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1. Introduction 
At the RAN#102 meeting, new WID on Rel-19 LP-WUS/WUR was approved [1]. The work item includes objectives related to LP-WUS operation in CONNECTED mode as follows:
· 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.

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

2. Discussion 
2.1. LP-WUS payload contents/size
As described above WID objectives, LP-WUS monitoring procedures in CONNECTED mode need to be discussed and specified. Since the detail procedures of LP-WUS monitoring depend on what information the LP-WUS includes and how the information is provided to the UE, we think LP-WUS payload contents and indication type (e.g., unicast, groupcast or broadcast) need to be discussed firstly. At this stage, various LP-WUS payload contents can be considered. We believe that at least wake-up indication for main receiver (MR) with 1bit is necessary. In addition, other payload contents and the required field size should be discussed further.
Proposal 1: At least LP-WUS payload of MR wake-up indication (e.g., 1bit) is necessary in CONNECTED mode
Proposal 2: Study how to indicate LP-WUS to CONNECTED mode UEs
· e.g., unicast, groupcast or broadcast 

2.2. LP-WUS monitoring
Regarding LP-WUS monitoring mechanism, two monitoring types can be considered. One is continuous monitoring type, which provides PDCCH monitoring triggered by LP-WUS with low latency. The other is duty-cycled monitoring type, which saves more UE power consumption than continuous monitoring type. Both monitoring types were studied in Rel-18 SI phase, and then RAN concluded that Rel-19 NR supports at least duty-cycled LP-WUS monitoring. It was captured in WID objectives [1]. In this contribution, we discuss key issues related to duty-cycled LP-WUS monitoring.
2.2.1. Timeline between LP-WUS reception and PDCCH monitoring
[image: ]For duty-cycled LP-WUS monitoring, one of key issues is when the UE starts to monitor PDCCH at MR. For specification simplicity, it may be considered the start of PDCCH monitoring with time offset from LP-WUS reception timing at LP-WUR as shown in figure 1. 
Figure 1: Example timeline of LP-WUS triggering PDCCH monitoring in CONNECTED mode
Given that time offset based triggering mechanism is supported in Rel-16 DCI with CRC scrambled by PS-RNTI (DCP), the time offset value of WUS in DCP may be baseline for time offset between LP-WUS reception and PDCCH monitoring. On top of the time offset value of WUS, at least processing time (e.g., including LP-WUS decode) and MR ramp-up time from sleep to active state should be additionally considered to specify the time offset value.
Observation 1: Timeline of Rel-16 DCP (e.g., time offset between DCP reception and PDCCH monitoring) may be baseline for timeline of LP-WUS operation (e.g., time offset between LP-WUS reception and PDCCH monitoring)
Proposal 3: Regarding time offset between LP-WUS reception and PDCCH monitoring, at least the following aspects should be considered
· Processing time including LP-WUS decode 
· MR ramp-up time from sleep to active state

2.2.2. Coexistence of LP-WUS and legacy UE power saving features
In the current NR specifications, various UE power saving features are supported. For example, Rel-15 NR supports UE behaviour with discontinuous reception when there is no traffic to the UE. It is called C-DRX/I-DRX and provides UE power saving gain by sleeping periodically. Rel-16 NR supports DCP (DCI with CRC scrambled by PS-RNTI) which can indicate to a UE whether the UE should wake-up at the next PDCCH monitoring occasion or continue to keep sleep state. If the UE keeps sleep state for longer duration, the UE power consumption would be reduced. Rel-17 NR supports PDCCH skipping and SSSG (Search Space Set Group) switching. For PDCCH skipping, the UE can skip PDCCH monitoring for a certain duration which is indicated by DCI. When NW indicates that a UE skips PDCCH monitoring for longer duration, the UE will continue to keep sleep state. For SSSG switching, the UE can dynamically switch between preconfigured SSSGs. The switching indication is provided in 1 or 2 bits of DCI field. If SSSGs with short PDCCH monitoring cycle and long PDCCH monitoring cycle are configured to a UE, the UE power consumption can be reduced by switching to the SSSG with long PDCCH monitoring cycle.
Depending on the target scenario, the above legacy UE power saving features may be configured together with LP-WUS. Thus, RAN1 should discuss coexistence of LP-WUS and legacy UE power saving features such as at least C-DRX operation, Rel-16 DCP and Rel-17 PDCCH skipping/SSSG switching.
Proposal 4: RAN1 should discuss coexistence of LP-WUS and legacy UE power saving features at least as follows:
· PDCCH monitoring in C-DRX operation
· Rel-16 DCP
· Rel-17 PDCCH skipping/SSSG switching

