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Introduction
In the last RAN1#116bis meeting, the following agreement for LP-WUS operation in RRC CONNECTED modes was made [1]:
	Agreement
· Update the following agreement in RAN1#116 in red:
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
· [bookmark: _Hlk166055949]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
· [bookmark: _Hlk166054028]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




In this contribution, we introduce our views on LP-WUS operation in CONNECTED modes based on the above agreement.
LP-WUS operation in CONNECTED modes
In this section, we introduce our views on each issue for LP-WUS operation in CONNECTED modes.
LP-WUS monitoring
During the SI phase, two monitoring modes have been studied, i.e., duty-cycled mode and continuous mode [2]. In case of continuous mode DL latency is potentially shorter than duty-cycled mode and LP-WUR does not need to keep track of slot or radio frame numbering (i.e., DRX timing). However, higher power consumption than duty-cycled LP-WUS is expected. On the other hand, duty-cycled mode will obtain more UE power saving gain than continuous mode LP-WUS even though LP-WUR must keep track of slot and/or radio frame numbering (i.e., DRX timing) and it is expected potentially longer DL latency. The main purpose of LP-WUS is UE power saving, and according to the WID it was agreed that at least duty-cycled monitoring of LP-WUS is supported. Therefore, it is proposed to focus only duty-cycled monitoring mode for Rel-19 WI.
Proposal 1: It is proposed to focus only duty-cycled monitoring mode for LP-WUS in Rel-19.
LP-WUS coverage
According to the WID [3], it is noted that the target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3. It means the partial coverage case is assumed. Therefore, it should be supported fallback mechanisms where the Main Radio (MR) switches to legacy operation in case the channel condition of LP-WUS is not good enough, e.g., below threshold.
Proposal 2: It should be supported fallback mechanisms which the MR switches to legacy operation in case the channel condition of LP-WUS is not good enough.
· Details of fallback mechanisms can be discussed further.
LP-WUS use options
In RAN1#116 meeting, the several options for LP-WUS procedures to trigger PDCCH monitoring were agreed for further study. And the agreement was updated as shown in the above in the last meeting. In the updated agreement, Case 2 which is LP-WUS operation without C-DRX configuration was removed since the combinations of options in Case 1 can achieve the similar functionality as Case 2.
The use of LP-WUS in RRC CONNECTED can be considered to replace the legacy methods or be an enhancement thereof. In order to save UE power consumption for PDCCH monitoring and guarantee the latency, the basic design is that when MR is in a sleep state, LR will remain active to monitor LP-WUS. When LP-WUS is received by LR, it will trigger the MR to wake up for PDCCH monitoring. Among the above options in the introduction, Option 1-1 is similar as Rel-16 DCP (DCI with CRC scrambled by PS-RNTI). In this option, LP-WUS is used in conjunction with C-DRX. LP-WUS can be configured outside the DRX active time with the similar functionality as to indicate whether to start the next drx-onDurationTimer as shown in Figure 1.
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(a) Rel-16 DCI with CRC scrambled by PS-RNTI
[image: ]
(b) LP-WUS Option 1-1
[bookmark: _Ref159106683]Figure 1. Examples of Rel-16 DCP and LP-WUS Option 1-1
Figure 1 shows examples of Rel-16 DCP and LP-WUS Option 1-1. Option 1-1 is the simplest option and has less specification impact and complexity from reuse of DCP functionality compared to other options. The option also guarantees UE power saving gain compared with Rel-16 DCP. Therefore, at least Option 1-1 should be supported for LP-WUS operation in RRC CONNECTED mode.
[bookmark: _Hlk163068429]Proposal 3: It should be supported Option 1-1 which has the same function as Rel-16 DCP to indicate whether to start the next drx-onDurationTimer.
In the updated agreement, Option 1-2 was subdivided further into Option 1-2-1 and Option 1-2-2. In case of Option 1-2-1, PDCCH monitoring may be additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS. Therefore, if this is adopted, it should be configured together with Option 1-1 to achieve power saving gain compared to legacy C-DRX. In case of Option 1-2-2, PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS. This option can achieve the power saving gain without the combination with Option 1-1. In our understanding, however, this option needs to change legacy C-DRX behavior, and expects large specification impacts since PDCCH monitoring is not triggered by legacy C-DRX and drx-onDurationTimer. Therefore, we prefer Option 1-2-1 rather than Option 1-2-2.
