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1. Introduction
At the RAN#97e, SID for low power wake-up signal (LP-WUS) and wake-up receiver (WUR) was approved [1]. The following objectives are included in LP-WUS/WUR SID.
	The study item 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 mainly provide our views on use cases and evaluation methodology on low-power WUS/ WUR.

2. Discussion
2.1. Evaluation assumption
In the current specification, there are a lot of NR power saving techniques, such as DRX, WUS, cross-slot scheduling, PDDCCH skipping, search space set group (SSSG) switching, and so on. Considering that 5G may offer power-sensitive use cases including IoT devices (industrial sensors, controllers, etc.), these features would be beneficial to improve energy efficiency. However, some of IoT use cases (e.g. wearables) need to minimize not only power consumption but also latency. Since there is tradeoff between power consumption and latency, all the possible IoT use cases may not meet its requirements only by using the existing features for power saving. To solve the problem, LP-WUS/WUR is proposed. 
WUR is intended as front-end unit to receive LP-WUS which is a new signal to wake up main circuit. By using LP-WUS/WUR, main circuit (e.g. baseband unit) can go to deep sleep mode while WUR keep awake to receive LP-WUS. When LP-WUS is arrived, WUR trigger to wake up main circuit. Since WUR is intended for an ultra-low or no power receiver, significant power saving gain would be achieved by LP-WUS/WUR. However, considering that all or part of the baseband units may not be available in deep sleep mode, it is not clear whether to support mobility and measurement procedure. If mobility and measurement procedure are needed to support even in deep sleep mode, it means that UE needs to wake up periodically as well as the existing idle/inactive mode and it also means that energy efficiency in deep sleep mode would be degraded. 
Another possible approach is to assume that UE configured with LP-WUS has no mobility (e.g. fixed IoT sensor) and it means to give up both mobility and measurement. This approach would provide significant power saving gain however too much specification impact may needs to be handled. 
From operator perspective, we consider that 5G offers variety of use case and many of these are considered as mobile devices which is deployed by not only regular 5G devices but also RedCap/eRedCap. In the sense, mobility and measurement procedure with LP-WUS/WUR should be baseline for further study.  
Proposed 1: Mobility and measurement procedure with LP-WUS/WUR should be further studied.  

2.2. Evaluation methodology
For evaluation study, power consumption model is needed. We consider that power consumption defined in TR38.840 [2] is good starting point. However, power consumption related to LP-WUS/WUR needs to be defined additionally. Especially, we think the following additional models should be discussed further.
· Transition from/to deep sleep mode
· monitoring LP-WUS by WUR

Proposed 2: Reuse the following UE power model in Rel-17 agreement.
Proposed 3: New power consumption should be modelled for deep sleep mode at least.
· Transition from/to deep sleep mode
· monitoring LP-WUS by WUR

3. Conclusion
In this contribution, use cases and evaluation methodology on low power WUS was discussed. Based on the discussion, the following observations and proposals were made:

Proposed 1: Mobility and measurement procedure with LP-WUS/WUR should be further studied.  
Proposed 2: Reuse the following UE power model in Rel-17 agreement.
Proposed 3: New power consumption should be modelled for deep sleep mode at least.
· Transition from/to deep sleep mode
· monitoring LP-WUS by WUR
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