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1. Introduction
In RAN#102, a new WI [1] of low-power wake-up signal and receiver for NR has been approved, and the WID objectives are defined as shown below.
	[bookmark: _Hlk153295984]The objectives of the work item are the following:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· 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
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· This objective is to be further refined in RAN#103


In this contribution, we discuss and provide our views on LP-WUS operation in CONNECTED modes.

2. Discussion
2.1. LP-WUS operation triggering UE MR PDCCH monitoring
As described in WID, LP-WUS can trigger UE MR PDCCH monitoring for CONNECTED mode. Multiple potential functionalities and operations for LP-WUS were studied and identified in the SI phase. At the previous RAN1 meeting, the agreement on LP-WUS procedures to triggering PDCCH monitoring has been updated as follows.
	Agreement
Update the following agreement in RAN1#116 in red:
Agreement
· [bookmark: _Hlk166261094]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


The Option 1-1 means LP-WUS is a similar wake-up signal of DRX as DCP. A UE monitors DCI format 2_6 with CRC scrambled by PS-RNTI at occasions located by a configured offset before the start of DRX onDuration. The wake-up signal indicates the UE whether or not to start onDuration for the next DRX cycle. However, DCP is DCI format 2_6 with CRC scrambled by PS-RNTI, containing not only wake-up but also SCell dormancy indication. With LP-WUS replacing DCP for power-saving purposes, it is worth discussing whether it is acceptable to lose some of the functionality that were previously supported. The wake-up indication and SCell dormancy indication which originally carried by a single DCI, must be split into the wake-up indication by LP-WUS and the subsequent SCell dormancy indication by a scheduling DCI in DRX Active Time. 
Observation #1: If LP-WUS only triggers the starting of drx-onDurationTimer, it may be implemented at the expense of the functionality of DCP.

The Option 1-2 is the most attractive one for UE power saving. If LP-WUS doesn’t trigger the UE to wake-up, UE MR could remain in the sleep state and it is effective for UE power saving. UE MR has no need to wake up to only monitor DCP and can be woken up by LP-WUS received by LP-WUR. This functionality can even be used for wake-up signal of potential (aperiodic or unconfigured) Active Time. For example, LP-WUS indicates the UE with configured periodic DRX to start a potential Active Time regardless of configured DRX. 
The Option 1-2-1 should be configured with the Option 1-1 to achieve power saving gain. However, if the Option 1-2-1 is supported, it is natural that the Option 1-1 can also be supported. If LP-WUS is supported to trigger PDCCH monitoring, the option 1-1 is naturally the first one for adoption due to its simplicity. The Option 1-1 has little impact on specification. Since the UE supporting LP-WUS could fallback to the legacy C-DRX cycle when the UE cannot receive LP-WUS consistently, RAN1 does not need to discuss to adopt new fallback mechanism. Consequently, little spec effort is expected to support the Option 1-2-1.
The Option 1-2-2 may lead to huge impact on specification, especially in RAN2. According to TS38.321, a DRX functionality controls the UE's PDCCH monitoring activity for the MAC entity's various RNTIs. In other words, the UE’s PDCCH monitoring itself is based on DRX functionality, so huge impact on specification is expected for separating PDCCH monitoring and DRX functionality. For example, DRX functionality only controls the UE’s measurements and reports while PDCCH monitoring is controlled by only LP-WUS. Also, RAN1 need to discuss to adopt new fallback mechanism for the case that the UE consistently cannot receive LP-WUS.
For LP-WUS triggering PDCCH monitoring, the main point to be discussed is how to configure PDCCH monitoring occasion only triggered by LP-WUS. It can be easily implemented by SS set configuration with re-using timer-based UE behavior in the current DRX mechanism. The current specification supports MR’s switching on and off of PDCCH monitoring by the combination of DRX operation and SS set configuration. Therefore, dynamic PDCCH monitoring occasion could be supported by LP-WUS triggering potential DRX Active Time (drx-onDurationTimer or drx-InactivityTimer) without periodicity. If option 1-2 is supported, it is preferable for the gNB to avoid misalignment, the same timer values of DRX should be configured.
Proposal #1: Consider DRX Active Time without periodicity for LP-WUS triggering dynamic PDCCH monitoring occasion. 