2.3. Entry/exit condition for LP-WUS monitoring
Considering Rel-18 SI discussion, LP-WUS would be assumed to be monitored at not MR but LP-WUR. Since LP-WUS and LP-WUR are new signal and receiver, we need to discuss and specify how to activate/deactivate LP-WUS monitoring at LP-WUR. At this stage, there are various schemes to activate/deactivate LP-WUS monitoring.
The first candidate is condition-based scheme. For example, when a UE moves from cell edge to the center and the RRM measurement results show better quality, the UE activates LP-WUS monitoring based on a criteria in the specification. In addition to such measurement-based solution, we can also consider preconfigured-based solution (e.g., activation/deactivation timer). Condition-based scheme may be difficult to control activation/deactivation flexibly, however, the signaling overhead is expected to be smaller than in signaling-based scheme.
The second candidate is signaling-based scheme. Given that activation/deactivation latency depends on which signal is used to indicate it (e.g., via RRC, DCI), it needs further discussion together with the required latency of LP-WUS operation in CONNECTED mode. Signaling-based scheme enables to activate/deactivate LP-WUS monitoring at the desired timing, thus, the advantage is enabling to control timing of activation/deactivation by NW.
The third candidate is up to UE implementation. In this case, the specifications allow a UE to monitor LP-WUS flexibly according to the UE capability. Moreover, there is no signaling overhead to switch between active and inactive state. However, NW does not understand whether the UE is monitoring LP-WUS or not. It may not be desirable from perspective of NW side, and further discussion is needed.
For each activation and deactivation scheme of LP-WUS monitoring, different solution can be considered. In case of activation scheme, transition time from inactive to active state may require lower latency, thus, signaling-based scheme would be better than condition-based scheme and UE implementation. On the other hand, for deactivation scheme, transition time from active to inactive state would not be required as much latency as activation case, and condition-based scheme which saves signaling overhead may be better than signaling-based scheme and UE implementation.
Proposal 5: For each of activation scheme and deactivation scheme of LP-WUS monitoring, potential solutions based on at least condition or signaling should be studied.
· Further discussion is necessary for UE implementation scheme

3. Conclusion
In this contribution, LP-WUS operation in CONNECTED mode was discussed. Based on the discussion, the following observation and proposals were made:
Observation 1: Timeline of Rel-16 DCP (e.g., time offset between DCP reception and PDCCH monitoring) may be baseline for timeline of LP-WUS operation (e.g., time offset between LP-WUS reception and PDCCH monitoring)
Proposal 1: At least LP-WUS payload of MR wake-up indication (e.g., 1bit) is necessary in CONNECTED mode
Proposal 2: Study how to indicate LP-WUS to CONNECTED mode UEs
· e.g., unicast, groupcast or broadcast 
Proposal 3: Regarding time offset between LP-WUS reception and PDCCH monitoring, at least the following aspects should be considered
· Processing time including LP-WUS decode 
· MR ramp-up time from sleep to active state
Proposal 4: RAN1 should discuss coexistence of LP-WUS and legacy UE power saving features at least as follows:
· PDCCH monitoring in C-DRX operation
· Rel-16 DCP
· Rel-17 PDCCH skipping/SSSG switching
Proposal 5: For each of activation scheme and deactivation scheme of LP-WUS monitoring, potential solutions based on at least condition or signaling should be studied.
· Further discussion is necessary for UE implementation scheme
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