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Introduction
In the RAN1 #116 meeting, issues on LP-WUS operations in CONNECTED modes are discussed [1], and the related agreements are listed as follows:
	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.
· [bookmark: _GoBack]This option may replace DCP functionality
· Option 1-2: LP-WUS monitoring outside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-3: LP-WUS monitoring inside 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.
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.


In this contribution, discussions of LP-WUS/LP-SS operation in CONNECTED modes will be discussed, including the C-DRX operation design and activation/deactivation method.
C-DRX operation
In the CONNECTED mode, C-DRX is utilized in the current spec. to avoid a large power consumption caused by continuous PDCCH monitoring. Based on the conclusion achieved in the last meeting, the LP-WUS can be combined with C-DRX configuration or be utilized to replace the C-DRX functionality, and four potential methods can be considered, as listed in the following:
· 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.
· Option 1-2: LP-WUS monitoring outside C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· Option 1-3: LP-WUS monitoring inside 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
In the Rel-16, DCP is introduced to indicate whether a DRX on-duration is open in the C-DRX period, while the description in option 1-1 means LP-WUS has a similar effect, hence DCP functionality will be replaced by LP-WUS if option 1-1 is supported. Though no extra power saving gain and latency reduction effect will be acquired in this case, the enhancement for LP-WUS is simple and clear in this case, and less normative work will be caused. Moreover, the relationship between the LP-WUS and the DCP signaling is better to be studied. For example, the power-saving effect will be worse if both LP-WUS and DCP are detected by the MR part and the WUR, and the UE behavior needs to be confirmed if both of them are configured or detected. Hence, the configuration relationship should be further studied in the option 1-1.


Figure 1 Illustration of option 1-1
[bookmark: OB1]Observation 1: Less normative work will be caused in option 1-1.
In option 1-2, PDCCH can be monitored outside the DRX-ON duration triggered by LP-WUS, which means LP-WUS is a complementary method of DCP monitoring. Such methods can be utilized for low-latency traffic, especially for the XR traffic whose latency is an important point. However, such a method sacrifices total power consumption since the MR part needs to monitor PDCCH even in the DRX-off cycle and will stay in the monitoring stage if the next DRX-ON cycle is coming. Hence, option 1-2 can be regarded as an enhancement of other options and should be only used for specific scenarios.


Figure 2 Illustration of option 1-2
[bookmark: OB2]Observation 2: More power consumption will be caused if option 1-2 is supported.
In option 1-3, the LP-WUS signal can be regarded as a sub-DCP in the DRX on-duration. As shown in Figure 1, the LP-WUS signal is configured within the DRX on-duration timer, and DRX-on duration will be open only when both Rel-16 and LP-WUS are monitored, and closed if LP-WUS are not monitored in the next monitoring occasion, which will reduce both power consumption and latency. Besides, the PDCCH skipping indication can also close the DRX on-duration timer, which provides flexibility. However, such a complex mechanism means more signaling interactions, which will cause much spec. impact.


Figure 3 Illustration of option 1-3
[bookmark: OB3]Observation 3: Power consumption and latency benefits can be acquired in the option 1-3 at the expense of spec impact.
In option 2, C-DRX is fully replaced by LP-WUS. LP-WUS is monitored at monitoring occasion located at any time, and PDCCH monitoring is started only when LP-WUS is detected and closed when PDCCH skipping indication arrives or based on other criteria. This method provides the largest implementation flexibility, but a huge spec. impact may be caused since the relationship between C-DRX mechanism and LP-WUS signal needs to be configured.


