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1. Introduction
[bookmark: _Hlk67479244]In RAN#97, a study on low-power Wake-up Signal and Receiver for NR has been agreed in SID [1]. And the main objectives are as following:
	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 paper, based on the RAN1 progress, we will identify the topics which need RAN2 decision and the corresponding RAN2 impacts for the case that LP-WUS is used in connected mode.
2. [bookmark: _Toc12718547]Discussion
[bookmark: OLE_LINK2]In RAN1#112bise meeting, an agreement about LP-WUS in connected mode has been reached, as highlighted in yellow as below: 
	Agreement
· For RRC connected mode, the following is assumed for LP-WUS study in RAN1
· RLM/BFD/CSI are performed by UE Main Radio (MR) 
· RRM measurements are performed by UE Main Radio (MR)
· Ultra-deep sleep state is not allowed for MR.
· Study additional support of RRM measurement by LP-WUR for RRC connected mode
· Study RRC connected mode LP-WUS functionality/purpose/procedures
· Study RRC connected mode LP-WUS activation/deactivation procedures.
· Study RRC connected mode LP-WUS BW, whether same as IDLE/Inactive mode or different 
· In RRC connected, study the relationship between LP-WUS and legacy UE power saving techniques.


With this agreement, it means that UE cannot turn off MR in connected mode. However, even this is the case, we assume UE still can monitor LP-WUS as it needs less power consumption. The main issue may be how to make use of MR for monitoring LP-WUS so that the power consumption can be reduced without having obvious impacts on the UE performance in connected mode.
2.1 Relaxed measurement
One of the possible usages of LP-WUS in connected mode is relaxed RLM/BFD measurement. According to the TS 38.133, the current relaxed RLM/BFD measurement based on SSB could relax the required measurement periodicity to 15* DRX cycle. The RLM/BFD measurements based on LP-WUS could achieve the desired effect of power saving in UE only if the time/frequency tracking based on LP-WUS could be guaranteed. However, according to the above agreements, whether and how RLM/BFD measurements could be offloaded to LP-WUS in connected mode hasn’t been confirmed by RAN1 and RAN4. From RAN2 perspective, RAN2 can postpone this study till it is confirmed by RAN1 and RAN4.
Proposal 1: RAN2 can postpone the study for connected mode RLM/BFD measurements based on LP-WUS till its feasibility is confirmed by RAN1 and RAN4.
Moreover, another possible usage of LP-WUS is for RRM measurement. RRM measurement results are important metrics for handover, especially for cell edge user. But, the feasibility of LP-WUS for cell edge user, e.g., whether the coverage of LP-WUS could reach to the cell edge users, is still FFS in RAN1 and RAN4. Hence, RAN2 can also postpone the study for RRM measurements based on LP-WUS till its feasibility is confirmed by RAN1 and RAN4.
Proposal 2: RAN2 can postpone the study for connected mode RRM measurements based on LP-WUS till its feasibility is confirmed by RAN1 and RAN4.
2.2 PDCCH monitoring
In DCP, it could carry multiple block number, and each number could indicate whether or not a UE monitors the PDCCH during the next occurrence of the on-duration. Since monitoring LP-WUS needs less power consumption than DCP, if LP-WUS can be used to indicate whether a UE or multiple UEs monitor the PDCCH, more UE power consumption can be saved. 
Besides, considering the compatibility with the legacy processes, we could consider to jointly use LP-WUS and DCP to indicate the next available DRX cycle. For example, LP-WUS could indicate a grouped UE with the similar traffic whether to monitor DCP, and the corresponding DCP could indicate the UE whether to or not to monitor PDCCH for the next DRX cycle. In this way, the maximum of power saving in UE could be expected.
As above, RAN2 could consider the LP-WUS together with DCP to indicate whether to monitor PDCCH for the next DRX cycle.
[bookmark: _GoBack]Proposal 3. RAN2 can consider to jointly use the LP-WUS and DCP to indicate whether or not UE would monitor PDCCH for the next DRX cycle.
2.3 UE assistance information
In connected mode, gNB could activate LP-WUS based on UE’s traffic and the power saving preferences. Moreover, gNB needs to transmit the LP-WUS for the UE only if UE satisfies the condition of using LP-WUS. Hence, it is essential or beneficial for gNB to acquire kind of assistance information about LP-WUS from UE, for example, whether UE desires a LP-WUS, or whether UE satisfies the condition of using LP-WUS. 
Proposal 4. RAN2 can consider to introduce UE assistance information about LP-WUS for applying LP-WUS for UE in connected mode.
3. Conclusion and proposals
Based on the analysis in previous sections, the following observations and proposals are given:
Proposal 1: RAN2 can postpone the study for connected mode RLM/BFD measurements based on LP-WUS till its feasibility is confirmed by RAN1 and RAN4.
Proposal 2: RAN2 can postpone the study for connected mode RRM measurements based on LP-WUS till its feasibility is confirmed by RAN1 and RAN4.
Proposal 3. RAN2 can consider to jointly use the LP-WUS and DCP to indicate whether or not UE would monitor PDCCH for the next DRX cycle.
Proposal 4. RAN2 can consider to introduce UE assistance information about LP-WUS for applying LP-WUS for UE in connected mode.
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