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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
[bookmark: OLE_LINK31]• Initiate the discussion on the configuration, activation/deactivation.
• Initiate the discussion on the procedure of using LP-WUS with/without C-DRX.
2. Discussion
[bookmark: _Hlk166249604]2.1 RAN2 impact on LP-WUS options
In RAN1, there are several options about how UE performs LP-WUS in CONNECTED state. Since these options impacts RAN2 specification, it is worthy to evaluate these options from RAN2 perspective.
· 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
2.1.1    RAN2 impact of Option 1-1
Option 1-1 can be enabled in the same way as for Rel-16 DCP. UE monitors LP-WUS in a LP-WUS monitoring occasion/window in each DRX cycle, at least offset before the slot that the drx-onDurationTimer would start, and the LP-WUS notifies the UE whether the UE shall monitor PDCCH in the DRX Active Time of the DRX cycle.
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Since legacy DRX is applied if the UE detects LP-WUS indication, then the only RAN2 impact is the need for the LP-WUS configuration (e.g. monitoring occasions). The LP-WUS time offset can be UE capability dependent. If the UE does not successfully detect LP-WUS before the time offset of the legacy PDCCH monitoring duration, UE shall wake up to monitor PDCCH as in the legacy procedure.
For Option 1-1, RAN2 specification impact is observed as following:
    - LP-WUS configuration: gNB configures LP-WUS monitoring occasions to UE
    - UE behaviour wrt LP-WUS: 
· UE determines whether to monitor legacy PDCCH active time window (i.e.during drx-onDurationTimer) according to LP-WUS indication. 
· If UE successfully detects LP-WUS before the time offset of the start of the drx-onDurationTimer and is indicated, UE shall  monitor legacy PDCCH active time window (i.e.during drx-onDurationTimer). 
· If UE successfully detects LP-WUS before the time offset of the start of the drx-onDurationTimer and is not indicated, UE skips the C-DRX ON monitoring occasion. 
· If UE fails to decode LP-WUS, UE shall  monitor legacy PDCCH active time window (i.e.during drx-onDurationTimer).
Additionally, RAN1 had UE power saving evaluation on Option 1-1 as in following figure, which shows that Option 1-1 has large benefit compared to legacy C-DRX. However, Option 1-2/1-3 needs to be further evaluated how much gain can be achieved compared to Option 1-1.
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Figure 1: poser saving gain for Option 1-1

Option 1-1 has large power saving gain compared to legacy C-DRX.
Due to the simplicity, minimal specification impact, and already evaluated power saving gains, we propose to establish the Option 1-1 as a baseline for LP-WUS 
Proposal 1 Take Option 1-1 as the baseline for LP-WUS in CONNECTED state
2.1.2    RAN2 impact of Option 1-2
Option 1-2 introduces additional enhancements that UE can monitor PDCCH after successfully detecting LP-WUS, irrespective of the PDCCH occasion being outside or inside of the legacy PDCCH active time window, as shown in Figure 2. There are two options  on whether UE needs to monitor legacy PDCCH occasions, as shown in the figure below.