Proposal 4: In case of Option 1-2, it is proposed to support Option 1-2-1 only.
· Option 1-1 should be configured together with Option 1-2-1 to achieve the power saving gain.
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[bookmark: _Ref166059184]Figure 2. Example of the combination of Option 1-1 and Option 1-2-1
Figure 2 shows an example for indicating wake-up outside of DRX on-duration via Option 1-2-1. For indicating wake-up for C-DRX cycle, Option 1-1 is used. Therefore, The example shows the combination of Option 1-1 and Option 1-2-1.
For Option 1-3, the similar approach as Option 1-2 can be applied to this option, and Option 1-3 can be also subdivided into Option 1-3-1 and Option 1-3-2. In case of Option 1-3-1, PDCCH monitoring may be additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS. Therefore, this option is only valid when the time duration of C-DRX cycle is not activated. It means Option 1-3-1 should be configured together with Option 1-1. If not, Option 1-3-1 does not have any chance for LP-WUS monitoring since PDCCH monitoring is always triggered based on legacy C-DRX cycle and drx-onDurationTimer. In case of Option 1-3-2, PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS. However, similar as Option 1-2-2, this option needs to change legacy C-DRX behavior, and expects large specification impacts. Therefore, we prefer Option 1-3-1 rather than Option 1-3-2.
Proposal 5: In case of Option 1-3, it is proposed to support Option 1-3-1 only.
· Option 1-1 should be configured together with Option 1-3-1 to achieve the power saving gain.
· Note:
· 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.
· Option 1-3-1: PDCCH monitoring may be 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
· If Option 1-1 is not configured together, this option cannot have any chance to monitor LP-WUS.
· Option 1-3-2: PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
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[bookmark: _Ref166074333]Figure 3. Example of the combination of Option 1-1 and Option 1-3-1
Figure 3 shows an example for indicating wake-up within time duration of C-DRX cycle by Option 1-3-1 when it is not activated via Option 1-1 i.e., the combination of Option 1-1 and Option 1-3-1. If the time duration of C-DRX is activated via Option 1-1, LP-WUS monitoring by Option 1-3-1 is not performed as shown in the right side of Figure 3. This combination will be beneficial to reduce the latency and to handle XR traffic with the wide range of unpredictable jitter.
As described in the above, Option 1-2-1 and Option 1-3-1 should be configured together with Option 1-1 in order to achieve the power saving gain. Option 1-2-1 or Option 1-3-1 will have different parameters for LOs from Option 1-1 since duty cycle, period, number of MOs, etc. will be different from each other. Therefore, the LP-WUS occasions for additional options i.e., Option 1-2-1 or Option 1-3-1 should be configured separately from the configuration for Option 1-1.
Proposal 6: The LP-WUS occasions for additional options i.e., Option 1-2-1 or Option 1-3-1 should be configured separately from the configuration for Option 1-1.
Considering limited TUs for this agenda, the above three options i.e., Option 1-1, the combination of Option 1-1 and Option 1-2-1, the combination of Option 1-1 and Option 1-3-1 should be considered for further study. After detection of LP-WUS, the detail procedures can be discussed further depending on LP-WUS design, for example, one sequence (only for wake-up) vs. two sequences (for wake-up and go-to-sleep), whether UE subgrouping is supported and so on.
Proposal 7: It is proposed to focus on the above three options i.e., Option 1-1, the combination of Option 1-1 and Option 1-2-1, the combination of Option 1-1 and Option 1-3-1 for further study, and preclude other options.
LP-WUS activation/deactivation
In RAN1#116 meeting, it was agreed that PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling. It was also agreed that LP-WUS monitoring by a UE is known to gNB. Regarding the necessity of implicit/explicit indication from the UE of what gNB knows UE’s LP-WUS monitoring, we think implicit indication will be sufficient. If LP-WUS is detected by a UE, the UE will start to monitor PDCCH. During the monitoring, if a downlink scheduling PDCCH is detected, the UE will receive the PDSCH based on the scheduling information and send the corresponding HARQ-ACK feedback for whether the reception of PDSCH is succeed or not. Similar as downlink, if the UE detects an uplink scheduling PDCCH, the UE will perform uplink transmission according to the scheduling information. Depending on whether the scheduled uplink transmission is performed, gNB can know whether LP-WUS is monitored correctly by the UE. Therefore, the implicit indication will be sufficient.
