png]RANI kindly asks RAN4 to take RAN1 agreements into account, study at least the LP WUR architectures that RAN1
identifies and provide feedback, potentially considering the aspects including but not limited to: -

The reasonable assumption on adjacent channel selectivity (ACS) for the study and the impact on the LP WUR
architectures and signal design -
The impact of adjacent subcarrier interference suppression/rejection on the LP WUR architectures if LP WUS is
multiplexed with other signals/channels in frequency, including e.g. -
o The necessity of guard band (if needed, the minimum guard band) between LP WUS subcarriers and
adjacent subcarriers -
o Whether it is feasible to have LP WUS location flexible within the carrier
The feasible noise figure(s) for each type of LP WUR architectures -
Impact, if any, LP-WUS transmission on existing gNB emissions/compliance requirements -
The potential RF impairments to be considered include e.g. timing error, frequency error, image impact, LO
leakage (DC offset) and flicker (1/f) noise -
Whether certain LP WUR architectures can support multi-band capability -
Note: RAN1 may or may not identify further architecture(s) for the study. -




To ask RAN4 evaluate the impact of LP WUS architectures to RF receiver performance. In this contribution, we discuss the RF performance based on LP WUS architectures RAN1provided. 
2.  Discussion
From the appendix of the LS, RAN1 mainly consider OOK and FSK modulations for low-power wake-up signalling to reduce the power consumption of the wake-up receiver. The advantage of OOK and FSK modulations can be demodulated by both non-coherent and coherent demodulation. The non-coherent demodulation of OOK and FSK modulations have the major advantage of not requiring a precise local oscillator compared to coherent demodulation, since phase doesn’t need to be tracked. Therefore, RAN1 study the following three types of receiver architectures for LP-WUR with envelope detection:
· Architecture with RF envelope detection
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· Heterodyne architecture with IF envelope detection
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· Homodyne/zero-IF architecture with baseband envelope detection
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RAN1 has analysed the pros and cons of each architecture:
	WUS architecture
	Power consumption
	Interference rejection
	Sensitivity

	RF envelope detection
	best 
	worst
	worst

	Heterodyne architecture with IF envelope detection
	worst
	best
	best

	Homodyne/zero-IF architecture with baseband envelope detection
	medium
	medium
	medium


From RAN4 perspective, the RF requirements for LP WUS receiver should be implementation agnostic. Therefore, we should first consider RF requirements from the common demands of these architectures. 
The aforementioned three types of receiver architectures all adopt:

· High-Q matching network to suppress adjacent channel interference or interference from legacy NR signals and/or other LP WUS on adjacent subcarriers. High Q matching network will introduce larger insertion loss, it will cause larger noise figure.
· Envelope detection, i.e., RF envelope detection, IF envelope detection and baseband envelope detection. RAN4 should analysis the performance of envelope detection compared to coherent demodulation, i.e., envelope detection need higher SNR due to non-linear of diode.
Therefore, RAN4 need study whether the sensitivity for LP WUS receiver need relax compared to main Rx chain. And how to compromise the NF, SNR and BW of the wake-up signalling, based on the equation of sensitivity:
REFSENs=-174dBm/Hz +10logBW+NF +SNR
Proposal 1: the RF requirements for LP WUS receiver should be implementation agnostic.
Proposal 2: RAN4 should first consider define the NF and SNR based on the common impact of High-Q matching network and Envelope detection from the different LP WUS architectures.

In addition, different LP WUS architectures have different disadvantages, i.e.,

· Architecture RF envelope detection with poor adjacent channel selectivity in RF part requests more steep filtering of digital filter in baseband or need relax the requirements of ACS.
· Heterodyne architecture with IF envelope detection may need further relax the SNR due to image impact.

· Homodyne/zero-IF architecture with baseband envelope detection may need further relax the SNR due to DC offset and flicker noise.

Proposal 3: RAN4 need further consider the different impact factors from the different LP WUS architectures, then define one requirements.
Proposal 4: RAN4 need further confirm the number of LP WUS receivers, i.e., 1Rx or 2Rx.
3. Conclusion

In this contribution, we discussed the impact from the different LP WUS architectures and proposed:
Proposal 1: the RF requirements for LP WUS receiver should be implementation agnostic.

Proposal 2: RAN4 should first consider define the NF and SNR based on the common impact of High-Q matching network and Envelope detection from the different LP WUS architectures.

Proposal 3: RAN4 need further consider the different impact factors from the different LP WUS architectures, then define one requirements.

Proposal 4: RAN4 need further confirm the number of LP WUS receivers, i.e., 1Rx or 2Rx.
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