While it could be argued that this approach could reduce the DL transmission latency due to legacy C-DRX cycle, there could be a significant specification impact and  the benefits have not been evaluated.
The newly introduced PDCCH occasions do not follow existing C-DRX configurations such as drx-LongCycleStartOffset, drx-SlotOffset, shortDRX. This would require new mechanisms and a new RRC configurations.Also, a new MAC procedure and PDCCH monitoring procedure (e.g. UE behavior on starting or stopping monitor PDCCH occasions) need to be introduced. 
The relationship of the new PDCCH occasions and legacy PDCCH occasions needs to be further discussed, e.g. whether UE additionally monitors the legacy PDCCH occasions, as Option 1-2-1 and Option 1-2-2. The legacy C-DRX normally is configured according to DL QoS requirements and traffic characteristics, and if UE does not monitor legacy PDCCH occasion, whether the QoS requirement may be deviated. Also, interaction with HARQ operation has to be specified.
For Option 1-2-1, gNB has to send PDCCH in both of the new PDCCH occasions and legacy PDCCH occasions, which will consume PDCCH signalling overhead.
For Option 1-2, RAN2 specification impact are observed as following:
- New RRC configurations: e.g. starting/stop point and on duration time are needed to be configured to the UEs to calculate the new PDCCH monitoring occasions.
- New MAC procedure and PDCCH monitoring procedure: need to be introduced for UE to calculate and monitoring the new PDCCH occasions.
- For Option 1-2-1, gNB needs to send PDCCH in both of the new PDCCH occasions and legacy PDCCH occasions, which will consume PDCCH signalling overhead.
- QoS and HARQ interaction:  legacy C-DRX is set based on QoS requirements and DL traffic characteristics, and HARQ retransmissions are accounted.
-  For option 1-2-2, UE does not monitor legacy PDCCH occasions, this option is same as Option 1-1
Based on the observation, it is proposed that Option 1-2 is FFS to be introduced.
Proposal 2 [bookmark: _Hlk165752020]Option 1-2 is FFS to be introduced.
2.1.3    RAN2 impact of Option 1-3

Option 1-3 is further enhanced of the Option 1-1, where LP-WUS is monitored inside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring, as shown in Figure 3.


This option has potential benefit on UE power consumption as UE does not need to monitor all PDCCH occasions during the active time duration. Only when the UE detects LP-WUS successfully, it will monitor PDCCH occasion during the active time duration. This deviates from the legacy procedure, and the gNB would need to configure additional LP-WUS monitor occasions during the PDCCH active time on-duration window. Also, UE behavior to monitor LP-WUS needs to further enhanced. Inside of the PDCCH active time on-duration window, it is unclear whether UE needs to monitor the PDCCH occasions before the LP-WUS occasion.
For Option 1-3, RAN2 specification impact and questions are observed as following:
· Besides the LP-WUS MO configuration in Option 1-1, gNB needs to configure additional LP-WUS MO inside of PDCCH active time on-duration.
· UE behavior needs to be further specified to monitor additional LP-WUS
· it is unclear whether UE needs to monitor the PDCCH occasions before the LP-WUS occasion inside of the PDCCH active time of drx-onDurationTimer. If UE skips the PDCCH occasions before LP-WUS, then this option is same as Option 1-1 with shorter C-DRX cycle configured.
Based on the observation, it is proposed that Option 1-3 is FFS to be introduced.
Proposal 3 Option 1-3 is FFS to be introduced.
2.1.3    Common for Option 1-1/1-2/1-3
RRM/RLM measurement
For all options, it is assumed that RRM/RLM measurement are performed by MR, then no impact introduced by LP-WUS.
Proposal 4 RAN2 assumes that RRM/RLM measurements are performed by MR, so no impact is introduced by LP-WUS to RRM/RLM measurements.

