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1. Introduction
[bookmark: Proposal_Beacon]Currently, the UE’s Main Radio (MR) needs to periodically monitor PDCCH once per DRX cycle, which dominates the power consumption in periods with no signaling or data traffic. If the UE’s MR can wake up only when they are triggered (e.g. paging), power consumption could be dramatically reduced. This can be achieved by using a wake-up signal to trigger the main radio and a separate receiver which has the ability to monitor wake-up signal with ultra-low power consumption. Main radio works for data transmission and reception, which can be turned off or set to deep sleep unless it needs to monitor PDCCH [1]. The following agreements were made at the RAN1 #116 and RAN1 #116bis meetings:
	Agreements at RAN1 #116:
For RRC CONNECTED mode, from RAN1 perspective, 
· PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling
· FFS whether to support UE assistance.
· LP-WUS monitoring by UE is known to gNB.
· FFS whether implicit/explicit indication from UE is necessary
· In case LP-WUS monitoring is enabled, following options are further studied
· Option 1: No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring.
· Option 2: Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.
· Option 3: Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.
· Option 4: Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission.

Agreements at RAN1 #116bis:
1. Regarding the LP-WUS information to trigger PDCCH monitoring of RRC connected UEs, at least consider the following：
· Option 1: A bitmap with each bit corresponding to [one or more] UEs
· Option 2: A codepoint value corresponding to one or part of UE identity, e.g., C-RNTI
· Option 3: A codepoint value corresponding to [one or more] UEs
· Option 4: Multiple codepoint values with each corresponding to [one or more] UE(s)
· Option 5: Multiple bit blocks with each corresponding to [one or more] UE(s)
· Combination of above options are not precluded.
· FFS how to carry LP-WUS information, e.g., by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
· FFS how to carry LP-WUS information by overlaid OFDM sequences. 
· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used.
· FFS details of LP-WUS information to trigger PDCCH monitoring (e.g., whether above is applicable to one or more serving cells)
2. For RRC CONNECTED mode, from RAN1 perspective, further study following LP-WUS procedures to trigger PDCCH monitoring:
Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration:
[bookmark: _Hlk166079454]Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer. This option may replace DCP functionality.
Option 1-2: LP-WUS monitoring outside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring. PDCCH monitoring possibly irrespective of drx-onDurationTimer.
a. Option 1-2-1: PDCCH monitoring may be additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS. If this is adopted, it should be configured together with Option 1-1 to achieve power saving gain compared to legacy C-DRX.
b. Option 1-2-2: PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS.
Option 1-3: LP-WUS monitoring inside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
3. Combination of options in Case 1 should be considered.
4. RAN1 does not discuss C-DRX related timers other than drx-onDurationTimer, this topic is up to RAN2.
5. Note: Above does not preclude to support fallback mechanism to trigger PDCCH monitoring, if any.




