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1. [bookmark: _Toc18413600][bookmark: _Toc18403966][bookmark: _Toc18404533]Introduction
[bookmark: OLE_LINK3]In RAN#102 meeting, a new WID on Low-power wake-up signal and receiver for NR (LP-WUS/WUR) was approved. In RAN#103 meeting, the WID was further refined in [1] with the following objective for LP-WUS in connected:
· 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
[bookmark: OLE_LINK22]In this contribution, we will discuss the RAN2 related issues on procedure of LP-WUS for RRC_CONNECTED state and give our proposals.
2. Discussion
2.1 RAN1 progress on LP-WUS design
In RAN1#116bis meeting, the following agreements have been made for LP-WUS design [2]: 
	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.
· Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration. LP-WUS can be monitored at any time according to the LP-WUS monitoring configuration
· FFS duty-cycled and/or continuous LP-WUS monitoring
· Combination of options in Case 1 and combination of options in Case 1 and Case 2 are not precluded 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



Since RAN 1 has already discussed the procedure of LP-WUS for RRC_CONNECTED state and made some agreements, RAN2 should follow RAN1’s decision and discuss the RAN2 related issues further.
2.2 Configuration for LP-WUS in RRC_CONNECTED state
Since the LP-WUS monitoring for RRC-CONNECTED is used to trigger UE specific PDCCH monitoring, the LP-WUS configuration for RRC-CONNECTED should be provided by UE specific signaling. Considering that LP-WUS configuration highly depend on RAN1 agreement for LP-WUS design, and there is not conclusion for LP-WUS design in RAN1 till now, RAN2 can postpone the discussion on what information should be configured for LP-WUS in RRC_CONNECTED state until there is agreement for the LP-WUS design in RAN1.
Proposal 1: LP-WUS configuration for RRC-CONNECTED should be provided by UE specific signaling, and FFS on what information is configured.
2.3 Activation/deactivation for LP-WUS monitoring in RRC_CONNECTED state
To support LP-WUS monitoring in RRC_CONNECTED state, the provision of LP-WUS configuration via dedicated signaling will be necessary, which can be seen as an implicit activation to apply LP-WUS for UE in RRC_CONNECTED state.
Proposal 2: The provision of LP-WUS configuration via dedicated signaling is seen as an implicit activation to apply LP-WUS for UE in RRC_CONNECTED state.
Whether to support L1/L2 activation/deactivation of LP-WUS in RRC-CONNECTED depends on how often the LP-WUS is activated/deactivated, which further depends on the LP-WUS performance and the coverage of LP-WUS, e.g. whether the coverage of LP-WUS in RRC_CONNECTED can be the same or larger than the NR coverage, which depends on RAN1 design for LP-WUS.
Observation 1: Whether to support L1/L2 activation/deactivation of LP-WUS in RRC-CONNECTED depends on the LP-WUS performance and the coverage range.
Proposal 3: RAN2 can postpone the discussion on whether to support L1/L2 activation/deactivation of LP-WUS in RRC-CONNECTED until there is agreement for the LP-SS and LP-WUS design in RAN1.
2.4 LP-WUS monitoring schemes with C-DRX configured
About Option 1-1 in RAN1 agreement for LP-WUS monitoring for RRC_CONNECTED state. 
· 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
To support this option, only the LP-WUS start offset should be determined, which may replace DCP functionality and decrease the UE power consumption further, meanwhile it impacts RAN2 specification less. Thus, RAN2 can consider this option as baseline for LP-WUS monitoring in RRC_CONNECTED state.
Observation 2: Option 1-1(e.g. LP-WUS replace DCP) can save UE power and impacts RAN2 specification less.
Proposal 4: RAN2 consider the option 1-1(e.g. LP-WUS replace DCP) as baseline for LP-WUS monitoring in RRC_CONNECTED state.
About Option 1-2 in RAN1 agreement for LP-WUS monitoring for RRC_CONNECTED state
· 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
This option is mainly used to decrease the service delay, e.g. when DL data burst arrives outside the C-DRX active time, LP-WUS can trigger the UE to enter the C-DRX active time and monitor PDCCH for DL scheduling.
