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1
Introduction
UE power saving and device battery life are important for user experience.  In Rel-18 study item for "Study on low-power wake up signal and receiver for NR", the low-power wake-up signal and receiver (LP-WUS/WUR), including its power saving benefit, coverage, system impact and design aspects were studied. From the study it was concluded that LP-WUS/WUR can be significantly beneficial for UE operations in IDLE/INACTIVE and CONNECTED modes, and across different traffic types. Based on the study outcome [1], a Rel-19 work item on “Low-power wake-up signal and receiver for NR (LP-WUS/WUR)” was approved with following objectives [2]:
· Specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes, including OOK based LP-WUS with overlaid OFDM sequence(s) over OOK symbols
· For IDLE/INACTIVE mode, specify
· Procedures and configurations of LP-WUS indicating paging monitoring triggered by LP-WUS
· Periodic LP-SS for synchronization and RRM measurement for serving cell
· 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
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS
· Specify the necessary RAN4 core RF and RRM requirement(s) for the feature
The work item is now completed [3] and this contribution provides a summary of the feature. 
2
Description
LP-WUS and LP-SS signal design
LP-WUS is designed to be commonly appliable to IDLE/INACTVIE and CONNECTED mode operations. A LP-WUS is transmitted based on OOK and overlaid OFDM sequence(s) over OOK ON symbols, and can carry up to 5 information bits and one codepoint out of up to 32 codepoints. A UE supports detection of LP-WUS information carried by OOK or overlaid OFDM sequences, or both, subject to UE capability. For LP-WUS operation in IDLE/INACTIVE modes, the same information is delivered by OOK and overlaid OFDM sequences. For LP-WUS, the number of OOK symbols within an OFDM symbol can be configured as 1, 2 or 4. For IDLE/INACTIVE mode operation, a UE monitors two codepoints for LP-WUS. For CONNECED mode operation, a UE can be configured to monitor up to 2,4,6 or 8 codepoints for LP-WUS, subject to UE capability. 

For LP-WUS operation in IDLE/INACTIVE modes, LP-SS is supported for UE LR (Low-power wake-up Receiver) to maintain synchronization and perform serving cell RRM measurements. LP-SS transmission is based on OOK with or without overlaid OFDM sequence. For UE capable of detection of LP-WUS information carried by OOK, LP-SS is required to maintain synchronization and perform serving cell RRM measurements. For UE capable of detecting overlaid OFDM sequence by LR, PSS/SSS can be used for UE LR to maintain synchronization and perform serving cell RRM measurements while using LP-SS for these functions is optional. LP-SS is not supported for RRC_CONNECTED mode operations.
LP-WUS operation for IDLE/INACTIVE mode
In IDLE/INACTIVE mode operation, LP-WUS is used to trigger UE paging monitoring. LP-WUS carries subgroup indication and up to 31 subgroups can be configured for LP-WUS. Either UE ID based subgrouping or CN based subgrouping can be configured. In addition to monitoring a codepoint associated with its subgroup ID, a UE configured with LP-WUS monitoring also monitors a common codepoint associated with all subgroups in a PO, if applicable.
In IDLE/INACTIVE mode operations, 3 candidate values for wake-up delay are supported for UE to report via capability signalling, where wake-up delay is defined as the minimum time gap between the LP-WUS reception and Main Receiver (MR) to start paging PDCCH monitoring. For IDLE/INACTIVE mode operation, the frequency resource of LP-WUS and LP-SS can be configured within or outside initial DL BWP in the carrier where the UE monitors paging.
In IDLE/INACTIVE mode operation, UE power saving can also be achieved by allowing UEs supporting LP-WUS to relax serving cell measurements on MR, further neighbour cell measurements relaxation on MR and/or offload serving cell measurements from MR to LR. Entry conditions for serving cell and further neighbour cell measurement relaxation and/or offloading serving cell measurements from MR to LR are based on MR and optionally LR measurements. Exit conditions are based on LR measurements.
LP-WUS operation for CONNECTED mode
In CONNECTED mode operation, LP-WUS is used to trigger UE PDCCH monitoring with C-DRX configuration. LP-WUS carries codepoint indication where a UE can be configured to monitor one or multiple codepoints. LP-WUS is monitored outside active-time. If LP-WUS is detected, based on configuration, the UE shall start the on-duration timer or lpwus-PDCCH-MonitoringTimer to start PDCCH monitoring and enter active-time. If the UE is configured to start on-duration timer after LP-WUS reception, the UE monitors LP-WUS at occasion(s) at a configured offset before the on-duration, and UE does not monitor LP-WUS when short DRX cycle is used. If the UE is configured to start lpwus-PDCCH-MonitoringTimer after LP-WUS reception, the UE monitors LP-WUS at occasion(s) according to the configured periodicity and offset which can be same or different from the periodicity and offset configured for C-DRX cycle, and UE monitors LP-WUS regardless of which DRX cycle is used.

In CONNECTED mode operation, 3 candidate values for minimum time gap are supported for UE to report via capability signalling, where the minimum time gap is between the LP-WUS reception and MR to start PDCCH monitoring. gNB configures the time offset between LP-WUS monitoring and the corresponding PDCCH monitoring. UAI can be used to indicate the UE preferred time offset. In CONNECTED mode operation, the frequency resource of LP-WUS can be configured within or outside the UE active DL BWP, where the support of LP-WUS monitoring outside active DL BWP is optional. 

In CONNECTED mode operation, UE is not required to support simultaneous LR and MR operations, where LR operations is the UE operations for LP-WUS monitoring, MR operation is the UE operations for all other NR signals/channels transmissions/receptions. 
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