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1. Introduction
A new release 18 study item on low-power wake-up signal and receiver was approved in RANP#94e meeting and revised in RANP#97e, with 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.

This document provides some high-level views on the study of low power wake-up receiver architectures.

2. LP-WUR architecture options
2.1 High Level LP-WUR architectures
LP-WUR architectures have been studied in the literature, for example in [2]. Review papers have compared attributes of various LP-WUR architectures, based on the performance of current and past implementations. Although LP-WUR performance may improve in the future, RAN1 can draw conclusions on these previously published results.
LP-WUR architectures may be classified into three broad categories:
· Rectifier first architectures
· While these LP-WUR operate with very low power, their sensitivity is poor. The sensitivity is generally in the range of -70dBm, making this receiver architecture unsuitable for cellular systems (except in some corner cases where coverage is guaranteed to be good).
· Mixer first architectures
· These receivers can have a power consumption in the range of 100mW while achieving a sensitivity approaching -100dBm. These receivers would typically operate on an OOK or FSK-based waveform. The balance between power consumption and sensitivity for such receivers is attractive. Further study would be required to determine whether LP-WUS signals suitable for such receiver architectures would be able to support cellular requirements such as mobility and robustness to intercell interference.
· OFDM-based receiver
· These receivers have a power consumption in the range of 1mW and sensitivity better than -100dBm. Such receivers can support NB-IoT-like LP-WUS designs. Hence, such receivers should be able to support mobility (assuming there are suitable higher layer protocols in place) and be robust to intercell interference.

In the study, RAN1 should consider LP-WUR architectures at a high level, rather than consider specific details of specific designs: these are implementation issues. For example, RAN1 can consider at least rectifier-first architectures, mixer-first architectures and OFDM-based receivers.
Proposal 1: RAN1 studies LP-WUR architectures at a high level, including at least:
· Rectifier-first LP-WUR
· Mixer-first LP-WUR
· OFDM-based receiver

2.2 Characteristics of LP-WUR architectures

The study should consider some performance metrics / characteristics of the LP-WUR architectures, including:
· Power consumption
· Sensitivity at a defined data rate (e.g. 1kbps: FFS)
· Supported signal formats (including supported modulations and the compatibility of the supported signal formats with legacy NR signals)
· Robustness to co-channel interference
· Robustness to frequency offset
· Support for mobility (e.g. the ability to support different LP-WUS in different cells and the ability to perform measurements)
· Frequency bands. Whether the LP-WUR supports in-band or out-of-band LP-WUS. Consideration of whether the LP-WUR supports reconfiguration to operation at different carrier frequencies

Proposal 2: For the studied LP-WUR architectures, RAN1 should consider at least the following attributes:
· Power consumption
· Sensitivity
· Supportable signal formats, including supported modulations
· Robustness to co-channel interference
· Robustness to frequency offset
· Mobility support
· Operation at different carrier frequencies

3. Conclusion
This document has provided our high level views on the study of LP-WUR architectures. The following proposals are made:
Proposal 1: RAN1 studies LP-WUR architectures at a high level, including at least:
· Rectifier-first LP-WUR
· Mixer-first LP-WUR
· OFDM-based receiver

Proposal 2: For the studied LP-WUR architectures, RAN1 should consider at least the following attributes:
· Power consumption
· Sensitivity
· Supportable signal formats, including supported modulations
· Robustness to co-channel interference
· Robustness to frequency offset
· Mobility support
· Operation at different carrier frequencies
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