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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. Among those functionalities, we discuss on two representative functionalities of LP-WUS for CONENCTED mode in this section.
The first one is wake-up signal of DRX similar 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. Wake-up signal indicates the UE whether or not to start onDuration for the next DRX cycle. 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 aperiodic or unconfigured Active Time. For example, LP-WUS indicates the UE with configured periodic DRX to start a temporary Active Time regardless of configured DRX. Alternatively, LP-WUS indicates the UE whose DRX is not configured to start a temporary Active Time of temporary period(s). 
The second one is wake-up indication in PDCCH skipping duration. The UE can be indicated to skip the PDCCH monitoring for a configured duration by a scheduling DCI. If the UE is in skipping duration, the gNB has no choice but to wait until the skipping duration is over even if the information to be urgently transmitted occurs. For that case, LP-WUS can indicate wake-up, and UE MR can be woken up immediately to monitor PDCCH. 
These two functionalities are high-potential candidates of LP-WUS operation triggering UE MR PDCCH monitoring in CONNECTED modes. Moreover, other functionalities are not precluded to discuss. For example, LP-WUS operation for multiple carrier, and/or other functionalities can be discussed. LP-WUS received in one cell can be used to indicate UE’s behaviors for other cells in which LP-WUS is not transmitted.
Proposal #1: Specify LP-WUS operation in CONNECTED mode including at least the following UE behaviors
· The UE starts DRX Active Time based on the indication by LP-WUS
· The UE in PDCCH skipping duration in DRX Active Time restarts PDCCH monitoring based on the indication by LP-WUS

2.2. 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. For example, LP-WUS for IDLE/INACTIVE mode is mainly discussed to indicate UE group (or sub-group), but LP-WUS for CONNECTED mode can be used to indicating individual UEs. 
If the payload of the LP-WUS for CONNECTED mode contains an identifier that can distinguish between UEs, the LP-WUS occasion can be configured with a shared T/F resource where multiple UEs monitor in common. In other words, CONNECTED mode UEs can receive LP-WUS over the T/F resources that they share with each other, and after receiving LP-WUS, the UE can utilize identifier to determine whether the LP-WUS was sent to itself or to another UE. This may be similar with the blind decoding of PDCCH, so the T/F resources of the cell may not be wasted and may be helpful for scheduling efficiency. Alternatively, it is possible to transmit LP-WUS over the T/F resources that are differentiated between UEs, and the payload contains a smaller amount of information for an identifier. For example, a group (or sub-group) of UEs may be categorized and UEs within the group (or sub-group) share the T/F resources to receive LP-WUS. Then, the target UE of the LP-WUS can be distinguished through an identifier in the payload of the LP-WUS. Since the UE receives LP-WUS containing a relatively small amount of information, its reception performance may be better. Therefore, it utilizes a dedicated T/F resource between UEs, and the payload of LP-WUS contains a small amount of information.
The information that may indicate operations discussed in 2.1 should be contained in the payload of LP-WUS. Besides, 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. 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 #2: 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.

2.3. Activation/deactivation procedure of LP-WUS monitoring
Activation/deactivation procedure of LP-WUS monitoring for CONNECTED mode can be based on that for IDLE/INACTIVE mode. Similar with IDLE/INACTIVE mode, activation 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. Based on this information, the UE can decide whether to monitor LP-WUS or PO. 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 #3: Specify activation/deactivation of LP-WUS monitoring for CONNECTED mode which can be same or different from IDLE/IANCTIVE mode.
· LP-WUS monitoring can be activated by pre-configured criteria.
· LP-WUS monitoring can be activated by UE request and/or gNB indication.

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:
Proposal #1: Specify LP-WUS operation in CONNECTED mode including at least the following UE behaviors
· The UE starts DRX Active Time based on the indication by LP-WUS
· The UE in PDCCH skipping duration in DRX Active Time restarts PDCCH monitoring based on the indication by LP-WUS
Proposal #2: 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 #3: Specify activation/deactivation of LP-WUS monitoring for CONNECTED mode which can be same or different from IDLE/IANCTIVE mode.
· LP-WUS monitoring can be activated by pre-configured criteria.
· LP-WUS monitoring can be activated by UE request and/or gNB indication.
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