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1. Introduction
At the RAN1 #112, the following was agreed [1].

	[bookmark: _Hlk83990316]Agreement
Study the parallel receiver architectures (as examples that can be captured in the TR) for FSK based on the following diagrams:
· Parallel homodyne architecture receiver
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· The observations made for homodyne/zero-IF architecture with baseband envelope detection in RAN1#110b/111 are also applicable here.
· Parallel heterodyne architecture receiver
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· The observations made for heterodyne architecture with IF envelope detection in RAN1#110b/111 are also applicable here.
· Note: Other architectures are not precluded.
· The OOK receiver architectures agreed for study in RAN1#110bis-e are also examples that can be captured in the TR

Agreement
Study the receiver architectures (as examples that can be captured in the TR) for FSK with frequency to amplitude conversion based on the following diagrams:
· Homodyne architecture receiver with frequency to amplitude conversion
· I/Q branches are required for frequency to amplitude conversion in digital BB.
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· Heterodyne architecture receiver with frequency to amplitude conversion
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· Companies provide the exact type FFS what type(s) of frequency to amplitude conversion being is studied.
· Note: Other architectures are not precluded.

Agreement
For OFDMA-based signals/channels, study the receiver architectures based on the following diagrams:
· I/Q branches are required for digital BB processing.
· Digital BB processing may or may not include FFT (companies to provide details on how).
· For sequence-based OFDM signals/channels, digital BB processing includes sequence correlation in either time domain (without FFT) or frequency domain (after FFT).
· Proponent companies should at least provide details on power consumption reduction compared to the MR regarding the RF and digital BB processing.
· Companies are encouraged to provide the break-down for the components.
· The potential power reduction compared to the main radio may come from e.g.:
· Lower performance LNA/amplifier
· Oscillator/PLL with relaxed performance requirements
· ADC with lower sampling rate and smaller bit-width
· Reduced BB processing complexity compared to the MR
· Companies are encouraged to provide the performance analysis corresponding to the considered power consumption considering the impact of e.g. phase noise, I/Q mismatch.
· Companies to report whether the LP WUR is assumed to share components with MR. In case of component sharing, the potential impact on the MR ultra-deep sleep state should be considered.
· Companies to report the possible number of information bits
· In addition, companies should consider the power consumption in the OFF state and the transition energy.
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Agreement
For the study on LP WUR architecture, power consumption relative to the deep sleep state of the MR is provided.
· Deep sleep state of non-RedCap UE should be assumed



In this contribution, we provide our views on low power WUS receiver architectures.

2. Discussion
There is no agreement on target coverage of LP-WUS. Since different LP-WUR architectures and corresponding signal design provide different coverage performance, they should be selected considering reasonable coverage of LP-WUS.
One possible way is to aim at the same coverage performance as one for NR. In Rel-17 SI on NR coverage enhancements, potential bottleneck channels were identified for different deployment scenarios. According to the study, in most of deployment scenarios, PUSCH is the potential bottleneck. Therefore, it is most straightforward to assume PUSCH as LP-WUS target coverage (Alt.1). 
On the other hand, since LP-WUS/WUR is motivated for ultra-low power consumption, LP-WUS coverage performance would be quite limited. In the sense, Alt.1 may be too challenging, and target coverage needs to be carefully studied based on the study outcome of LP-WUR architectures. If target coverage of LP-WUS is too severe, power saving gain from this SI would be restricted as well. Thus, another alternative is to assume limited LP-WUS coverage compared with NR coverage (Alt.2). 

Observation 1: The target coverage of LP-WUS should be clarified for further discussion

Another important aspect is the flexibility of LP-WUS resource allocation. We agreed that no devices were precluded even for eMBB use cases. In the sense, in this SI stage, it is natural to assume the support of multiple-band operation. However, it is still unclear to support more flexible operation, e.g., whether/how to support in-band and/or out-of-band deployments (e.g., guard-band and/or standalone). Although the bandwidth of LP-WUS (e.g., 5 or 20MHz at maximum) is still under discussion, it may be very challenging to support out-of-band deployments. However, at least in-band operation of LP-WUS and its flexibility should be further studied.
In addition, such flexibility would increase the cost and complexity of the LP-WUR. Since LP-WUS/WUR may provide higher UE power saving gain, it may be very attractive for many of IoT applications, and the cost/complexity is one of important aspects to study further. Thus, how to estimate cost/complexity and define reasonable performance KPIs needs to be further studied for LP-WUR.

Proposal 1: Study the flexibility of multiple-band operation for LP-WUS while keeping the reasonable cost/complexity of LP WUR.

In RAN1#112-e, de-prioritization of RF Envelop detector (RF ED) was discussed. There seems to be common understanding that RF ED provides quite low power consumption by sacrificing e.g., sensitivity and interference rejection capability. In the sense, it may be too challenging to support RF ED at least for typical scenarios. However, design target of LP-WUS is still not clear. For example, if restricted operation of LP-WUS is assumed (e.g., LP-WUS only offers quite limited coverage, and it may mean interference rejection does not needed), RF ED may be easily applied only for the certain scenarios.
Basically, we are generally fine to deprioritize RF ED architecture considering quite limited time budget, since we prefer to support full NR coverage and multiple band operation for LP-WUS. However, it is better to clarify such design target of LP-WUS before the de-prioritization of LP-WUR architectures.

Proposal 2: LP-WUS deployment scenarios (e.g., target coverage, necessity of interference rejection, and multiple-band operation) should be clarified for further de-prioritization of LP-WUR architecture

For further investigation of LP-WUR architecture, it is better to clarify adjacent channel selectivity (ACS) requirements. Based on RAN4 LS [2], it is reasonable that ACS values from current UE specifications can be used as a starting point for further discussion. 

Proposal 3: The existing ACS requirement should be reused as a start point for further LP-WUR performance evaluation.

3. Conclusion
In this contribution, the low power WUS receiver was discussed. Based on the discussion, the following observations and proposals were made.

Observation 1: The target coverage of LP-WUS should be clarified for further discussion
Proposal 1: Study the flexibility of multiple-band operation for LP-WUS while keeping the reasonable cost/complexity of LP WUR.
Proposal 2: LP-WUS deployment scenarios (e.g., target coverage, necessity of interference rejection, and multiple-band operation) should be clarified for further de-prioritization of LP-WUR architecture
Proposal 3: The existing ACS requirement should be reused as a start point for further LP-WUR performance evaluation.
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