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1. Introduction
In RAN2#123 meeting, the LP-WUS in RRC_CONNECTED state was discussed and a post email discussion [Post123][060][LPWUS] was assigned [1], the following proposals are given as the conclusions of the post email discussion.
	Proposal 1. Network can configure LP-WUS outside DRX active time. In that case, LP-WUS can wake up MR to start procedures related to DRX timer(s). FFS which timer and whether/how it may co-exist with R16 DCP.
Proposal 2. RAN2 study whether/how LP-WUS may be used in conjunction with legacy UE power saving techniques, FFS with which technique(s) and what impact it may have on MAC.
Proposal 3. Postpone study on the use of LP-WUR for RRM measurements in RRC Connected until its feasibility is confirmed by RAN1 and RAN4.
Proposal 4. In addition to the options agreed by RAN1 for de-/activating LP-WUS monitoring, UL transmission by MR also de-activates the monitoring of LP-WUS.


In this contribution, we further discuss LP-WUS in RRC_CONNECTED state.
2. [bookmark: OLE_LINK139][bookmark: OLE_LINK140]Discussion
Based on the RAN1 conclusions, LP-WUS is introduced with similar functionality as R16 DCP, i.e. to reduce unnecessary PDCCH monitoring in RRC_CONNECTED state. When UE monitors LP-WUS by low-power wake-up receiver (LR), UE’s main receiver (MR) enters sleep mode and does not monitor PDCCH, the sleep mode can be micro/light/deep sleep. Once the UE detects LP-WUS that targets itself, the UE wakes up MR and starts PDCCH monitoring by MR. If the UE determines to stop the PDCCH monitoring by MR, UE can let MR go to sleep mode and use LR to monitor LP-WUS to further reduce the power consumption.
[image: ]
Fig.1. UE switches between LR and MR
As showed in Fig.1, the UE monitors LP-WUS by LR sometimes without PDCCH monitoring by MR, and monitors PDCCH by MR sometimes. For RRC_CONNECTED state, it should be known by the gNB whether the UE is monitoring signal by LR or MR, for example, the gNB will send LP-WUS to trigger MR wake-up if the UE is currently monitoring signal by LR, and can directly send message by MR if the UE currently is monitoring signal by MR, so that the UE won’t miss the message by MR due to working in LR and unnecessary LP-WUS can be avoided if the UE is currently working in MR.
Proposal 1: It should be known by the gNB whether the UE currently is monitoring LP-WUS by LR or monitoring PDCCH by MR.
Thus, how to trigger the UE switches from LR to MR or from MR to LR should be defined. Considering the LP-WUS received by LR is used to trigger MR wake-up and start of PDCCH monitoring by MR, the following two modellings can be considered.
1. LP-WUS impacts MAC layer to control UE monitoring behaviour (like DCP)
Similar as R15 C-DRX and R16 DCP, MAC layer defines the period for UE's PDCCH monitoring activity, e.g. it can be controlled by timers, or explicit signalling sent by the NW, e.g. DCP can trigger UE to monitor PDCCH and (Long) DRX Command MAC CE can trigger UE to stop monitoring PDCCH. The similar way can be used to define the PDCCH monitoring behaviour after the LP-WUS is received. If the UE detects LP-WUS that targets itself, the UE wakes up MR and monitors PDCCH as existing UE behaviour until the UE is informed explicitly to stop the PDCCH monitoring, or monitors PDCCH for a period of time. There are the following options: 
1) [bookmark: _Hlk134198966]The LP-WUS works combined with C-DRX. In existing operation, UE behaviour during C-DRX active-time is clearly defined, i.e. monitors PDCCH, this definition can be reused with less specification impacts. For example, during the C-DRX non-active-time, the UE is not required to monitor PDCCH and monitors LP-WUS by LR. If the DL data arrives, the network sends LP-WUS to the UE, triggering the UE’s MR to enter the C-DRX active-time, the UE will follow the existing UE behaviour in C-DRX active-time to monitor PDCCH. When the C-DRX active-time ends, e.g. the C-DRX related timers expires or are stopped by (Long) DRX Command MAC CE, the UE switches to LR and MR enters sleep mode. To enter the C-DRX active-time:
a) LP-WUS can trigger the start of drx-onDurationTimer, however, considering more frequent transmission for LP-WUS, the DL data cannot be transmitted immediately when the DL data arrives and the NW is able to wake up the UE.
b) LP-WUS can directly trigger the start of drx-InactivityTimer, it means the UE can be wakened up earlier, and it benefits on reduced latency for data reception.
c) LP-WUS can trigger the monitoring of DCP. In Rel-17, DCP is introduced which is combined with C-DRX, in this case, the latency may be even worse than a) but it requires less payload for the LP-WUS since it can be group-based instead of UE-based.
2) The LP-WUS works decouple with C-DRX. In this case, LP-WUS can trigger the start of a new timer, and new signaling can be defined to indicate the stop the PDCCH monitoring, it also reduces the latency for data reception.
2. [bookmark: _Hlk146117164]LP-WUS is transparent to MAC layer and impacts UE monitoring behaviour in PHY layer (like PDCCH skipping)
Currently the PDCCH adaptation, i.e. PDCCH skipping and SSSG switching, is transparent to MAC layer and only impacts UE monitoring behaviour in PHY layer. PHY layer defines the priority of the signalling, for example, if the PDCCH skipping is received, the UE skips the PDCCH monitoring even if it is during the C-DRX active-time. If the similar modelling is adopted, once the LP-WUS is received, it can be regarded as highest priority, for example, the UE starts the PDCCH monitoring regardless of the running status of C-DRX timers (if configured) or the skipping duration due to previous received PDCCH skipping. However, this is more like RAN1 issue for this direction and also pending on RAN1 progress.
Proposal 2: Capture the following options in the TR for LP-WUS in RRC_CONNECTED state:
1. LP-WUS impacts MAC layer to control UE monitoring behaviour (like DCP).
1) The LP-WUS works combined with C-DRX.
a) LP-WUS can trigger the start of drx-onDurationTimer;
b) LP-WUS can directly trigger the start of drx-InactivityTimer;
c) LP-WUS can trigger the monitoring of DCP.
2) The LP-WUS works decouple with C-DRX. LP-WUS can trigger the start of a new timer, and new signaling can be defined to indicate the stop the PDCCH monitoring.
2. LP-WUS is transparent to MAC layer and impacts UE monitoring behaviour in PHY layer (like PDCCH skipping).
3. Conclusion
In this contribution, we further discuss LP-WUS in RRC_CONNECTED state and have the following proposals.
Proposal 1: It should be known by the gNB whether the UE currently is monitoring LP-WUS by LR or monitoring PDCCH by MR.
Proposal 2: Capture the following options in the TR for LP-WUS in RRC_CONNECTED state:
1. LP-WUS impacts MAC layer to control UE monitoring behaviour (like DCP).
1) The LP-WUS works combined with C-DRX.
a) LP-WUS can trigger the start of drx-onDurationTimer;
b) LP-WUS can directly trigger the start of drx-InactivityTimer;
c) LP-WUS can trigger the monitoring of DCP.
2) The LP-WUS works decouple with C-DRX. LP-WUS can trigger the start of a new timer, and new signaling can be defined to indicate the stop the PDCCH monitoring.
2. LP-WUS is transparent to MAC layer and impacts UE monitoring behaviour in PHY layer (like PDCCH skipping).
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