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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#123 meeting, Post email addressing LP-WUS in RRC_CONNECTED state was studied and one FFS was left in the post email [1].
	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.


[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Discussion
2.1	Whether/how LP-WUS may co-exist with R16 DCP
In the Post email [1], majority companies focus on the 4 options:
	Option 2.   LP-WUS replaces DCP and these two types of wakeup signals are not configured/used simultaneously;
Option 3.   Both LP-WUS and DCP can be configured for a UE. However, UE may use only one of them at any time, e.g. depend on network configuration or link quality, etc.
Option 4.   LP-WUS is used in conjunction with DCP, e.g. LP-WUS first wakes up MR, which then monitors DCP.
Option 5.   LP-WUS is an independent feature from DCP and DRX, i.e., upon receiving the indication for MR ON, the UE follows the legacy procedure, e.g., DRX and DCP.


In the following, we analyze the above 4 options and find the RAN2 impacts for these options.
Option 2:	LP-WUS replaces DCP and these two types of wakeup signals are not configured/used simultaneously.
In this option, the network could configure LP-WUS or DCP based on the channel status of the UE. For example, if the network finds that the channel condition is suitable to the UE which supports LP-WUS, it can configure LP-WUS to the UE. Or the network can offload some UEs to use DCP if the resources of LP-WUS are limited. In this way, DCP can be configured to the UE to obtain the power saving gain. This option leaves flexibility to the network, but then requires configuring/reconfiguring the UE every time the coverage status changes. 
From the network perspective, it is aware of which UE applies LP-WUS or DCP since the network performs the configuration. Hence, the network does not need to send both LP-WUS and DCP at the same time for the UE.

Option 3:	Both LP-WUS and DCP can be configured for a UE. However, UE may use only one of them at any time, e.g. depend on network configuration or link quality, etc.
With Option 3, UE is configured with both LP-WUS and DCP, and the UE judges whether the conditions for LP-WUS are satisfied, wherein the conditions can be configured by the network, e.g. the thresholds of the link quality and etc.
Hence, one question is whether the network needs to be aware which signal is used by the UE. If the network knows which UE uses LP-WUS or DCP, it needs to send only one kind of signal with lower resource and power consumption but this definitely brings extra UL signalling overhead since the UEs have to report to the network everytime they switch from LP-WUS to DCP and vice-versa. Otherwise, both signals need to be sent to the UE which brings higher resource and energy consumption. 
Considering the similar issue is also being discussed for RRC_IDLE/INACTIVE state, i.e., whether both signals should be sent always or whether NW should know which UEs should receive LP-WUS and which UE should receive PEI, we can wait for the progress in RRC_IDLE/INACTIVE state and then see impact on RRC_CONNECTED state.
Option 4:	LP-WUS is used in conjunction with DCP, e.g. LP-WUS first wakes up MR, which then monitors DCP.
In this option, the UE firstly monitors LP-WUS and then monitors DCP to decide whether to start DRX on duration timer. 
From the network perspective, it has to send two redundant signals, and it is unclear which functionality DCP adds on top of LP-WUS.
From UE perspective, the UE has to monitor 2 kinds of signals, i.e. LP-WUS and DCP. This brings extra latency to the whole procedure even though the latency is not so large compared with the time for MR waking up.
Option 5:	LP-WUS is an independent feature from DCP and DRX, i.e., upon receiving the indication for MR ON, the UE follows the legacy procedure, e.g., DRX and DCP.
In this option, the whole procedure is transparent to MAC which is similar to PDCCH skipping. Hence, we can deprioritize the discussion of option 5 in RAN2 and leave the discussion to RAN1.
Based on the discussion above, it is summarized in Table 1:
Table 1: Impacts on RAN2 on 4 options for LP-WUS and DCP co-existence
	
	Impacts on RAN2

	Option 2
	From the UE perspective, the UE only needs to monitor one kind of signal based on network configuration or (de-)activation.
From the network perspective, it sends only one kind of signal since the signal is configured by the network. And the network configures the signal based on the channel condition of the UE.

	Option 3
	It has the similar issue whether the network needs to be aware which signal the UE monitors in RRC_IDLE/INACTIVE state. And we can wait for the progress in the similar discussion for RRC_IDLE/INACTIVE state.

	Option 4
	From the UE perspective, the UE has to monitor 2 kinds of signals and this also brings latency to whole procedure.
From the network perspective, it has to send two redundant signals, and it is unclear which functionality DCP adds on top of LP-WUS

	Option 5
	It is transparent to MAC and can be left to RAN1 to discuss.


It is suggested to capture the above table into the TR.
[bookmark: _Toc146641905]Proposal 1: Capture Table 1 on RAN2 impacts of the 4 options addressing LP-WUS and DCP co-existence.
2.2	Which DRX timer(s) are impacted/controlled by LP-WUS
Based on the analysis above, we prefer option 2 or 3, where LP-WUS simply replaces DCP, i.e., indicates UE to wake-up to start the on-duration timer on the next DRX cycle. We can recommend it in the TR and leave it to the WI to further downselect between options 2 and 3.
Proposal 2: RAN2 recommends in SI conclusion that, in RRC_CONNECTED, when configured and used, LP-WUS replaces DCP, i.e., indicates UE to wake-up to start the on-duration timer on the next DRX cycle.
Conclusion
In this document, we analyse the co-exsitence of LP-WUS and DCP in  RRC_CONNECTED state, and we find the proposals as following:
Proposal 1: Capture Table 1 on RAN2 impacts of the 4 options addressing LP-WUS and DCP co-existence:
Table 1: Impacts on RAN2 on 4 options for LP-WUS and DCP co-existence
	
	Impacts on RAN2

	Option 2
	From the UE perspective, the UE only needs to monitor one kind of signal based on network configuration or (de-)activation.
From the network perspective, it sends only one kind of signal since the signal is configured by the network. And the network configures the signal based on the channel condition of the UE.

	Option 3
	It has the similar issue whether the network needs to be aware which signal the UE monitors in RRC_IDLE/INACTIVE state. And we can wait for the progress in the similar discussion for RRC_IDLE/INACTIVE state.

	Option 4
	From the UE perspective, the UE has to monitor 2 kinds of signals and this also brings latency to whole procedure.
From the network perspective, it has to send two redundant signals, and it is unclear which functionality DCP adds on top of LP-WUS

	Option 5
	It is transparent to MAC and can be left to RAN1 to discuss.




Proposal 2: RAN2 recommends in SI conclusion that, in RRC_CONNECTED, when configured and used, LP-WUS replaces DCP, i.e., indicates UE to wake-up to start the on-duration timer on the next DRX cycle.
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