Proposal 8: In order for gNB to know that LP-WUS is monitored by a UE correctly, it will be sufficient the implicit indication such as
· HARQ-ACK feedback corresponding to scheduled downlink transmission
· Scheduled uplink transmission
· Others
Regarding activation/deactivation of LP-WUS monitoring, several options were agreed for further study in RAN1#116 meeting. According to the discussion on activation/deactivation of LP-WUS in the meeting, the procedure for activation/deactivation is related with switching between LP-WUS monitoring and MR PDCCH monitoring. It requires the faster signaling than RRC signaling for enabling/disabling of LP-WUS functionality. In that sense, different options can be supported depending on the scenarios and LP-WUS use options (e.g., Option 1-1, and its combinations in the above). For example, when LP-WUS is detected by a UE, the UE can deactivate LP-WUS monitoring and start PDCCH monitoring. In this case, implicit indication is sufficient and no additional indication is necessary. While the PDCCH monitoring is performed, the PDCCH monitoring is stopped and LP-WUS monitoring can be started via L1/L2 signaling such as PDCCH skipping or timer. Before the timer is expired, the PDCCH monitoring can be interrupted by PDCCH skipping. Therefore, it can be discussed further after the supporting scenarios and options become clear enough.
Proposal 9: It is proposed to study the options for activation/deactivation of LP-WUS monitoring further after the supporting scenarios and options become clear enough since different options can be supported depending on the scenarios and LP-WUS use options.
Timeline between LP-WUS detection and PDCCH monitoring
As shown in Figure 1, LP-WUS occasion(s) can be configured between a specific offset and time gap prior to PDCCH monitoring. Similar as Rel-16 DCP, the offset can be defined the starting time for LP-WUS monitoring occasion(s). Regarding the time gap, it was defined as the minimum time gap between LP-WUS reception and MR to start PDCCH monitoring, and also agreed to introduce considering at least LP-WUS processing time, MR transition time for ramp up, and time/frequency synchronization of MR. Since the time for LP-WUS processing, MR transition time for ramp up, and time/frequency synchronization of MR could be different depending on UE capability, the time gap can be configured by gNB based on the UE capability reporting similar as Rel-16 DCP.
[bookmark: _Hlk163068516]Proposal 10: The minimum time gap between LP-WUS reception and MR to start PDCCH monitoring should be configured based on the UE capability reporting.
Summary
In this contribution, we made the following proposals for LP-WUS operation in RRC CONNECTED modes.
Proposal 1: It is proposed to focus only duty-cycled monitoring mode for LP-WUS in Rel-19.
Proposal 2: It should be supported fallback mechanisms which the MR switches to legacy operation in case the channel condition of LP-WUS is not good enough.
· Details of fallback mechanisms can be discussed further.
Proposal 3: It should be supported Option 1-1 which has the same function as Rel-16 DCP to indicate whether to start the next drx-onDurationTimer.
Proposal 4: In case of Option 1-2, it is proposed to support Option 1-2-1 only.
· Option 1-1 should be configured together with Option 1-2-1 to achieve the power saving gain.
Proposal 5: In case of Option 1-3, it is proposed to support Option 1-3-1 only.
· Option 1-1 should be configured together with Option 1-3-1 to achieve the power saving gain.
· Note:
· 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.
· Option 1-3-1: PDCCH monitoring may be 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
· If Option 1-1 is not configured together, this option cannot have any chance to monitor LP-WUS.
· Option 1-3-2: PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
Proposal 6: The LP-WUS occasions for additional options i.e., Option 1-2-1 or Option 1-3-1 should be configured separately from the configuration for Option 1-1.
Proposal 7: It is proposed to focus on the above three options i.e., Option 1-1, the combination of Option 1-1 and Option 1-2-1, the combination of Option 1-1 and Option 1-3-1 for further study, and preclude other options.
[bookmark: _GoBack]Proposal 8: In order for gNB to know that LP-WUS is monitored by a UE correctly, it will be sufficient the implicit indication such as
· HARQ-ACK feedback corresponding to scheduled downlink transmission
· Scheduled uplink transmission
· Others
Proposal 9: It is proposed to study the options for activation/deactivation of LP-WUS monitoring further after the supporting scenarios and options become clear enough since different options can be supported depending on the scenarios and LP-WUS use options.
Proposal 10: The minimum time gap between LP-WUS reception and MR to start PDCCH monitoring should be configured based on the UE capability reporting.
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