Since RAN1 has decided not to support LP-WUS without C-DRX configured, but legacy C-DRX on-duration timer can be started only in some fixed occasion, which may lead large delay for non-periodic traffic if large C-DRX cycle is configured, the legacy C-DRX mechanism is not suitable for delay critical service if large C-DRX cycle is configured. With the LP-WUS monitoring outside the legacy C-DRX active time, the delay for non-periodic traffic can be decreased much. Considering that LP-WUS monitoring will cost little UE power, both the latency reduction and UE power saving gain can be achieved, but this impacts the C-DRX mechanism, e.g. the on-duration start mechanism will be impacted.
Observation 3: Option 1-2 can reduce the latency for delay critical service and save UE power, but the C-DRX on-duration start mechanism will be impacted.
About Option 1-3 in RAN1 agreement for LP-WUS monitoring for RRC_CONNECTED state
· 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.
This option can be used to decrease the UE power when intermittent DL data burst arrives at gNB, e.g. in the C-DRX active time, only if LP-WUS is detected, UE monitors PDCCH. Since LP-WUS consumes little UE power, a small C-DRX cycle, large drx-OndurationTimer and/or large drx-inactiveTimer can be configured to keep the UE always in the DRX active time. This solution can also reduce the UE power consumption, but the following issue should be considered: Whether the LP-WUS will be monitored when the HARQ timer is running. If LP-WUS will be monitored when the HARQ timer is running, the UE performance should be evaluated, e.g. whether UE can monitor LP-WUS and perform main radio Tx/Rx simultaneously; if LP-WUS will be monitored only after the HARQ timer expires, the LP-WUS monitoring may lead PDCCH monitoring delay, and further lead traffic transmission delay, which depends on the RAN1 design for LP-WUS, e.g. the time GAP between LP-WUS monitoring and PDCCH monitoring.
Observation 4: Option 1-3 can also reduce UE power consumption, meanwhile keep small data transmission latency, but the UE performance and the PDCCH monitoring delay caused for LP-WUS monitoring should be evaluated by RAN1.
Proposal 5: Whether to support Option 1-2(monitoring LP-WUS outside the C-DRX active time) or Option 1-3(monitoring LP-WUS inside the C-DRX active time) can wait for RAN1’s further agreement.
3. Conclusion
[bookmark: _Toc18413612][bookmark: _Toc18404543][bookmark: _Toc18403976]Observation 1: Whether to support L1/L2 activation/deactivation of LP-WUS in RRC-CONNECTED depends on the LP-WUS performance and the coverage range.
[bookmark: _GoBack]Observation 2: Option 1-1(e.g. LP-WUS replace DCP) can save UE power and impacts RAN2 specification less.
Observation 3: Option 1-2 can reduce the latency for delay critical service and save UE power, but the C-DRX on-duration start mechanism will be impacted.
Observation 4: Option 1-3 can also reduce UE power consumption, meanwhile keep small data transmission latency, but the UE performance and the PDCCH monitoring delay caused for LP-WUS monitoring should be evaluated by RAN1.
Proposal 1: LP-WUS configuration for RRC-CONNECTED should be provided by UE specific signaling, and FFS on what information is configured.
Proposal 2: The provision of LP-WUS configuration via dedicated signaling is seen as an implicit activation to apply LP-WUS for UE in RRC_CONNECTED state.
Proposal 3: RAN2 can postpone the discussion on whether to support L1/L2 activation/deactivation of LP-WUS in RRC-CONNECTED until there is agreement for the LP-SS and LP-WUS design in RAN1.
Proposal 4: RAN2 consider the option 1-1(e.g. LP-WUS replace DCP) as baseline for LP-WUS monitoring in RRC_CONNECTED state.
Proposal 5: Whether to support Option 1-2(monitoring LP-WUS outside the C-DRX active time) or Option 1-3(monitoring LP-WUS inside the C-DRX active time) can wait for RAN1’s further agreement.
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