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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In previous RAN2 meetings, preliminary agreements on LP-WUS were achieved, primarily focusing on RRC Idle/Inactive. However it was also clarified in RAN2#121bis-e meeting that: “Confirm that we follow R1 and include RRC idle/inactive/connected” [1]. In this document, we continue to discuss the RAN2 impact from LP-WUS usage in RRC_CONNECTED mode.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Discussion
2.1	LP-WUS monitoring in RRC Connected
In Rel-16, DCP was specified so that a UE configured with C-DRX may be indicated by DCP whether it is required to monitor or not the PDCCH during the next occurrence of the DRX on-duration according to the configuration. If the UE does not detect a DCP, it does not monitor the PDCCH during the next occurrence of the on-duration, unless it is explicitly configured to do so in that case [2].
In RAN1#113 meeting [3], it was agreed that:
	Agreement
· In RRC CONNECTED mode, study benefit of LP-WUS over existing Rel-15, R16, and R17 power saving techniques for following functionalities: 
· LP-WUS with similar functionality as R16 DCP. 
· LP-WUS activates/resumes PDCCH monitoring when LP-WUS is received.
· interaction with legacy power saving techniques, if any 
· other functionalities are not precluded
· for evaluation 
· companies to report 
· assumption on MR sleep state when LP-WUR is monitoring LP-WUS
· deep sleep,
· light sleep, 
· micro sleep
· how to activate/deactivate LP-WUS monitoring and deactivate/activate PDCCH monitoring
· LP-WUS waveform


Based on the agreements made in RAN1, it can be seen that LP-WUS with similar functionality as R16 DCP should be a baseline assumption and the following procedures can be further studied in RAN2.
2.1.1	LP-WUS procedure
If LP-WUS is used to replace DCP, the UE can monitor LP-WUS before the occurrence of the on-duration. If the UE does not detect LP-WUS, the UE will not monitor the PDCCH for the next occurrence of the on-duration. The procedure is illustrated in Figure 1.


[bookmark: _Ref131438133]Figure 1: LP-WUS replacing DCP
Similar to the PEI case in Idle/Inactive, assuming LP-WUS exactly replaces the DCP functionality, the impact on the connected mode procedures will be quite small. Hence, it is proposed that:
[bookmark: _Toc134732611][bookmark: _Toc142661101]Proposal 1: RAN2 to study LP-WUS procedure in RRC_CONNECTED where LP-WUS replaces DCP.
2.1.2	Information carried in LP-WUS 
And it was agreed in RAN1#112bis-e meeting that:
	· For CONNECTED mode, study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g UE-group, -subgroup or -ID


From RAN2 perspective, when LP-WUS is applied to replace DCP, it is likely the PS-RNTI/C-RNTI like information may be carried in LP-WUS. However, whether the UEs are divided into groups is up to the network implementation. From the network’s perspective, multiple UEs may be assigned to one group based on their traffic characteristics/requirements and one X-RNTI may be assigned to the UEs in the group. Moreover, the current DCP explicitly tells the UE to start / not start the drx-onDurationTimer for the next long DRX cycle. However whether this explicit indication also needs to be provided in LP-WUS or would the UE derive this information by other means (e.g. presence/absence of the LP-WUS or of the UE-ID information in the payload) depends on the final LP-WUS design. Hence, at this stage, it is proposed that:
[bookmark: _Toc134732612][bookmark: _Toc142661102]Proposal 2: For CONNECTED mode, at least some UE-group or UE-ID information should be carried by the LP-WUS when LP-WUS intends to replace DCP.
2.2	LP-WUS configuration
In RAN1#113 meeting, it was agreed that:
	· In RRC CONNECTED mode, LP-WUS monitoring can be activated/deactivated by at least one or more of
· by gNB RRC signaling, with or without UE assistance.
· by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
· based on pre-configured condition(s), such as timer. 
· LP-WUS monitoring by UE is known to gNB, study whether it could be transparent to gNB.
· other options are not precluded.


From RAN2’s perspective, if LP-WUS is applied to replace DCP, the configuration procedure similar DCP should be adopted, which is equivalent to the activation/deactivation procedure by RRC signalling discussed in RAN1. Besides, the network is aware of the UE capability and traffic in RRC_CONNECTED state. Hence, the LP-WUS can be configured via dedicated-signaling by the network considering:
-	The traffic of the UE;
-	Whether the UE supports LP-WUS, i.e. the UE capability.
When the UE is configured with LP-WUS, the UE monitors LP-WUS. Otherwise, the UE does not monitor LP-WUS.
[bookmark: _Toc134732613][bookmark: _Toc142661103]Proposal 3: If LP-WUS can be applied in CONNECTED mode to replace DCP, the UE monitors LP-WUS when it receives the LP-WUS configuration via UE-dedicated signaling.
2.3	RRM
In previous RAN1 meetings [3]-[4], the following agreements were made for RRM in RRC Connected with LP-WUS:
	RAN1#112
Agreement
Study potential measurement metric used for RRM measurements performed by LP-WUR. 
· examples of measurement metric are signal quality, signal power, detection rate of LP-WUS/synch signal
· companies to report assumption of signal used for measurements

	RAN1#112bis-e
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.


Based on the agreements highlighted in yellow, it can be seen that RRM measurement in RRC_CONNECTED mode is performed by UE MR and further study on additional support of RRM measurement by LP-WUR for RRC connected mode will continue. But whether additional support of RRM measurement is needed by LP-WUS highly depends on the design in RAN1 and RAN4. The issues mentioned in RAN1 agreements still require further investigation in RAN1, for instance:
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Band of LP-WUS can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)
Hence, it is proposed that: 
[bookmark: _Toc134732614][bookmark: _Toc142661104]Proposal 4: RAN2 waits for further RAN1 progress before studying the use of LP-WUS for RRM measurements in RRC_CONNECTED mode.
Conclusion
In this document, we analyse issues for LP-WUS procedures in  RRC_CONNECTED state, and we find the proposls as following:
[bookmark: _GoBack]Proposal 1: RAN2 to study LP-WUS procedure in RRC_CONNECTED where LP-WUS replaces DCP.
Proposal 2: For CONNECTED mode, at least some UE-group or UE-ID information should be carried by the LP-WUS when LP-WUS intends to replace DCP.
Proposal 3: If LP-WUS can be applied in CONNECTED mode to replace DCP, the UE monitors LP-WUS when it receives the LP-WUS configuration via UE-dedicated signaling.
Proposal 4: RAN2 waits for further RAN1 progress before studying the use of LP-WUS for RRM measurements in RRC_CONNECTED mode.
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