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1. Introduction
[bookmark: _Hlk127303950]Following the completion of the study phase for Rel-18 study item on low-power wake-up signal (LP-WUS), the Rel-19 work item on LP-WUS was approved and the WID was updated in RAN#103 [1]. In this meeting, we discuss Rel-19 LP-WUS WI in RAN4 according to the objective as captured below [1]:
	[bookmark: _Hlk153295984]The objectives of the work item are the following:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· [bookmark: OLE_LINK1]Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements



2. Discussion
One of the main objectives in RAN4 for Rel-19 LP-WUS is to define the related RRM requirements (as highlighted above for IDLE/INACTIVE modes) including RRM relaxation of UE main radio (MR) for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions.
As previously discussed during the study phase, three parameters need to be discussed by RAN4 during the WI phase for LP-WUR based RRM performance evaluation, including the side condition (i.e., the target SNR for measurement), measurement accuracy and number of samples. Different methodologies can be considered to define these parameters such as:
· Fixing the target SNR side condition (to be equivalent to the existing side condition for RSRP measurement e.g., -4dB), and then decide on the target accuracy and number of samples for LP-WUR based RRM requirement.
· Fixing the target accuracy (to be equivalent to the existing RSRP measurement accuracy e.g., +/- 6dB), and then decide on the target SNR and number of samples for LP-WUR based RRM requirement.
· Fixing the target SNR side condition and accuracy (to be equivalent to the existing RSRP measurement side condition and accuracy), and then decide on the number of samples for LP-WUR based RRM requirement.
· It is also possible to define new values for each of the target SNR side condition, accuracy and number of samples for LP-WUR based RRM requirement without reusing any of the existing requirement.
Given the above alternatives, RAN4 needs to first decide on the principal for defining these parameters for LP-WUR based RRM requirements before discussing the exact value for each aspect. However, in our view it is a reasonable starting point to fix the target SNR side condition and even the target accuracy (FFS whether to be equivalent to the existing RSRP measurement side condition and accuracy) and then to decide on a relaxed number of samples for the LP-WUR. Given the simplicity and power limitation of LP_WUR architecture, a higher number of samples is expected to be measured in order to meet a similar RRM requirements to the existing one, e.g., RSRP measurement accuracy.
Proposal 1: RAN4 needs to first decide on the principal for defining the three aspects including the target SNR side condition, measurement accuracy and number of samples for LP-WUR based RRM requirements.
Proposal 2: RAN4 to consider fixing the target SNR side condition and/or the target accuracy (FFS whether to be equivalent to the existing RSRP measurement side condition and accuracy) before defining a relaxed number of samples for the LP-WUR.

When UE supports LP-WUS/WUR, the low power receiver (LP-WUR) is used to wake-up the existing MR transceiver, when necessary, such that a better UE power saving gain can be achieved. When LP-WUR is activated (i.e., LP-WUS monitoring is activated), the MR is deactivated to save UE power. Activating and deactivating LP-WUS monitoring can be based on several conditions, also called entry/exit conditions. These conditions can be based on 
· The reception of LP-WUS indicating the UE to wake up,
· UE UL transmission arrival,
· Serving cell quality (based on RRM measurements)
The entry/exit conditions for LP-WUS monitoring based on the RRM measurements need to be discussed in RAN4.
Proposal 3: RAN4 needs to discuss the entry/exit conditions for LP-WUS monitoring based on the RRM measurements.
LP-WUR can perform synchronization and RRM measurements based on the detection of either LP-SS or PSS/SSS, depending on the LP-WUR architecture, as:
· LP-SS based RRM measurement for envelop detection-based LP-WUR
· SSS based RRM measurement for OFDM based LP-WUR
These measurements can determine whether LP-WUR is out of sync/in sync, thus determining the entry/exit condition for LP-WUS monitoring. The downlink radio link quality of the serving cell can be monitored and compared with a threshold to determine whether to activate/deactivate LP-WUS monitoring. LP-WUS monitoring can be activated when the downlink radio link quality is greater than a threshold (e.g., when the UE is in the cell centre); otherwise, when the downlink radio link quality of the serving cell is smaller than a threshold (e.g., when the UE is in the cell edge) UE shall fallback to the MR and deactivate LP-WUS monitoring.
Proposal 4: A threshold for the downlink radio link quality of the serving cell can be used to determine the entry/exit conditions for LP-WUS monitoring.

Summary
In this contribution, the following proposal is concluded:
Proposal 1: RAN4 needs to first decide on the principal for defining the three aspects including the target SNR side condition, measurement accuracy and number of samples for LP-WUR based RRM requirements.
Proposal 2: RAN4 to consider fixing the target SNR side condition and/or the target accuracy (FFS whether to be equivalent to the existing RSRP measurement side condition and accuracy) before defining a relaxed number of samples for the LP-WUR.
Proposal 3: RAN4 needs to discuss the entry/exit conditions for LP-WUS monitoring based on the RRM measurements.
Proposal 4: A threshold for the downlink radio link quality of the serving cell can be used to determine the entry/exit conditions for LP-WUS monitoring.
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