This contribution looks at the possible RRC Connected Mode procedures for an LP-WUR enabled UE including activation/ deactivation and the use of LP-WUS in Connected Mode DRX. 
2. Discussion
2.1 Activation/ Deactivation of LP-WUS Monitoring
RAN1 has already agreed in previous meetings that gNB RRC singalling will be used to enable/ disable PDCCH monitoring triggered by LP-WUS. And for further activation/ deactivation of LP-WUS monitoring after it has been enabled, RAN1 has provided four options as mentioned above.  
Observation 1 RAN1 has agreed that gNB RRC signalling is used to enable/disable PDCCH monitoring triggered by LP-WUS.
In our view, the activation/deactivation of LP-WUS is related to the traffic arrival and channel conditions, we think at least some implicit activation/ deactivation methods need to be discussed. For example, LP-WUS monitoring may be deactivated when some UL data becomes available for transmission in the HARQ buffers. Additionally, gNB can configure LP-WUS deactivation timer, i.e., a duration after activation and/or configure a LP-WUS activation timer, i.e., a duration after deactivation. We also think it would be beneficial to discuss other activation/ deactivation methods so that network may have more control of when the UE monitors for LP-WUS. 
Furthermore, RAN1 has agreed that the gNB is aware of LP-WUS monitoring in the UE. We think that some explicit indication may be used for the purpose of network awareness, i.e., the UE indicates to the network when it is actively monitoring for LP-WUS or when it stops monitoring for the LP-WUS (e.g., due to fulfilling the LR exit conditions). For example, some dedicated RRC signalling may be used for this purpose. 
[bookmark: _Hlk166142596] In the case that LP-WUS monitoring is enabled, RAN2 to consider additional conditions to activate/deactivate the LP-WUS monitoring.
UEs in RRC_CONNECTED state should report its LP-WUS monitoring status to gNB, e.g., by dedicated RRC signalling.
2.2 LP-WUS for Connected-Mode DRX
[bookmark: _Hlk118269482]As per the R16 power saving item, in RRC Connected Mode, the MR may be configured with a DCI 2_6 (Wake-Up Signal). This DCI format 2_6 is monitored outside of the DRX active time to decide whether the MR needs to be woken up in the next drx-onDurationTimer. RAN2 should discuss how the UE may use the LP-WUS to wake up the MR such that the power saving gain achieved by using the LR must be higher than the power saving gain achieved by using only the DCI format 2_6, at the least.  
RAN1 has already concluded that PDCCH monitoring triggered by LP-WUS is used when C-DRX is configured, and have also provided different options (as below) of how LP-WUS may be used in this case. RAN2 may further consider the C-DRX impact on LP-WUS triggered PDCCH monitoring for UEs in RRC_CONNECTED state, by considering different options into considerations. 
Option 1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer. This option may replace DCP functionality.
Option 2: LP-WUS monitoring outside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring. PDCCH monitoring possibly irrespective of drx-onDurationTimer.
Option 2-1: PDCCH monitoring may be additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS. If this is adopted, it should be configured together with Option 1-1 to achieve power saving gain compared to legacy C-DRX.
Option 2-2: PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS.
Option 3: LP-WUS monitoring inside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
In our view, Option 1 is the most straightforward solution. The LP-WUS signal can be used to replace the legacy DCI 2_6 signal to achieve power saving gain without impacting any of the legacy DRX timers. In this case, LP-WUS monitoring configuration is associated with legacy C-DRX configuration, e.g., the LP-WUS monitoring is performed before legacy drx-onDurationTimer and the LP-WUS is used to trigger the starting of the drx-onDurationTimer. When LP-WUS is detected before the drx-onDurationTimer, UE performs PDCCH monitoring when the associated drx-onDurationTimer starts. Otherwise, UE skips this drx-onDurationTimer and stays asleep. The duration between the LP-WUS detection and the start point of drx-onDurationTimer may depend on the UE capability and potential processing delay to switch from the LR to MR, which may be left to RAN1’s conclusions. Hence, RAN2 should discuss the use of LP-WUS to replace the legacy DCP signal. 
[bookmark: _Hlk166142637][bookmark: _Hlk149662031]RAN2 to discuss the use of LP-WUS to replace the legacy DCI 2_6 signal. 
Since RAN1 also confirmed that the combination of different options is feasible, Option1 can also be configured together with Option 2-1 if adopted. In other options i.e., Option 2-2 and Option 3, LP-WUS monitoring configuration may be independent of legacy C-DRX configuration. In this case, LP-WUS monitoring may be performed at any time based on the configuration, i.e., inside or outside legacy C-DRX active time. When LP-WUS is detected, UE may trigger PDCCH monitoring regardless of whether the legacy drx-onDurationTimer is running or not. In such a case, to control the duration of PDCCH monitoring triggered by LP-WUS, it is suggested to introduce an additional timer for PDCCH monitoring triggered by LP-WUS, which can be configured by network with the LP-WUS configuration to align with the traffic arrival time and potential processing delay. Specifically:
· When LP-WUS is detected outside legacy DRX active time, UE switches from LP-WUS monitoring to PDCCH monitoring, and while the timer is running, UE performs PDCCH monitoring.
· [bookmark: _Hlk166142658]When LP-WUS is detected inside legacy DRX active time, it may also depend on current MR status for PDCCH monitoring. We intend to think that when UEs in RRC_CONNECTED state performs LP-WUS monitoring, UE’s MR is in sleep state for power saving consideration. Then when LP-WUS is detected inside DRX active time, UE may trigger the MR to wake up to perform the PDCCH monitoring and starts the timer, UE performs PDCCH monitoring when the timer is running. Here, it is important to note that the feasibility of receiving the LP-WUS inside the legacy DRX active time is dependent on how long MR requires to start PDCCH monitoring after receiving the LP-WUS wake-up indication, which may also affect the power saving gain if MR may not be allowed to enter light or deep sleep. 
RAN2 to discuss timer-based PDCCH monitoring when PDCCH is triggered by LP-WUS, in the case that LP-WUS monitoring is not associated with drx-onDurationTimer.
Additionally, in legacy C-DRX configuration, RRC controls DRX operations by configuring different parameters and timers, e.g., drx-onDurationTimer, drx-Inactivity timer, etc.  To make the design simpler, it is suggested that the timer for PDCCH monitoring triggered by LP-WUS operates independently from legacy C-DRX timers. Furthermore, as indicated by RAN1 agreements, RAN1 does not discuss C-DRX related timers other than drx-onDurtaionTimer, this topic is up to RAN2. While the definition of DRX active time includes the time as defined in TS 38.321[3] provided below, RAN2 is suggested to discuss C-DRX related timer impacts (i.e., other than drx-onDurationTimer) if any on PDCCH monitoring triggered by LP-WUS.  
· drx-onDurationTimer or drx-InactivityTimer configured for the DRX group is running; or
· drx-RetransmissionTimerDL, drx-RetransmissionTimerUL or drx-RetransmissionTimerSL is running on any Serving Cell in the DRX group; or
· ra-ContentionResolutionTimer (as described in clause 5.1.5) or msgB-ResponseWindow (as described in clause 5.1.4a) is running; or
· a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4 or 5.22.1.5). If this Serving Cell is part of a non-terrestrial network, the Active Time is started after the Scheduling Request transmission that is performed when the SR_COUNTER is 0 for all the SR configurations with pending SR(s) plus the UE-gNB RTT; or
· a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clauses 5.1.4 and 5.1.4a).

