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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 and RAN2 progresses, we will discuss some remaining issues for using LP-WUS in connected mode.
2. [bookmark: _Toc12718547]Discussion
[bookmark: OLE_LINK2]2.1 PDCCH monitoring
During RAN2#123bis meeting, based on the discussion on the summary of the post RAN2#123 meeting email discussion “[Post123][060][LPWUS] Low-power receiver in RRC Connected” and also some contributions, the following agreements are achieved:
	· RAN2 assumes that the Intention with LP-WUS indication in connected is to trigger MR PDCCH monitoring. 
· Option 1: to relate LP-WUS with DRX: Network can configure LP-WUS outside MR DRX active time. In that case, LP-WUS can trigger MR PDCCH monitoring to start procedures related to DRX timer(s). FFS which timer and whether/how it may co-exist with R16 DCP.
· Option 2: to have LP-WUS transparent to current MAC operation (might not have impact to MAC).
· UL transmission by MR also triggers PDCCH monitoring by MR.


Furthermore, an at-meeting offline discussion “[AT123bis][510][LP-WUS] connected mode” was performed. Based on the discussion, the following proposals are agreed:
	· P1: Capture the LP-WUS using option that LP-WUS has similar functionality as Rel-16 DCP in TR. 
· P2: Capture the LP-WUS using option that LP-WUS could be used at any time outside DRX active time to indicate UE to enter into active time in TR.
· P3: FFS whether to capture the LP-WUS using option that LP-WUS could be used after the beginning of drx-onDurationTimer in TR. 
· P4: Capture the LP-WUS using option that LP-WUS could be used when C-DRX is not configured in TR and FFS the detail. 
· P8: FFS whether it is possible that LP-WUS and DCP are configured for a UE and UE use only one of them at any time e.g. depend on network configuration or link quality. 
· P9: FFS whether LP-WUS could be used in conjunction with DCP. 
· P12. Capture the pros/cons and RAN2 impacts for duty cycle and continuous mode for LP-WUS in TR. 


For the FFS in P3, the motivation of the case that LP-WUS could be used after the beginning of drx-onDurationTimer is unclear to us. Generally, UE should monitor PDCCH after drx-onDurationTimer, e.g., no need to monitor LP-WUS anymore. We try to understand the motivation here may be to achieve power saving even in DRX active time, e.g., when PDCCH skipping is received after the start of drx-onDurationTimer. So the proponent company suggest that LP-WUS could be located at any time after drx-onDurationTimer is started. Per our understanding, this case is just a special case of above Option 2 (to have LP-WUS transparent to current MAC operation). Hence, we suggest not to capture this Option in the TR.
Proposal 1: It’s suggested not to capture the LP-WUS using option that LP-WUS could be used after the beginning of drx-onDurationTimer in TR.
For the FFS in P4, if C-DRX is not configured, for the sake of power saving, the R17 DCI 1_1 could be used to indicate the skipping PDCCH duration. During the PDCCH skipping, UE could monitor the LP-WUS instead of PDCCH. If DL data arrives, LP-WUS could wake up UE to monitor PDCCH for the following scheduling. UE could perform PDCCH skipping until DCI 1_1 is received again. However, as DCI 1_1 is transparent to current MAC operation, the current MAC layer couldn’t be aware of the start of PDCCH skipping (e.g., stopping time of monitoring PDCCH) and therefore MAC layer in UE cannot know when to monitor LP-WUS. 
So if MAC layer wants to support some schemes for UE monitoring LP-WUS when C-DRX is not configured, some interactions between PHY and MAC may be needed. We see no more benefits than the scheme that PHY layer controls monitoring of LP-WUS according to the start or stop of PDCCH skipping. So we suggest not to introduce this new mechanism of using LP-WUS when C-DRX is not configured in the context of Option 1.
Proposal 2: It’s suggested not to introduce new mechanism for LP-WUS if C-DRX is not configured.
For the FFS in P8, for UE side, it could select to monitor either LP-WUS or DCP based on the network configuration or link quality. However, it requires gNB to transmit LP-WUS and DCP simultaneously. Moreover, as both of LP-WUS and DCP indicate the same information, such redundant indication will obviously waste the air resource. Hence, in order to increase efficiency of LP-WUS and DCP, if LP-WUS and DCP are configured for a UE, UE needs to use both of them.
Proposal 3: If LP-WUS and DCP are configured for a UE, UE needs to use both of them. 
For the FFS in P9, it is related to co-existence of LP-WUS and DCP. In legacy DCP, it can carry multiple block numbers 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 needs to monitor the PDCCH, more UE power consumption can be saved. 
Besides, considering the compatibility with the legacy processes, we think it’s more suitable to consider the joint use of LP-WUS and DCP to indicate the next available DRX cycle. For example, LP-WUS could indicate a group of UEs with the similar traffic whether to monitor DCP, and the corresponding DCP could indicate the UE whether or not monitor PDCCH for the next DRX cycle. By this way, the maximum of power saving in UE could be expected.
Proposal 4: 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 per UE based on UE’s traffic and the power saving preferences. Moreover, gNB needs to transmit the LP-WUS for UE only if the 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. Different from the case of UE in idle or inactive mode, it’s feasible or easy for eNB to acquire some assistance information from a UE in connected mode. 
Proposal 5: RAN2 can consider to introduce UE assistance information about LP-WUS in order to apply the LP-WUS to UE in connected mode more accurately.
3. Conclusion
Based on the analysis in previous sections, the following observations and proposals are given:
Proposal 1: It’s suggested not to capture the LP-WUS using option that LP-WUS could be used after the beginning of drx-onDurationTimer in TR.
Proposal 2: It’s suggested not to introduce new mechanism for LP-WUS if C-DRX is not configured.
Proposal 3: If LP-WUS and DCP are configured for a UE, UE needs to use both of them. 
Proposal 4: 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.
[bookmark: _GoBack]Proposal 5: RAN2 can consider to introduce UE assistance information about LP-WUS in order to apply the LP-WUS to UE in connected mode more accurately.
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