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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
The LP WUR architecture is one of the most critical factors that determines the power consumption of WUR. The WUR architecture and the corresponding power consumption highly depends on the factors such as:
· Supported bands
· Adjacent-channel interference rejection
· The WUS waveform/modulation scheme
· Coherent or non-coherent detection/decoding
· Bandwidth
· The number of Rx antennas
· Targeted receiver sensitivity
· Area/cost consideration of WUR
· Handling of RRM measurement
What band(s) to support is the first factor to consider. For NR 5G enhancements, it is unrealistic to expect a single band to be available worldwide to support LP WUS from spectrum availability point of view. Using unlicensed band, on the other hand, has reliability concern, and should not be considered as a baseline solution. Therefore, we think it is important to prioritize in-band signaling for LP WUS in this study.
Proposal 1: In-band signaling for LP WUS is prioritized in the study.
The number of supported bands and which band(s) to support have great impact on WUR architecture, power consumption, area/cost/complexity, and the performance. More components may be needed for more supported bands, and higher frequency may lead to more power consumption.
Proposal 2: The supported band(s) and its impact on WUR architecture and the corresponding power consumption should be studied.
Adjacent channel interference rejection, defined by adjacent channel selectivity (ACS) requirements in RAN4, is a critical part of performance requirements for a receiver in cellular operation, which typically has multiple service providers covering the same area and may have large adjacent channel interference. LP WUR should have sufficient ACS capability to handle such cases.
Proposal 3: WUR should provide sufficient ACS capability to handle cellular environment.
On the related WUS design that may enable LP WUR, there has been quite some work done in the literature that can be used as references. For example, a review of LP receiver was provided in [2]. According to the survey, 
· Most of the LP receivers in the literature use either On-Off Keying (OOK) or Frequency-Shift-Keying (FSK).
· Generally speaking, OOK allows even lower power consumption than FSK.
· Most of the LP receivers use non-coherent detection, in order to avoid the power hungry components to provide sufficient phase accuracy.
Based on the survey, OOK appears to be a good candidate for WUS, and envelope detection can be used to convert the signal into baseband for further processing. Generally speaking, there are 3 types of receiver architecture (as shown in Figure 1), depending on in which frequency the signal is processed or converted into:
· Type 1: RF envelope detector
· An RF envelope detector is used to convert the RF signal into baseband directly for further processing.
· There is no need for local oscillator, and it can potentially achieve very low power consumption.
· Sensitivity is relatively poor.
· Poor interference rejection on adjacent channels
· Type 2: Heterodyne architecture (low-IF)
· RF signal is down-converted to IF signal via a mixer.
· With non-coherent detection, there is no requirement on the phase accuracy of the oscillator, meaning that PLL is not needed. The requirement on the frequency accuracy of the oscillator can be potentially relaxed compared to NR main radio.
· This can enable lower power consumption for the oscillator.
· Type 3: zero-IF architecture
· RF signal is down-converted to baseband directly via a mixer.
· Filtering and signal processing is done at the baseband.
· Interference rejection is performed at baseband.
· The 3 types of architectures provide different tradeoffs among power consumption/complexity/cost, receiver sensitivity, and interference rejection capability.
· For all 3 types of architectures, LNA may be applied after the RF band filter if sensitivity needs to be improved, but it comes with the cost of higher power consumption.

[image: ]
(a) Type 1: RF envelope detector
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(b) Type 2: Heterodyne architecture (low-IF)
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(c) Type 3: zero-IF architecture
Figure 1 Different types of receiver architectures for OOK
The detail of the baseband digital processing is not shown in the architecture. It depends on how WUS is designed. E.g. if we use a similar idea as LP WUR in 802.11ba, there is a preamble followed by the WUS. The WUR needs to perform correlation to detect the preamble first, and then detection/decoding of the WUS payload. This level of details can be discussed later after more clarity on WUS design.
The above 3 types of architectures can be considered as the starting point for investigation of OOK. Among them, RF envelope detector is less attractive due to the poor receiver sensitivity and poor interference rejection capability, which can be deprioritized in our view. Type 2 and Type 3 can be further evaluated.
Proposal 4: Study OOK as one of the candidate modulation schemes for WUS.
Proposal 5: For OOK, heterodyne architecture and zero-IF architecture are considered further, while RF envelope detector can be deprioritized.
As discussed in our companion contribution [3], RRM measurement is a very important consideration factor for the WUS/WUR design. Potential RRM measurement on the LP WUR should also be taken into account in the receiver architecture discussion. This may or may not affect the high level receiver architecture, depending on the design.
Proposal 6: RRM measurement enhancements should be considered in the receiver architecture discussion.

Conclusion
In contribution, we have discussed LP WUR architectures, and have the following proposals:
Proposal 1: In-band signaling for LP WUS is prioritized in the study.
Proposal 2: The supported band(s) and its impact on WUR architecture and the corresponding power consumption should be studied.
Proposal 3: WUR should provide sufficient ACS capability to handle cellular environment.
Proposal 4: Study OOK as one of the candidate modulation schemes for WUS.
Proposal 5: For OOK, heterodyne architecture and zero-IF architecture are considered further, while RF envelope detector can be deprioritized.
Proposal 6: RRM measurement enhancements should be considered in the receiver architecture discussion.
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