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1. Introduction
In LP-WUS/WUR WID [1], the following objectives are included.
	· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR


In this contribution, we discuss higher layer design for CONNECTED mode.
2. [bookmark: OLE_LINK139][bookmark: OLE_LINK140]Discussion
In RAN1#116 and RAN1#116bis meeting, the following agreements were reached for CONNECTED mode.
	Agreement
· 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
· 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
· 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
· 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.
· Combination of options in Case 1 should be considered.
· RAN1 does not discuss C-DRX related timers other than drx-onDurationTimer, this topic is up to RAN2
· Note: Above does not preclude to support fallback mechanism to trigger PDCCH monitoring, if any

Agreement
For RRC CONNECTED mode, maximum number of LP-WUS information bits is up to X bits 
· FFS value X, which is no more than [8 or 16]

Agreement
For RRC CONNECTED mode, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is introduced considering at least following
· LP-WUS processing time
· MR transition time for ramp up
· Time/frequency synchronization of MR
· FFS whether UE can report supported minimum time gap from candidate values
FFS: Whether the minimum time gap values can be more than one

Agreement
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.


1 
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The detailed design for the use of LP-WUS in CONNECTED mode was discussed also in RAN2 during study phase with following directions/options.
	· Direction 1: LP-WUS monitoring occasion is determined based on timer(s) related C-DRX
· Option 1-1: similar to Rel-16 DCP, i.e. the LP-WUS monitoring occasion is located before drx-onDurationTimer
· Option 1-2: the LP-WUS monitoring occasion is located at any time outside DRX active time to indicate UE to enter into active time
· Direction 2: LP-WUS monitoring occasion is not determined based on timer(s) related C-DRX
· Option 2-1: the LP-WUS monitoring occasion is located at any time regardless of whether DRX is configured or not
· Direction 3: LP-WUS is transparent to current MAC operation


Basic functionality for LP-WUS
Based on latest RAN1 agreement, LP-WUS can only be configured when C-DRX is configured, from RAN2 perspective, the options can be simplified as the following two way forwards (WF):
· WF #1: LP-WUS is used to trigger the starting of the drx-onDurationTimer, i.e. LP-WUS is a replacement of Rel-16 DCP;
· WF #2: LP-WUS is used to trigger MR PDCCH monitoring as soon as possible (e.g. after LP-WUS reception/processing time, MR transition time, and time for synchronization of MR).
For WF #1, i.e. LP-WUS replacing Rel-16 DCP, after the UE receives a LP-WUS targeted to itself, the UE needs to wait until the next onDuration period before it can monitor PDCCH, since UE can only monitor PDCCH within Active Time. Then additional latency may be introduced, as illustrated in Fig. 1. For DCP, the power saving gain is obtained by sacrificing latency due to duty cycle monitoring for DCP. As the power consumption for LP-WUR is less compared to MR, continuous monitoring of LP-WUS can be supported and the power saving gain can be achieved without introducing additional latency. There is no point in introducing a new mechanism to replace an old one without additional gain. So Way forward #1 is not preferred for LP-WUS.
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[bookmark: _Ref158212956]Fig.1. Additional latency may be introduced if UE monitors PDCCH until next onDuration
Observation 1: If LP-WUS replaces Rel-16 DCP, additional latency may be introduced.
Proposal 1: UE starts MR PDCCH monitoring as soon as possible (e.g. after LP-WUS reception/processing time, MR transition time, and time for synchronization of MR) after LP-WUS targeted to itself is received, i.e. LP-WUS is not a replacement of Rel-16 DCP.
Regarding WF#2, similar to legacy principle, UE’s MR is only required to monitor PDCCH during the Active Time of C-DRX; otherwise, during the Non Active Time of C-DRX, UE’s LP-WUR monitors LP-WUS. The difference is, for DL data reception, the UE does not need to start drx-onDurationTimer during onDuration period to avoid unnecessary switch to MR, MR PDCCH monitoring is triggered by LP-WUS sent by the gNB. For example, the gNB sends LP-WUS to the UE if DL data arrives which triggers the UE’s MR to enter C-DRX Active Time as soon as possible (e.g., starting drx-InactivityTimer). When the C-DRX Active Time ends (e.g., when C-DRX related timer expires OR stopped by (Long) DRX Command MAC CE), UE switches to LP-WUR and the MR enters sleep mode. 
As an alternative solution, the definition of Active Time of C-DRX is not impacted by LP-WUS. Legacy C-DRX related timers keep running when UE is monitoring LP-WUS, it is PHY layer that ensures PDCCH is not monitored during LP-WUS monitoring period, which is a “PDCCH skipping” like mechanism. In this case, “LP-WUS monitoring” has higher controlling priority than “C-DRX related timers” on whether monitoring PDCCH, and this solution is transparent to current MAC operation.
Proposal 2: RAN2 to further discuss the two options:
· Option 1 (MAC solution): LP-WUS impacts on C-DRX related timers to control MR PDCCH monitoring.
· [bookmark: _GoBack]Option 2 (PHY solution): Leave it to RAN1 to make sure UE’s MR doesn’t monitor PDCCH during LP-WUS monitoring period.
Activation/deactivation procedure of LP-WUS monitoring
In TR 38.869, the following candidate methods are summarized [2].
	-	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.