The start of DRX Active Time can be configured to be periodic rather than limitless. This can be considered as candidate starting points of potential DRX Active Time. It may have the advantage that the gNB knows exactly when the UE has started DRX Active Time, since it is configured and indicated to be known by both the UE and the gNB. The UE may start DRX Active Time at the closest candidate starting point after the minimum time gap from LP-WUS reception to the MR wake up. Subsequent behavior is based on the configuration, and the DRX operation can be terminated by timer expiration. 
Proposal #2: Consider candidate starting points of potential DRX Active Time triggered by LP-WUS.

The option 1-3 has the limited power saving gain. It may also be effective only in the limited scenario, e.g.,, XR. Considering the limited TU in this WI and marginal power saving gain from Option 1-3, RAN1 may lack the capacity to discuss this option.

Proposal #3: Specify the following two options for further discussion,
· 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 1-2-1: LP-WUS monitoring outside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.

2.2. Co-existence with existing features
Various existing features, i.e., Rel-16 DCP, Rel-17 PDCCH monitoring adaptation, and Rel-18 cell DTX are discussed to be co-exist with LP-WUS. 
Rel-16 DCP and LP-WUS may have duplicate functionality. For the UE that supports LP-WUS, the start of drx-onDurationTimer can be triggered by LP-WUS and it can provide power saving gain without significant specification effort. Thus, if Rel-16 DCP is configured with LP-WUS, the UE does not need to monitor LP-WUS and DCP simultaneously. However, RAN1 can discuss DCP to be used for different purpose, for example, as a fallback from LP-WUS operation. RAN1 can further study that the UE switches between DCP monitoring or LP-WUS monitoring modes.
Proposal #4: The UE does not need to monitor DCP and LP-WUS simultaneously to trigger PDCCH monitoring.
· Further study that the UE switches between DCP monitoring and LP-WUS monitoring.

Rel-17 PDCCH monitoring adaptation, i.e., SSSG switching and PDCCH skipping, can be configured with LP-WUS. It can be used for dynamic PDCCH monitoring adaptation within legacy DRX Active Time and potential DRX Active Time triggered by LP-WUS. However, it is closely related to the Option 1-3 in LP-WUS procedures to trigger PDCCH monitoring, and there may no need to discuss it depending on the progress of LP-WUS procedure discussion. So RAN1 can postpone discussion of Rel-17 PDCCH monitoring adaptation working with LP-WUS after the support of the Option 1-3 is confirmed.
Proposal #5: Co-existence of Rel-17 PDCCH monitoring adaptation and LP-WUS can be revisited after the LP-WUS procedure about PDCCH monitoring are discussed.

Rel-18 cell DTX is independent feature with LP-WUS. So, RAN1 does not need to restrict cell DTX configuration with LP-WUS, but may need to clarify whether/how LP-WUS (and LP-SS) transmission is affected by the cell DTX (inactive time). Moreover, LP-WUS can be used to indicate cell DTX active/inactive time to the UE. RAN1 can further discuss LP-WUS functions for the UE which is configured with cell DTX.
[bookmark: _Hlk166270108]Proposal #6: Further discuss how LP-WUS (and LP-SS) can be handled or interacted with cell DTX configurations. 