The timer controlled PDCCH monitoring triggered by LP-WUS operates independently from legacy C-DRX timers.
RAN2 to discuss C-DRX related timer impacts (i.e., other than drx-onDurationTimer) if any, on PDCCH monitoring triggered by LP-WUS.  

2.3 MR wake-up due to UL data
During the Study Item Phase, it had been agreed in RAN2 that MR needs to wake-up for PDCCH monitoring when the MR performs some UL data transmission [2].
	Agreements:
UL transmission by MR also triggers PDCCH monitoring by MR. 




This also means that when new UL data becomes available for transmission, it can be considered as an implicit indication to wake-up the MR, if the MR had previously been asleep. This implicit and/ or explicit indication to wake-up may result in a frequent wake-up of MR whenever new data becomes available for transmission after LP-WUS activation leading to a reduction in the power saving gain offered by configuring the LP-WUR. 
Observation 2 [bookmark: _Hlk146806920]Frequent wake-up of MR caused by UL transmission can lead to a reduction in the power saving gain offered by LP-WUR configuration. 
Hence, some enhancements may be considered in the wake-up behavior of the MR to optimize the power saving gain even when some UL transmission needs to take place. For example, one way to avoid reduction in the power saving gain is by delaying the MR wake-up (where wake-up refers to transmission of UL data and the consequent monitoring of PDCCH) when new UL data becomes available for transmission (especially if the data that arrived is not urgent), i.e., the wake-up may be postponed until absolutely necessary. 
Hence, RAN 2 should discuss how MR sleep time may be prolonged when UL data becomes available for transmission.
[bookmark: _Hlk146807035][bookmark: _Hlk146875232][bookmark: _Hlk142471815]RAN2 to discuss means of improving MR sleep time, e.g., by delaying (non-urgent) UL transmissions.
2.4 CSI Reporting 
At present, the UE may frequently report CSI to the network in one of three modes – Periodic, Semi-Persistent and Aperiodic. This implies that the MR may need to remain awake for long periods to transmit such reports to the network, which can significantly diminish the power saving gain offered by using the LR when it is configured. Hence, it may be beneficial to consider some restrictions to CSI reporting such as reduced reporting or reduced measurement when LP-WUS monitoring is activated. Hence, we think it would be beneficial for RAN2 to discuss possible restrictions or relaxations to CSI reporting when LP-WUS is activated.
[bookmark: _Hlk149664581]RAN2 to discuss the restriction or relaxation of CSI reporting when LP-WUS is activated.
3. Conclusion

This document discusses some procedures for a LR capable UE in the RRC Connected Mode. Following are the proposals and observations made in this document:
Observation 1: RAN1 has agreed that gNB RRC signalling is used to enable/disable PDCCH monitoring triggered by LP-WUS.

Proposal 1: In the case that LP-WUS monitoring is enabled, RAN2 to consider additional conditions to activate/deactivate the LP-WUS monitoring.
Proposal 2: UEs in RRC_CONNECTED state should report its LP-WUS monitoring status to gNB, e.g., by dedicated RRC signalling.
Proposal 3: RAN2 to discuss the use of LP-WUS to replace the legacy DCI 2_6 signal.
Proposal 4: RAN2 to discuss timer-based PDCCH monitoring when PDCCH is triggered by LP-WUS, in the case that LP-WUS monitoring is not associated with drx-onDurationTimer.
Proposal 5: The timer controlled PDCCH monitoring triggered by LP-WUS operates independently from legacy C-DRX timers.
Proposal 6:	RAN2 to discuss C-DRX related timer impacts (i.e., other than drx-onDurationTimer) if any, on PDCCH monitoring triggered by LP-WUS.  
Observation 2: Frequent wake-up of MR caused by UL transmission can lead to a reduction in the power saving gain offered by LP-WUR configuration. 

Proposal 7:	RAN2 to discuss means of improving MR sleep time, e.g., by delaying (non-urgent) UL transmissions.
Proposal 8:	RAN2 to discuss the restriction or relaxation of CSI reporting when LP-WUS is activated.
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