Firstly, it is meaningful to clarify the terminology in the TR where RAN2 uses “activate/deactivate” to represent the start/stop of LP-WUS monitoring. This terminology in LP-WUS study context does not mean “configure/enable/disable” of the feature.
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Fig.2. Activation/deactivation of LP-WUS monitoring
UE can only use LP-WUS only when the LP-WUS function is configured (i.e. enabled) and activated by the gNB, otherwise, the UE always uses MR. Generally, the configuration for UE in RRC_CONNECTED mode is UE specific via dedicated RRC signaling, e.g. based on UE and NW capability. The similar way can be used for LP-WUS, that is, UE specific configuration for LP-WUS by dedicated RRC signaling should be supported, i.e. to enable/disable the LP-WUS function.
Proposal 3: In CONNECTED mode, UE specific configuration for LP-WUS by dedicated RRC signaling is supported, i.e. to enable/disable the LP-WUS function.
To save power, UE can monitor LP-WUS based on gNB’s indication when there is no traffic and switch to monitor PDCCH when traffic arrives. In other words, the activation/deactivation of LP-WUS is highly dependent on the traffic arrival. Therefore, it may be not flexible enough to trigger activation/deactivation of LP-WUS monitoring by RRC signaling which takes effect slowly. Instead, a more dynamic triggering of LP-WUS monitoring is a better choice. 
Observation 2: A more dynamic and flexible triggering of LP-WUS monitoring than RRC signaling is needed for activation/deactivation of LP-WUS considering DL traffic’s arrival.
As one method, LP-WUS monitoring can be triggered explicitly by L1/L2 signaling, e.g. by DCI or MAC CE. As another method, LP-WUS monitoring can be triggered implicitly by a timer to reduce signaling overhead. For example, a timer can be started if the UE receives LP-WUS to wake up MR and restarted if PDCCH indicates a UL grant or a DL assignment, and when the timer expires, LP-WUS monitoring is activated. 
When DL traffic for a particular UE arrives, the gNB will send LP-WUS to trigger MR PDCCH monitoring for data transmission. Or the signal quality for LP-WUS is not good enough, the gNB can send LP-WUS to wake up the MR. Therefore, it is obvious that LP-WUS monitoring can be deactivated by the reception of LP-WUS targeted to the UE. Moreover, as discussed and agreed during the study phase, UL transmission by MR also triggers PDCCH monitoring by MR. Because when UL traffic arrives, it is expected that the UL data can be transmitted in a timely manner.
Proposal 4: In CONNECTED mode, LP-WUS monitoring can be:
· activated by L1/L2 signaling and/or timer;
· deactivated by the reception of LP-WUS targeted to the UE and/or UL transmission by MR.
Other higher layer impacts
SPS
Based on Proposal 1 above, LP-WUS indication in CONNECTED mode is to trigger MR PDCCH monitoring, the LP-WUS only impacts MR PDCCH monitoring. However, for configured resources, as the gNB allocates SPS resources despite knowing the LP-WUS is enabled, gNB expects the UE to perform legacy operation on configured resources, and there is no mismatch between UE and gNB on LP-WUR/MR monitoring. From UE perspective, UE should monitor SPS resources by MR to avoid missing any DL data.
Proposal 5: SPS is not impacted by LP-WUS, i.e. UE still needs to wake up MR to perform legacy operation on configured resources.
SRS transmission and CSI reporting
In existing DRX and Rel-16 DCP operation, the UE behavior for SRS (periodic SRS and semi-persistent SRS) transmission and CSI reporting (periodic CSI, that is L1-RSRP or not, and semi-persistent CSI) are additionally defined in order to save power. Similarly for LP-WUS, the UE behaviour for SRS transmission and CSI reporting also needs to be considered to reduce the power consumption. For example, as for DCP, when UE is monitoring LP-WUS, the UE does not need to transmit periodic SRS and semi-persistent SRS, report semi-persistent CSI configured on PUSCH and report semi-persistent CSI on PUCCH.
Proposal 6: RAN2 to discuss the UE behavior for SRS transmission and CSI reporting while UE is operating with LP-WUS.
3. Conclusion
In this paper, we discuss higher layer design for CONNECTED mode, and have the following proposals.
Basic functionality for LP-WUS
Proposal 1: UE starts MR PDCCH monitoring as soon as possible (e.g. after LP-WUS reception/processing time, MR transition time, and time for synchronization of MR) after LP-WUS targeted to itself is received, i.e. LP-WUS is not a replacement of Rel-16 DCP.
Proposal 2: RAN2 to further discuss the two options:
· Option 1 (MAC solution): LP-WUS impacts on C-DRX related timers to control MR PDCCH monitoring.
· Option 2 (PHY solution): Leave it to RAN1 to make sure UE’s MR doesn’t monitor PDCCH during LP-WUS monitoring period.
Activation/deactivation procedure of LP-WUS monitoring
Proposal 3: In CONNECTED mode, UE specific configuration for LP-WUS by dedicated RRC signaling is supported, i.e. to enable/disable the LP-WUS function.
Proposal 4: In CONNECTED mode, LP-WUS monitoring can be:
· activated by L1/L2 signaling and/or timer;
· deactivated by the reception of LP-WUS targeted to the UE and/or UL transmission by MR.
Other higher layer impacts
Proposal 5: SPS is not impacted by LP-WUS, i.e. UE still needs to wake up MR to perform legacy operation on configured resources.
Proposal 6: RAN2 to discuss the UE behavior for SRS transmission and CSI reporting while UE is operating with LP-WUS.
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