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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The Rel-18 study item on low power wake up signal was agreed upon during the RAN#94-e and revised in RAN#97-e, where following high-lighted SID objectives were outlined to support the discussion:
· 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 contribution provides discussion into the various designs of wake up signal design and consideration on design criteria for wake up signal.
___________________________________________________________________________________
Low power wake-up radio design
The low power wake up receiver as a supplementary chip to power-on and power-off the main NR receiver might allow the main receiver to enter the ultra-deep sleep state when there is limited or no traffic activity as shown in Figure 1.  


Figure 1: LP-WUR design 
The literature shows the benefit of waveforms with OOK and FSK modulation schemes for LP-WUS transmission from gNB, which can achieve the power consumption below 1mW, while the IEEE 802.11ba adopts OFDM based OOK signal to transmit the LP-WUS. Non-coherent receiver architecture may also be used for candidate waveform of OFDM based OOK and FSK to lower the power consumption. The target data rate to be carried by LP-WUS depends on the LP-WUS field such as UE Id, paging id etc., RAN1 needs to evaluate whether such candidate waveform design could be the data rate requirement. Further the OFDM based OOK waveform carrying 1 bit per OFDM symbol or multiple bit per OFDM symbol needs to be evaluated for achieved data rate and sensitivity to carry the LP-WUS.   
The latency of waking up the main receiver to receive the PDCCH signal after successful reception of the LP-WUS in the supplementary chip should be considered as part of the evaluation KPIs. The latency impact on the paging reception delay after waking up the main receiver should also be reported. 
Proposal 1: Evaluate candidate waveform such as MC-OOK and FSK for target data rate and latency requirement for LP-WUS transmission/reception 

The power consumption of the LP-WUR should be lower than 1mW which means the sensitivity of the LP-WUR implemented the supplementary chip will be worst compared to the sensitivity of the main receiver and thus there is a coverage gap between them which is not ideal from the deployment scenarios. The coverage loss of the LP-WUR compared to the main receiver needs to be investigated and ways to do coverage recovery may be studied during the study phase. 
Proposal 2: Evaluate the relative coverage loss of the LP-WUR compared to main receiver and methods to recover the coverage loss should be studied 


Conclusion
[bookmark: _Hlk101873554]Below is the summary of proposals from our contribution 
Proposal 1: Evaluate candidate waveform such as MC-OOK and FSK for target data rate and latency requirement for LP-WUS transmission/reception 
Proposal 2: Evaluate the relative coverage loss of the LP-WUR compared to main receiver and methods to recover the coverage loss should be studied 
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