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[bookmark: _Ref165266342]1 Introduction
In last RAN2#123b meeting, the following agreements [1] are made:
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.
UL transmission by MR also triggers PDCCH monitoring by MR. 
Option 2: to have LP-WUS transparent to current MAC operation (might not have impact to MAC)
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. 
[bookmark: OLE_LINK105]For the long email discussion on the TR, can also add some limited progress for Idle mode, e.g. the general dependency LP-WUS information carrying capability -> functionality, for confirmation/agreement next meeting. 
Last meeting, RAN2 analysed how to use LPWUS with/without C-DRX also including DCP, in this contribution, we further discuss on this part.

2 Discussion
2.1 LPWUS with C-DRX
To our understanding, the solutions on LPWUS used with C-DRX can be classified into the following solutions:
1. LPWUS has similar function as DCP
2. LPWUS can be used at any time outside of C-DRX Active Time
3. LPWUS can be used during C-DRX Active Time
(It is note that the above solutions does not preclude DCP case, which is FFS)
LPWUS has similar function as DCP
It is noted that this has nothing to do with DCP even though DCP is mentioned, here just to use DCP as an example to show how LPWUS works.
One use case of LPWUS is that LPWUS could be monitored before every drx-onDurationTimer, and LPWUS is used to indicate whether the corresponding drx-onDurationTimer should be started or not. In this case, compared with DCP, since DCP monitoring still belongs to PDCCH decoding but LPWUS monitoring is more simple (e.g., OOK signal detection), replacing DCP with LPWUS can be considered as one solution which brings more benefit for power saving. However, C-DRX mode is a trade-off between latency and power saving, this solution is only to optimize power consumption but not for latency. Also the offset between LPWUS and the starting point of drx-onDurationTimer is not clear due to warm-up of MR which is in a light/deep sleep.


Fig.1 LPWUS has similar function as DCP
LPWUS can be used at any time outside of C-DRX Active Time
Since LPWUS is monitored by a separated receiver, i.e., low power receiver (LR), solution for both latency and power consumption can be considered, that is the periodicity of LPWUS is not related to C-DRX cycle, which means, LPWUS can be used at any time outside of C-DRX Active Time. By this way, the configuration of LPWUS could be more flexible so that UE can detect data/signal arrival by LPWUS in a timely manner. However in this solution one more issue needs to be considered that the UE may not acquire Active Time of C-DRX immediately for PDCCH monitoring after receiving LPWUS. To our understanding, there are two solutions to figure this out. The first one is that the UE could start an active timer, e.g., drx-InactivityTimer to monitor PDCCH once LPUWS is received. The second one is that the UE could directly monitor PDCCH once LPWUS is received, based on RAN1 configuration (e.g., search space/CORESET) until next start of C-DRX.
It is noted that for this solution, both duty-cycle and continuous monitoring mode can be considered as shown in the fig.2 and fig.3 respectively.


Fig.2 (duty-cycle mode) LPWUS can be used at any time outside of C-DRX Active Time


Fig. 3 (continuous monitoring) LPWUS can be used at any time outside of C-DRX Active Time
LPWUS can be used during C-DRX Active Time
This solution is raised by the use case of XR, the UE should intensively monitor PDCCH during Active Time, but due to data jitter, the data can not be arrived in a predicable way, so that more unnecessary PDCCH monitoring is assumed during Active Time. So that companies mentioned that LPWUS can be used even during Active Time. For example, the UE may not monitor PDCCH until LPWUS reception during Active Time for more power saving. However to our understanding, it somehow seems like just a technique as opposite of PDCCH skipping, i.e., PDCCH monitoring activation during Active Time. This over-optimization is not needed at least in this stage. Also it is not clear about the offset between LPWUS reception and MR (PDCCH monitoring) activation during Active Time.
Based on the above analysis, we conclude the following proposals:
Proposal 1: RAN2 to exclude the use case that LPWUS can be used during C-DRX Active Time.
Proposal 2: For LPWUS used with C-DRX, the following solutions can be considered:
Opt-1. LPWUS has similar function as DCP
Opt-2. LPWUS can be used at any time outside of C-DRX Active Time (including duty-cycle and continuous monitoring)
Proposal 3: If LPWUS can be used at any time outside of C-DRX Active Time, the following solution can be captured to let UE monitor PDCCH immediately once LPWUS is received:
Opt-1. The UE could start an active timer, e.g., drx-InactivityTimer to monitor PDCCH
Opt-2. The UE could directly monitor PDCCH based on RAN1 configuration (e.g., search space/CORESET) until next start of C-DRX
Last thing for LPWUS used with C-DRX is that the co-existence between LPWUS and DCP, question is that if LPWUS is used, does UE still need to monitor DCP? In our understanding, this can be FFS, it depends on some situations as described below.
Case 1 LPWUS in RRC_CONNCTED is not UE specific
In this case, even the UE receives LPWUS, this UE is still not sure whether there is data for itself. So that DCP (which is group common signal but UE specific) can be used as “double filter” to solve the false alarm issue. For example, if LPWUS is detected by the UE, the UE need to double check by DCP, if DCP indicate there is no need to start drx-onDurationTimer, then it is confirmed that this is false alarm.
Case 2 Different coverage between LPWUS and DCP
If the LPWUS coverage is lower than the DCP coverage, then UE can automatically select one of these signals to monitor based on signal strength. For example, if the UE is staying in cell centre, LPWUS could be used but if the UE is staying in cell edge, DCP should be used then since the UE probably can not receive LPWUS. But in this solution, more overhead from network side is assumed since network anyway need to send both signals.
Proposal 4: Whether LPWUS can be used in conjunction with DCP depends on more progress.
2.2 LPWUS without C-DRX
Currently based on MAC spec, if C-DRX is not configured for one UE (e.g., capabilities test failure), the UE should directly monitor PDCCH as specified in TS 38.213. 
In this case, it can be considered that LPWUS can be used without C-DRX configuration, that is to say, once the UE receives LPWUS, the UE start to directly monitor PDCCH based on RAN1 configuration (e.g., search space/CORESET). But honestly this is not friendly for power saving, it means as long as the UE receives LPWUS and stay MR activated, PDCCH monitoring is always operating. Regarding this, PDCCH skipping mechanism can be considered then. And more details FFS.
Proposal 5: For LPWUS used without C-DRX configuration, the UE could directly monitoring PDCCH based on RAN1 configuration (e.g., search space/CORESET), and PDCCH skipping can be considered for power saving.
3 Conclusions
Proposal 1: RAN2 to exclude the use case that LPWUS can be used during C-DRX Active Time.
Proposal 2: For LPWUS used with C-DRX, the following solutions can be considered:
Opt-1. LPWUS has similar function as DCP
Opt-2. LPWUS can be used at any time outside of C-DRX Active Time (including duty-cycle and continuous monitoring)
Proposal 3: If LPWUS can be used at any time outside of C-DRX Active Time, the following solution can be captured to let UE monitor PDCCH immediately once LPWUS is received:
Opt-1. The UE could start an active timer, e.g., drx-InactivityTimer to monitor PDCCH
Opt-2. The UE could directly monitor PDCCH based on RAN1 configuration (e.g., search space/CORESET) until next start of C-DRX
Proposal 4: Whether LPWUS can be used in conjunction with DCP depends on more progress.
[bookmark: _GoBack]Proposal 5: For LPWUS used without C-DRX configuration, the UE could directly monitoring PDCCH based on RAN1 configuration (e.g., search space/CORESET), and PDCCH skipping can be considered for power saving.
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