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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. 



In this contribution we address objective one and discuss the use-cases that benefit most from using a low-power wake-up signal and receiver. We also address evaluation methodology and KPIs necessary when introducing low-power receiver and signal. We also discuss existing power saving mechanisms that can be used as a reference when analysing low-power signal and receiver performance.
2 Evaluation methodology
Use cases – Energy efficiency is one of the key design requirements for IoT type applications since many devices have limited energy resources both due to their small size and their possible locations. In this type of application, the traffic is very low and therefore the cost of idle channel listening is dominant. Even without using low-power WUR we can reach very low power consumption if we just allow the devices to duty cycle and sleep for long-enough periods of time, for instance by configuring it with long DRX or eDRX. This, however, inevitably leads to proportionally longer wake-up delays and devices become less reachable. In time critical applications, such delays cannot be tolerated and achievable reduction in power consumption becomes limited. By using ultra-low power WUR, we can largely reduce this limitation and save significant power also in IoT use-cases with tight wake-up delay requirements. In applications where the device has tight wake-up delay requirement, but the traffic is relatively high, the main receiver needs to be woken up very often to receive or transmit the actual data. In these types of applications, the energy saving from using a low-power WUR is very limited. 
Proposal 1 – Support to target low-power WUS/WUR for power-sensitive, low-traffic, small form factor devices such as RedCap devices addressing IoT use cases (such as industrial sensors, controllers) and wearables where delay requirement or device reachability in time is short. 

Power consumption. Low-power low-complexity design of a low-power WUR typically leads to a higher noise figure and degraded sensitivity, compared to the main receiver. Depending on the low-power WUR architecture, the level of power consumption vs noise figure and sensitivity can vary [2][3]. This directly affects the power consumption at the UE. The sensitivity can affect the required WUS transmit power and hence the power consumption at the network. To be able to study the power saving gain when using a low-power WUR and WUS, a new power model reflecting these characteristics of low-power WUR needs to be included to the list of power models. The power consumption of the LP-WUR will depend on the LP-WUR architecture.
Observation 1 – When designing a low-power WUR, there is a trade-off between WUR power consumption and its level of noise figure and sensitivity.
Proposal 2 – Update the NR power model and include low-power WUR characteristics in terms of power consumption and transition times.
Proposal 3 – The power model for LP-WUR should cater for different LP-WUR architectures.

Coverage. The sensitivity of the LP-WUR directly affects the coverage of LP-WUS. The LP-WUS coverage target should be based on the coverage analysed in the Rel-17 coverage enhancements SI. Since it was agreed in RANP#97e that LP-WUS does not need to support NB-IoT / eMTC, the coverage target of LP-WUS is less aggressive than 164dB MCL. If LP-WUS cannot be supported in the whole cell, RAN1 should consider fallback mechanisms for UEs that are out of coverage of the LP-WUS.
Proposal 4 – LP-WUS coverage target is based on the coverage analysed in the Rel-17 coverage enhancements SI.
Proposal 5 – RAN1 considers fallback mechanisms for UEs that are out of coverage of the LP-WUS.

Other aspects. When evaluating power saving gains, in addition to taking into account WUR characteristics, assumptions related to latency and mobility need to be included in performance evaluation assumption. Additionally, probabilities of low-power WUS miss-detection and false-alarm are also important parameters as they directly influence the reliability. When setting the requirement and assumptions for low-power WUR and WUS performance evaluation, requirements for these two error probabilities need to also be included.
Proposal 6 – Update performance evaluation assumption and include latency, coverage and mobility requirement as well as requirements on low-power WUS probabilities of miss-detection and false-alarm into list of assumptions.
3 Baseline power saving mechanisms
Power saving resulting from using low-power WUR and WUS needs to be compared to a reference power saving mechanism. As discussed earlier the use of low-power WUR is mainly beneficial for RedCap/IoT type use-cases with low traffic and short wake-up requirements. The baseline/reference power saving mechanism should be selected from the ones that are available for RedCap devices. 
Proposal 7 – LP-WUS power saving performance is compared against reference power saving mechanisms that are applicable to RedCap devices.

4 Conclusion
This document has considered the evaluation methodology for LP-WUS.
The following observation is made:
Observation 1 – When designing a low-power WUR, there is a trade-off between WUR power consumption and its level of noise figure and sensitivity.

The following proposals are made:
Proposal 1 – Support to target low-power WUS/WUR for power-sensitive, low-traffic, small form factor devices such as RedCap devices addressing IoT use cases (such as industrial sensors, controllers) and wearables where delay requirement or device reachability in time is short. 
Proposal 2 – Update the NR power model and include low-power WUR characteristics in terms of power consumption and transition times.
Proposal 3 – The power model for LP-WUR should cater for different LP-WUR architectures.
Proposal 4 – LP-WUS coverage target is based on the coverage analysed in the Rel-17 coverage enhancements SI.
Proposal 5 – RAN1 considers fallback mechanisms for UEs that are out of coverage of the LP-WUS.
Proposal 6 – Update performance evaluation assumption and include latency, coverage and mobility requirement as well as requirements on low-power WUS probabilities of miss-detection and false-alarm into list of assumptions.
Proposal 7 – LP-WUS power saving performance is compared against reference power saving mechanisms that are applicable to RedCap devices.
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