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Introduction
In Rel-18, a study item was approved for low-power wake-up signal and receiver for NR (WID in RP-222644 [1]), and it includes the following objectives.
	· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 



In this contribution, we focus on low-power wake-up receiver (LP WUR) architectures.
LP WUR architectures
In RAN1#110bis-e, a few receiver architectures have been agreed to be studied further for LP WUR, which can be used at least for OOK or adapted for FSK.
Agreement
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.

It was also discussed in RAN1#110bis-e whether to study OFDM-based receiver, without any agreements. The main concern against OFDM-based receiver was the relatively higher power consumption compared to OOK/FSK-based receiver, due to the higher requirements on frequency/phase accuracy which leads to higher power consumption. However, in our companion contribution [2], our preliminary evaluation results show that the power saving gain is not sensitive to the power consumption of LP WUR, as long as it is sufficiently low (e.g. 10 mW or less). Therefore, OFDM-based receiver architecture should be also studied, because it has the potential benefit of reusing (part of ) the existing MR receiver architecture, reusing legacy NR signals, and may be better at satisfying existing ACS requirements and more efficiently multiplexing with existing NR signals.
For OFDM-based receiver, either the heterodyne architecture or the homodyne/zero-IF architecture can be considered.
Observation 1: OFDM-based receiver architecture has the potential benefit of maximally reusing the existing MR receiver architecture, reusing legacy NR signals, and may be better at satisfying existing ACS requirements and more efficiently multiplexing with existing NR signals.
Proposal 1: OFDM-based receiver architecture, based on the heterodyne architecture or the homodyne/zero-IF architecture, is further studied for LP-WUR.
For the 3 types of receiver architectures agreed to be studied, we think the architecture with RF envelope detection can be deprioritized.
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There are a few major drawbacks with this architecture:
· Difficulty to achieve good interference rejection performance
· In this architecture, the interference rejection can only be done through the high-Q matching network and/or RF BPF. Given that this is done at RF frequency, and the bandwidth of the bandpass corresponds to the bandwidth of the WUS itself, this would result in an extremely high Q. For example, if the carrier frequency is 4 GHz and the WUS bandwidth is 4 MHz, the Q factor is 1000. It would be either impractical to build such a high-Q filter or extremely expensive, and it requires off-chip components.
· Difficulty in the support of multiple bands or different carriers within a band
· Making the filter tunable on top of the high-Q requirements is even more challenging. This means that multiple filters may need to be built.
· The performance is very sensitive to the interference within the WUS bandwidth, e.g. inter-cell interference.
· Poor sensitivity compared to other receiver architectures
Due to these reasons, we propose to deprioritize the study based on this architecture even though it can achieve very low power consumption.
Proposal 2: De-prioritize the study on the architecture with RF envelope detection.
Comparing the heterodyne architecture and the homodyne/zero-IF architecture, a high-level comparison is summarized in Table 1.
	
	heterodyne architecture
	homodyne/zero-IF architecture

	Interference rejection
	IF BPF
	BB LPF/BPF

	Power consumption
	Relatively higher
	Relatively lower

	
	Image rejection needed
	Flicker (1/f) noise

	Tunable band/carrier
	Achieved by tunable LO. There could be multiple LOs to cover different frequency bands to achieve lower power consumption.



For OFDM-based receiver, as mentioned earlier, it can be based on either heterodyne architecture or the homodyne/zero-IF architecture. In terms of how to reduce the power consumption compared to the MR, the following possibilities can be considered:
· Lower performance LNA/amplifier (e.g. lower power consumption with lower gain and/or higher noise figure)
· Lower performance oscillator, the buffer amplifier and PLL
· Lower power ADC (e.g. smaller bit width and possibly lower sampling rate with smaller bandwidth WUS)
We had a very preliminary analysis that showed it is possible to achieve up to 90% power reduction compared to MR by largely reusing the existing MR architecture, with the cost of up to 20dB increase in noise figure. We expect that further improvement can be achieved by looking into the optimization further.
Coordination with RAN4
In the SID, the WUR architecture and WUS design study is tasked to both RAN1 and RAN4, and RAN4 will start their work in 2023Q1. Therefore, it would be good for RAN1 to send an LS to RAN4 on the investigation so far by the end of this meeting, so that RAN4 can use it as the starting point.
RAN1 could simply send RAN4 a collective list of agreements. But to make the LS more informative, it would be good for us to emphasize which aspects we would like RAN4 to look into specifically. One issue that has always been a RAN4 expertise area is the ACS, so it would be good if we explicitly ask RAN4 to investigate. This by no means implies that RAN4 should not study other aspects.
Proposal 3: Send an LS to RAN4 including a list of RAN1 agreements on the WUR architecture [and WUS design] with the following:
· RAN1 kindly asks RAN4 to study the potential impact of the WUR architectures on various RAN4 related procedures and requirements, including ACS.
Conclusion
In contribution, we have discussed LP WUR architectures based on RAN1#110bis-e agreements/discussions, and have the following proposals:
Observation 1: OFDM-based receiver architecture has the potential benefit of maximally reusing the existing MR receiver architecture, reusing legacy NR signals, and may be better at satisfying existing ACS requirements and more efficiently multiplexing with existing NR signals.
Proposal 1: OFDM-based receiver architecture, based on the heterodyne architecture or the homodyne/zero-IF architecture, is further studied for LP-WUR.
Proposal 2: De-prioritize the study on the architecture with RF envelope detection.
Proposal 3: Send an LS to RAN4 including a list of RAN1 agreements on the WUR architecture [and WUS design] with the following:
· RAN1 kindly asks RAN4 to study the potential impact of the WUR architectures on various RAN4 related procedures and requirements, including ACS.
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