Figure 4 Illustration of case 2
[bookmark: OB4]Observation 4: The largest implementation flexibility can be provided with a huge spec. impact caused.
Compared with all listed cases, case 1-2 has the largest power consumption and only benefits in specific scenarios, hence case 1-2 can be deprioritized in the current stage and can be regarded as a potential enhancement solution for other cases. Besides, case 1-1 has the least spec impact. among the left methods. Considering the TU is limited, case 1-1 can be studied first, and other solutions can be regarded as an enhancement or combination of case 1-1.
[bookmark: PP1]Proposal 1: LP-WUS in the CONNECTED mode should be further studied based on the following considerations:
· The configuration relationship between LP-WUS signals and DCP in the case 1-1
· The LP-WUS monitoring mechanism in the DRX-OFF cycle in the case 1-2
· The LP-WUS monitoring mechanism in the DRX-ON cycle in the case 1-3
· The configuration relationship between LP-WUS signals and C-DRX in the case 2
[bookmark: PP2]Proposal 2: Case 1-1 should be regarded as a baseline for LP-WUS operation in the CONNECTED mode, and case 1-2 should be deprioritized in the current stage.
Activation/deactivation method in CONNECTED mode
In the last meeting, it was agreed that PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signalling, but whether corresponding UE assist information is needed is not sure. Considering the enable/disable can be just achieved via the RRC configuration/release, there is no need to introduce complex UE assistance behavior just to improve the configuration accuracy, which cause extra overhead and may cause much spec. impact. The current mechanism is enough, and UE assistance is not preferred.
[bookmark: PP3]Proposal 3: UE assistance is not supported for the PDCCH monitoring triggered by LP-WUS that is enabled/disabled by gNB RRC signaling.
Besides, implicit/explicit indication from UE is still discussed. Assuming that LP-WUS signaling failed to be detected by the WUR, since no corresponding response from the UE side, gNB will know the monitoring state of the target LP-WUS only when ACK/NACK information is transmitted from the UE side for the corresponding PDCCH reception, i.e. no ACK/NACK means LP-WUS is not detected successfully, and ACK/NACK information means LP-WUS has been detected. Such a procedure can be regarded as an implicit indication from the UE side, while the latency is a bit large and may affect the NW efficiency, especially for the scenario that a group of UE are monitoring the target LP-WUS signal. Hence, the corresponding explicit indication from UE can be studied to improve the NW efficiency.
[bookmark: PP4]Proposal 4: Explicit indication from UE to gNB can be studied for LP-WUS monitoring to improve the NW efficiency
Moreover, whether extra signaling for activation/deactivation of LP-WUS monitoring is needed is still further studied. Basically, the LP-WUS monitoring in the CONNECTED is better to be known by gNB to avoid misalignment for the subsequent scheduling, and extra signaling is considered to improve the gNb scheduling accuracy. However, the pre-configured conditions are more likely to cause potential misalignment compared with other options, and if additional signaling is specifically used for activation/deactivation, though LP-WUS monitoring can be fully controlled by gNB based on such a design, the detection of specific activation/deactivation signaling will also cause additional power consumption, which is not satisfied with the ‘ultra-low power consumption’ design. Hence, no additional signaling is needed in the LP-WUS monitoring, the current RRC signaling is enough.
[bookmark: PP5]Proposal 5: In case LP-WUS monitoring is enabled, no additional indication/condition should be introduced for activation/deactivation of LP-WUS monitoring.
Conclusions
In this contribution, we discuss the aspects of the LP-WUS/LP-SS operation in CONNECTED modes, and have the following observations and proposals: 
Observation 1: Less normative work will be caused in option 1-1.
Observation 2: More power consumption will be caused if option 1-2 is supported.
Observation 3: Power consumption and latency benefits can be acquired in the option 1-3 at the expense of spec impact.
Observation 4: The largest implementation flexibility can be provided with a huge spec. impact caused.
Proposal 1: LP-WUS in the CONNECTED mode should be further studied based on the following considerations:
· The configuration relationship between LP-WUS signals and DCP in the case 1-1
· The LP-WUS monitoring mechanism in the DRX-OFF cycle in the case 1-2
· The LP-WUS monitoring mechanism in the DRX-ON cycle in the case 1-3
· The configuration relationship between LP-WUS signals and C-DRX in the case 2
Proposal 2: Case 1-1 should be regarded as a baseline for LP-WUS operation in the CONNECTED mode, and case 1-2 should be deprioritized in the current stage.
Proposal 3: UE assistance is not supported for the PDCCH monitoring triggered by LP-WUS that is enabled/disabled by gNB RRC signaling.
Proposal 4: Explicit indication from UE to gNB can be studied for LP-WUS monitoring to improve the NW efficiency
Proposal 5: In case LP-WUS monitoring is enabled, no additional indication/condition should be introduced for activation/deactivation of LP-WUS monitoring.
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