2.3. Payload and overlaid OFDM sequence of LP-WUS
To discuss functionalities of LP-WUS for CONNECTED mode, the signal design should be discussed. Obviously, the hardware of LP-WUR for IDLE/INACTVE and CONNECTED modes should not be different to reduce cost and complexity. UE should be able to detect both LP-WUS for IDLE/INACTIVE and CONNECTED modes by LP-WUR of the same structure. With that, we believe the waveform and modulation applied to LP-WUS should be unified for IDLE/INACTIVE and CONNECTED modes. 
The payload of LP-WUS for CONNECTED mode can be configured differently from the payload of LP-WUS for IDLE/INACTIVE mode. This is due to the consideration that the functionalities of LP-WUS for CONNECTED mode are different from the functionalities of LP-WUS for IDLE/INACTIVE mode.
	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]


The maximum number of LP-WUS information bits is agreed to no more than [8 or 16] in RAN1#116. It is more appropriate that the maximum number of information bits is no more than 8 bits considering that LP-WUS design is optimized for IDLE/INACTIVE modes. The main discussion point is whether the payload of the LP-WUS for CONNECTED mode contains an identifier that can distinguish between UEs or not. If not, the combination of T/F resources and LP-WUS payload can be considered for UE identification. In other words, some portion of UE identification is distinguished by T/F resources. The payload contains a smaller amount of information for an identifier. Consequently, the UE determines the T/F resource where UE need to monitor based on the group (or sub-group) the UE belongs to and the information in the payload can indicates the UE within a group (or sub-group). For that, UE identification within a group (or sub-group) of UEs can be configured by gNB so that UEs who monitor the same T/F resources are distinguished by the UE identification. 
Proposal #7: To overcome limited maximum number of LP-WUS information bits, consider the combination of time/frequency resources and LP-WUS payload for UE identification.

The information that may indicate operations discussed in Section 2.1 should be contained in the payload of LP-WUS. It should be discussed whether SCell dormancy indication is carried by LP-WUS or not. If SCell dormancy indication is contained in LP-WUS, the payload size can be larger. Overlaid OFDM sequence can also be the container of information in LP-WUS. Considering the different characteristics of CONNECTED mode, OFDM sequence can carry the information of LP-WUS operations. For example, the additional information other than the essential indication of operations can be considered to be contained in overlaid OFDM sequence. In case of DRX, the essential indication can include wake-up indication and additional information can include indication to use some values for DRX, e.g., timers, other than the preconfigured values. SCell dormancy indication can be the additional information, too. If the UE does not receive other values provided in overlaid OFDM sequence, the UE starts DRX onDuration with pre-configured values. Thus, the UE which cannot receive overlaid OFDM sequence is indicated to start DRX onDuration with pre-configured values, while the UE which can receive overlaid OFDM sequence is indicated to start DRX onDuration with dynamically indicated timer values other than pre-configured values by higher layer signalling.
Proposal #8: For supporting more functionality or information bits, consider the transmission of overlaid OFDM sequence over LP-WUS for CONNECTED modes.
Proposal #9: Discuss how to compose the payload and overlaid OFDM sequence of LP-WUS for CONNECTED mode at least as follows,
· The essential indication for UE behavior is contained in the payload of LP-WUS.
· The additional information for UE behavior is contained in the overlaid OFDM sequence of LP-WUS.

2.4. Activation/deactivation procedure of LP-WUS monitoring
	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.


Activation/deactivation procedure of LP-WUS monitoring for CONNECTED mode has been discussed and agreed in RAN1#116. Similar with IDLE/INACTIVE mode, activation/deactivation of LP-WUS monitoring can be used by gNB to inform the UE whether the serving cell supports LP-WUS transmission or not. For example, it can be included system information. Deactivation of LP-WUS monitoring can be initiated by the UE. For example, when the UE cannot successfully receive LP-WUS and/or LP-SS due to the limited coverage of LP-WUR, the UE can deactivate LP-WUR and behave with MR. In this case, monitoring occasion of LP-WUS can also be discussed. Monitoring occasion of CONNECTED mode can be shared with that of ILDE/INACTIVE mode, or separately configured to have different T/F resource.
LP-WUS monitoring for CONNECTED mode can be activated or deactivated by more explicit indication by gNB. For example, gNB can inform the UE whether the cell supports LP-WUS transmission or not by DCI or dedicated RRC. LP-WUS or LP-SS can also be considered to inform the UE whether LP-WUS transmission is supported or not. Moreover, LP-WUS monitoring can also be activated by UE request. If the UE wants to save the power consumption, the UE can request LP-WUS transmission to gNB. Alternatively, if LP-WUS monitoring is currently not activated due to coverage, the UE can request transmission of LP-WUS with overlaid OFDM sequence for coverage enhancement to gNB.
Proposal #10: Specify activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.

