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1 Introduction

In Rel-18, the new SID in RP-222644 on low-power Wake-up Signal and Receiver for NR includes following objectives.

	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 provide our understanding on the coverage impact for LP-WUR. 
2 Discussion 
In current RAN1 study, it is observed that LP-WUS may have some coverage loss compared to legacy signal (e.g. SSB or PDCCH). If this is eventually confirmed, it simply means that LP-WUS does not work in the whole cell’s coverage. From UE’s perspective, it should be clear that LP-WUS monitoring should only be done when there is good coverage, otherwise, paging might be missed and cell coverage is reduced.
Regarding RAN2’s impact, activating/deactivating LP-WUS monitoring based on coverage condition would imply defining coverage-related thresholds. 
Proposal 1 UE activates/deactivates LP-WUS monitoring based on the configured coverage-related threshold(s).
Ideally, one threshold is needed to define the coverage boundary between activating LP-WUS monitoring and deactivating LP-WUS monitoring. However, coverage threshold has to be associated with some measurement result. If measurements are different in different LP-WUS monitoring modes, probably RAN2 would need to introduce multiple thresholds. So far, RRM measurement for LP-WUR is still open in RAN1, and following options are on the table.
	RAN1#113 agreement

· For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR under certain conditions, if any, and relaxation of serving/neighboring cell RRM measurements in MR considering

· Periodic reference signal(s) is/are used for LR measurements.

· FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, LP-WUS waveform sequence, LP-SS

· FFS: periodicity, content

· MR performs measurements 
· Alt2: with relaxed periodicity if RRM measurement in MR is relaxed.

· FFS: Condition for relaxation if any

· Can apply for both neighboring and serving cell

· Alt3: only when reference signal(s) based measurements by LP-WUR satisfy certain condition(s), e.g. are below threshold.

· FFS threshold.

· Above MR measurement under certain conditions can apply for both neighboring and serving cell

· Potentially with relaxation methods for MR neighboring cell measurement 

· Other alternatives are not precluded

· FFS: Feasibility of RRM measurements of neighbor cells by LP-WUR


If RAN1 adopts relaxed MR measurement, then in all cases UE would be performing SSB measurement regardless of whether LP-WUS monitoring is activated or deactivated. In this case, a single RSRP threshold would be sufficient. UE activates LP-WUS monitoring when RSRP measurement is above the threshold and deactivates LP-WUS monitoring when RSRP measurement is below the threshold.
However, if RAN1 agrees to LR measurements, RAN2 may need to define two thresholds, i.e. one LS-RSRP threshold and one RSRP threshold. UE activates LP-WUS monitoring when LP-RSRP measurement is above the LP-RSRP threshold and deactivates LP-WUS monitoring when RSRP measurement is below the RSRP threshold.
Proposal 2 The detailed threshold configuration will further depend on RAN1’s agreement on RRM measurement, e.g. whether to have LP measurements or relaxed MR measurements.
Another open issue is to what extent the network is or needs to be aware of which receiver the UE uses MR/LR or both (for paging reception etc). Clearly, drawback of non-awareness would be increased LP WUS load and drawback of awareness is increased signalling. For IDLE mode UEs, we think RAN2 should keep UE behaviours as simple as possible, and connection setup should be initiated based on the read need of data. Note that in eMTC and NB-IoT, network is not aware of UE’s CE level and how to page UEs in the proper CE level is up to network’s implementation. We think this principle should be reused to most features in IDLE mode.

Proposal 3 IDLE/INACTIVE state UE does not explicitly indicate to network which receiver the UE uses (e.g. MR/LR or both).
3 Conclusion
Based on the discussion in section 2 we have following proposals: 
Proposal 1 UE activates/deactivates LP-WUS monitoring based on the configured coverage-related threshold(s).
Proposal 2 The detailed threshold configuration will further depend on RAN1’s agreement on RRM measurement, e.g. whether to have LP measurements or relaxed MR measurements.
Proposal 3 IDLE/INACTIVE state UE does not explicitly indicate to network which receiver the UE uses (e.g. MR/LR or both).
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