Other DRX Active time other than drx-onDurationTimer 
For the DRX Active Time other than the active time duration of drx-onDurationTimer, e.g. drx-InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, and ra-ContentionResolutionTimer or in the msgB-ResponseWindow, or SR is pending, it is expected there are subsequent DL data arriving, then UE needs to monitor PDCCH as legacy. But for RA and SR pending, existing DCP can also be used. Then it is proposed that it is FFS whether LP-WUS can be used for the active time other than occasions during drx-onDurationTimer.
Proposal 5 From RAN2 perspective, LP-WUS is at least applied for the PDCCH monitor occasions during drx-onDurationTimer. It is FFS whether LP-WUS can be used for the active time other than occasions during drx-onDurationTimer.
Since RAN1 is discussing these options, it is proposed to send LS to RAN1 about the evaluation on LP-WUS options and RAN2 preference for RAN1’s information.
Proposal 6 Send LS to RAN1 with RAN2 preference on Option 1-1 and assumptions on P4 and P5.
2.3 LP-WUS configuration and activation/deactivation
There was some discussion in RAN1 on how to configure and activate/deactivate LP-WUS as follows:
---------------------------------------------------------------------------------------------------------------------------------------
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.
· Option4: Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission.
---------------------------------------------------------------------------------------------------------------------------------------
Since RAN1 is discussing this issue and what should be configured to the UE depends on how LP-WUS works, as discussed in clause 2.2. It is proposed to postpone the RAN2 discussion on LP-WUS configuration and activation/deactivation.
Proposal 7 Postpone RAN2 discussion on LP-WUS configuration and activation/deactivation until the LP-WUS operation is determined. 
3. Conclusion
RAN2 impact on LP-WUS options,
1. For Option 1-1, RAN2 specification impact is observed as following:
    - LP-WUS configuration: gNB configures LP-WUS monitoring occasions to UE
    - UE behaviour wrt LP-WUS: 
· UE determines whether to monitor legacy PDCCH active time window (i.e.during drx-onDurationTimer) according to LP-WUS indication. 
· If UE successfully detects LP-WUS before the time offset of the start of the drx-onDurationTimer and is indicated, UE shall monitor legacy PDCCH active time window (i.e.during drx-onDurationTimer). 
· If UE successfully detects LP-WUS before the time offset of the start of the drx-onDurationTimer and is not indicated, UE skips the C-DRX ON monitoring occasion. 
· If UE fails to decode LP-WUS, UE shall monitor legacy PDCCH active time window (i.e.during drx-onDurationTimer).
Option 1-1 has large power saving gain compared to legacy C-DRX.
For Option 1-2, RAN2 specification impact are observed as following:
- New RRC configurations: e.g. starting/stop point and on duration time are needed to be configured to the UEs to calculate the new PDCCH monitoring occasions.
- New MAC procedure and PDCCH monitoring procedure: need to be introduced for UE to calculate and monitoring the new PDCCH occasions.
- For Option 1-2-1, gNB needs to send PDCCH in both of the new PDCCH occasions and legacy PDCCH occasions, which will consume PDCCH signalling overhead.
- QoS and HARQ interaction:  legacy C-DRX is set based on QoS requirements and DL traffic characteristics, and HARQ retransmissions are accounted.
-  For option 1-2-2, UE does not monitor legacy PDCCH occasions, this option is same as Option 1-1
For Option 1-3, RAN2 specification impact and questions are observed as following:
· Besides the LP-WUS MO configuration in Option 1-1, gNB needs to configure additional LP-WUS MO inside of PDCCH active time on-duration.
· UE behavior needs to be further specified to monitor additional LP-WUS
· it is unclear whether UE needs to monitor the PDCCH occasions before the LP-WUS occasion inside of the PDCCH active time of drx-onDurationTimer. If UE skips the PDCCH occasions before LP-WUS, then this option is same as Option 1-1 with shorter C-DRX cycle configured.
Proposal 1 RAN2 takes Option 1-1 as the baseline for LP-WUS in CONNECTED state
Proposal 2 Option 1-2 is FFS to be introduced.
Proposal 3 Option 1-3 is FFS to be introduced.
Proposal 4 RAN2 assumes that RRM/RLM measurements are performed by MR, so no impact is introduced by LP-WUS to RRM/RLM measurements.
Proposal 5 From RAN2 perspective, LP-WUS is at least applied for the PDCCH monitor occasions during drx-onDurationTimer. It is FFS whether LP-WUS can be used for the active time other than occasions during drx-onDurationTimer.
Proposal 6 Send LS to RAN1 with RAN2 preference on Option 1-1 and assumptions on P4 and P5.
LP-WUS configuration and activation/deactivation,
Proposal 7 Postpone RAN2 discussion on LP-WUS configuration and activation/deactivation until the LP-WUS operation is determined. 
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[1]    RP-234056: Low-power wake-up signal and receiver for NR (LP-WUS/WUR)
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