Activation/deactivation of LP-WUS monitoring can be triggered by DRX related timer and/or UL transmission. It is related to DRX Active Time however, it is notable that LP-WUR may not necessarily be deactivated in all DRX Active Time. When drx-onDurationTimer or drx-InactivityTimer is running, LP-WUS monitoring is deactivated, since MR is monitoring PDCCH. When other timer, such as drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-RetransmissionTimerSL, ra-ContentionResolutionTimer, or msgB-ResponseWindow is running, LP-WUS monitoring may not necessarily be deactivated. When those timers are running, UE expects to receive only certain type of PDCCH. For example, when ra-ContentionResolutionTimer, or msgB-ResponseWindow is running, UE expects to receive only a DCI format in Type1-PDCCH CSS set. It means that the UE does not have to monitor all PDCCHs. Thus, if the UE monitors only a DCI format in Type1-PDCCH CSS set and can be indicated to monitor all PDCCHs by LP-WUS, UE power saving can be achieved. For retransmissions, the same effect is expected if the UE is configured to monitor only the SS sets that are configured for retransmissions, rather than all SS sets. Similarly, the case of CG PUSCH can be considered.
Proposal #11: Specify activation/deactivation of LP-WUS monitoring based on DRX timer and/or UL transmission at least considering followings,
· LP-WUS monitoring is deactivated when drx-onDurationTimer and drx-InactivityTimer is running.
· LP-WUS monitoring is activated when drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-RetransmissionTimerSL, ra-ContentionResolutionTimer, or msgB-ResponseWindow is running.

3. Conclusion
In this contribution, we shared our views on the LP-WUS operation in CONNECTED modes. Followings are proposed for LP-WUS operation in CONNECTED modes:
Observation #1: If LP-WUS only triggers the starting of drx-onDurationTimer, it may be implemented at the expense of the functionality of DCP.
Proposal #1: Consider DRX Active Time without periodicity for LP-WUS triggering dynamic PDCCH monitoring occasion. 
Proposal #2: Consider candidate starting points of potential DRX Active Time triggered by LP-WUS.
Proposal #3: Specify the following two options for further discussion,
· 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 1-2-1: LP-WUS monitoring outside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
Proposal #4: The UE does not need to monitor DCP and LP-WUS simultaneously to trigger PDCCH monitoring.
· Further study that the UE switches between DCP monitoring and LP-WUS monitoring.
Proposal #5: Co-existence of Rel-17 PDCCH monitoring adaptation and LP-WUS can be revisited after the LP-WUS procedure about PDCCH monitoring are discussed.
Proposal #6: Further discuss how LP-WUS (and LP-SS) can be handled or interacted with cell DTX configurations. 
Proposal #7: To overcome limited maximum number of LP-WUS information bits, consider the combination of time/frequency resources and LP-WUS payload for UE identification.
Proposal #8: For supporting more functionality or information bits, consider the transmission of overlaid OFDM sequence over LP-WUS for CONNECTED modes.
Proposal #9: Discuss how to compose the payload and overlaid OFDM sequence of LP-WUS for CONNECTED mode at least as follows,
· The essential indication for UE behavior is contained in the payload of LP-WUS.
· The additional information for UE behavior is contained in the overlaid OFDM sequence of LP-WUS.
Proposal #10: Specify activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.
Proposal #11: Specify activation/deactivation of LP-WUS monitoring based on DRX timer and/or UL transmission at least considering followings,
· LP-WUS monitoring is deactivated when drx-onDurationTimer and drx-InactivityTimer is running.
· LP-WUS monitoring is activated when drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-RetransmissionTimerSL, ra-ContentionResolutionTimer, or msgB-ResponseWindow is running.
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