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1 Introduction

Low power wake up radio/receiver has been discussed in pre-RAN#93 email discussions [RAN93e-R18Prep-07] (RedCap) and [RAN93e-R18Prep-14], with the following proposals/summary from the moderators [1][2]:
	[RAN93e-R18Prep-07]
Study low power wake-up receiver / wake-up signal (WUR/WUS)

· The study should target ultra-low power WUS/WUR required by RedCap use cases. The specified solutions shall not be limited to RedCap UEs only.

· As opposed to the work on UE power savings in previous releases, this study will not require existing signals to be used as WUS. Solutions should give justifiable gains compared to the existing Rel-16/17 UE power saving enhancements.

· Objectives:

· Study use cases, evaluation methodology & KPIs, and compatibility with other UE power saving solutions

· Study and evaluate low-power wake-up receiver architectures
· Study and evaluate wake-up signal designs to support wake-up receivers 
· Study and evaluate protocol changes needed to support wake-up receivers

· Study potential system impact, such as network and other UE’s power consumption, coexistence with R17 RedCap and non-RedCap UEs, network coverage
[RAN93e-R18Prep-14]
Proposal 1: For UE power savings, focus further RAN discussions on enhancements based on ultra-low power UE receiver and wake up signal.

· Including whether the enhancement targets general purpose use cases or targets specific use cases such as REDCAP, XR.

· If included as part of Rel-18, relevant work should start with a study item to verify the benefits, feasibility, and applicable scenarios.

· The following is provided as a starting point for further discussions in determining the relevant work scope on UE power savings

· Performance evaluation UE power savings based on ultra-low power UE receiver and wake up signal (RAN1)

· Hardware feasibility evaluation (RAN4)

· Design of wake up signal for ultra-low power UE receiver (RAN1)

· Relevant procedures (RAN1, RAN2)


In this contribution, we present our views on Rel-18 LP WUR. 
2 Discussion 
There have been different views on whether LP WUR should be studied in a separate study item or included as part of the eRedCap WI.
LP WUR is a new topic in 3GPP, and its feasibility/benefit and design considerations still need to be carefully studied. It would also have significant impact on both specifications and implementations. Therefore, a study phase is necessary before the normative work.
Given that there are still a lot of aspects we need to study and understand about LP WUR, we should not limit it to RedCap UEs only at this time. When we understand the performance/benefit of LP WUR and design tradeoffs at the end of the study, we can then conclude on the applicable use cases/scenarios/device types.
Therefore, we think LP WUR should be a separate study item.

Proposal 1: Low power wake up radio is considered as a separate study item in Rel-18. 
Some of the most important areas to investigate in our view include:

· Since UE power saving is the main purpose, the most critical issue for study is the potential power saving gain from low power wake up radio. This is directly related to the wake up signal design that enables the low complexity low power wake up radio/receiver.
· Even though the wake up receiver will be left to UE implementation (i.e., not specified), the discussion on the receiver design (or some reference receiver design) is unavoidable in order to understand the power consumption.
· Since the wake up signal design involves the tradeoff between the performance (receiver sensitivity) and complexity/power consumption, the tradeoff also needs to be carefully analyzed to understand the possibilities. WUR overhead, wakeup signal’s coverage and adjacent channel interference are important factors to consider. It is important to understand what performance can be achieved while still achieving significant UE power saving. In our view, WUR should enable opportunistic power saving rather than imposing undue implementation complexity to the UE.
· What information can be carried on WUS is also a big part of WUS design.

· For LP WUR to achieve power saving, the RRM measurements need to be handled properly. LP WUR is more beneficial for the cases when the main radio does not need to wake up frequently. However, the existing RRM requirements require the main radio to wake up frequently. E.g. serving cell measurement is required to be performed every DRX cycle, which makes the benefit of LP WUR questionable. Intuitively, LP WUR is more suitable for stationary or low mobility UEs. But as long as there is UE mobility (even if it is low mobility), the RRM measurements need to be considered. Possible directions to consider include:
· Further relaxation of RRM measurements

· Basic RRM measurements using the LP WUR, which requires the signal design for measurement. This can be used in combination with the RRM measurement function on the main radio, if necessary.
· Coverage: It is highly likely that the receiver sensitivity of the LP WUR may not be sufficient to cover the entire cell. How to handle it should be further considered.
· UE procedures
· New UE procedures will need to be defined to support LP WUR, including the conditions/procedure for the feature enabling/disabling, and the possibility of defining a new RRC state for LP WUR. The transition between the new RRC state and the legacy RRC states (RRC idle/inactive/connected states) should be investigated. In addition, procedures on how the LP WUR is activated and the main radio is deactivated (and vice versa) need to be defined considering the current power saving framework within NR.
With the study on all these aspects, we can better understand and evaluate the power saving gain provided by LP WUR, which allows us to identify the potential use cases.
To summarize, we think the following should be considered for the SI objectives.

Proposal 2: Consider the following objectives for the low power wake up radio study item in Rel-18. 
· Study the wake up signal design to enable low power receiver, considering aspects such as power consumption, receiver sensitivity, overhead, and data rate
· Study how to address the issue if the wake up signal does not provide full coverage

· Study the enhancements for RRM measurements and mobility management needed to achieve UE power saving with low power wake up radio
· UE procedures to support low power wake up radio
· UE power saving evaluation taking into account the above design aspects and identification of applicable use cases and scenarios
3 Conclusion

Based on the discussion above, we have the following proposals.
Proposal 1: Low power wake up radio is considered as a separate study item in Rel-18. 
Proposal 2: Consider the following objectives for the low power wake up radio study item in Rel-18. 
· Study the wake up signal design to enable low power receiver, considering aspects such as power consumption, receiver sensitivity, overhead, and data rate

· Study how to address the issue if the wake up signal does not provide full coverage

· Study the enhancements for RRM measurements and mobility management needed to achieve UE power saving with low power wake up radio

· UE procedures to support low power wake up radio

· UE power saving evaluation taking into account the above design aspects and identification of applicable use cases and scenarios
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