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1   Introduction
In RAN plenary #97, the study item description (SID) on low-power wake-up signal (WUS) and receiver for new radio (NR) was revised with the following objectives [1]:
	· 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 share our views on low-power wake-up receiver (WUR) architectures.
2   Discussion
Wake-up receiver (WUR) is one solution to significantly reduce power consumption at the UE side via enabling an additional low-power UE receiver which, upon detection of a WUS, wakes up the UE main radio. The main benefit of introducing WUR is energy consumption reduction, battery life extension and/or downlink latency reduction. Therefore, it is expected that the power consumption of WUR is as low as possible but with acceptable sensitivity which may depend on use cases. 

[bookmark: _Toc115435559]WUR architecture should support low power consumption and acceptable sensitivity. 

Regarding coverage, we think it is important from a system perspective that the coverage is not worse than for existing Paging PDCCH. This based on the argument that battery life improvements are needed the most for cell-edge UEs, and that it is unlikely that the feature will be implemented widely if it is only applicable in the center of cells.

[bookmark: _Toc115435560]WUR architecture should strive to support similar coverage for LP-WUS as for Paging PDCCH. 

There are several possible candidates for WUS design. Receiving OFDM based signals similar to NR signal such as SSS/CSI-RS with low-power WUR is one option. Other options include multi-carrier OOK, multi-carrier FSK or multi-carrier PSK. Among these options, multi-carrier OOK is based on envelope detection and is expected to provide lower power consumption while it is expected to be higher for OFDM based receivers. The noise figure and detection performance of OFDM based receiver is expected to be better than other options.     

[bookmark: _Toc115435561]Following LP-WUR architecture options can be considered for further study 
i. [bookmark: _Toc115435562]OFDM based receiver capable of receiving OFDM based signals similar to existing NR signal(s)
ii. [bookmark: _Toc115435563]receiver capable of decoding multi-carrier OOK/FSK based LP-WUS
                                                                 
In addition to power consumption and sensitivity, other operational aspects such as suitability for operation in various NR bands and ability to handle adjacent NR transmissions with minimum guard-bands should also be considered when studying different LP-WUR architectures.

[bookmark: _Toc115435564]At least the following aspects should be considered when studying LP-WUR architectures
iii. [bookmark: _Toc115435565]Power consumption (e.g., relative to main radio).
iv. [bookmark: _Toc115435566]Noise Figure, other receiver impairments (e.g., clock accuracy/drift), and achievable detection sensitivity for different LP-WUS designs.
v. [bookmark: _Toc115435567]Suitability for operation in different NR bands.
vi. [bookmark: _Toc115435568]Ability to handle adjacent NR transmissions with minimum/no guard-bands.

[bookmark: _Toc68614629][bookmark: _Toc68614630][bookmark: _Toc68614651][bookmark: _Toc115409569]4	Conclusion
In this contribution, we share our views below for LP-WUR architecture.
Proposal 1	WUR architecture should support low power consumption and acceptable sensitivity.
Proposal 2	WUR architecture should strive to support similar coverage for LP-WUS as for Paging PDCCH.
Proposal 3	Following LP-WUR architecture options can be considered for further study
i.	OFDM based receiver capable of receiving OFDM based signals similar to existing NR signal(s)
ii.	receiver capable of decoding multi-carrier OOK/FSK based LP-WUS
Proposal 4	At least the following aspects should be considered when studying LP-WUR architectures
i.	Power consumption (e.g., relative to main radio).
ii.	Noise Figure, other receiver impairments (e.g., clock accuracy/drift), and achievable detection sensitivity for different LP-WUS designs.
iii.	Suitability for operation in different NR bands.
iv.	Ability to handle adjacent NR transmissions with minimum/no guard-bands.
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