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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#116 meeting, LP-WUS procedures in Connected mode were discussed and some progresses have been achieved [1]. In this contribution, we will further analysis and discuss the issues on the LP-WUS procedures in Connected mode.
Discussion
LP-WUS procedures to trigger PDCCH monitoring
In RAN1#116 meeting, LP-WUS procedures to trigger PDCCH monitoring with/without C-DRX was discussed respectively and the following options was agreed. In this section, we will further discuss the options.
	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 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.



Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
For option 1-1, as shown in Figure 1, LP-WUS is monitored before drx-onDurationTimer and to be used to control drx-onDurationTimer, which is similar as R16 PDCCH based WUS. As similar as R16 PDCCH based WUS, LP-WUS monitoring occasions can be determined by the offsets relative to the start of drx-onDurationTimer. The offsets can be configured by RRC signaling or depend on UE capability. For example, in Figure 1, offset1 depends on UE capability and offset2 is configured by RRC signaling. For option 1-1, another issue is the relationship between LP-WUS and PDCCH based WUS. For the issue, there are three alternatives as following.
· Alt 1: Both LP-WUS and PDCCH based WUS can be configured for a UE. UE use only one of them at a certain time.
· Alt 2: Both LP-WUS and PDCCH based WUS can be configured for a UE. UE monitors LP-WUS and then monitor PDCCH based WUS if LP-WUS wakes up MR.
· Alt 3: LP-WUS and PDCCH based WUS cannot be configured for a UE simultaneously.

For Alt 1, it can be considered as one of the features is disabled based on explicitly or implicitly indication. The power saving gain can be achieved by monitoring LP-WUS than PDCCH based WUS. PDCCH based WUS can be considered as a fallback mechanism instead of LP-WUS. The UE can fallback to monitor PDCCH based WUS, for example, when the UE is out of LP-WUS/WUR coverage.
For Alt 2, UE needs monitor two kinds of wake-up signal. As discussed in next section, group common wake-up indication can be supported for LP-WUS. UE group of PDCCH based WUS can be considered as subgrouping of LP-WUS. UE monitors LP-WUS firstly and LP-WUS can trigger PDCCH monitoring for UEs in a group. The UEs waken-up by LP-WUS further monitor PDCCH based WUS, and PDCCH based WUS indicates the UEs in a subgroup to monitor PDCCH. For this Alt, the UE complexity and the benefit should be considered.
For Alt 3, there are two kinds of understanding, one is UE cannot support both LP-WUS and PDCCH based WUS from the UE capability side, another is UE supports the two features however gNB configures only one of the features. For the former, it restricts the deployment of LP-WUS and PDCCH based WUS. For the latter, RRC reconfiguration is needed if gNB expects to switch the function of LP-WUS and PDCCH based WUS.
Based on the discussion, Alt 1 is preferred.
For option 1-2, LP-WUS monitoring occasions can be configured more flexible. LP-WUS can be monitored at any time of outside C-DRX active time. To reduce the latency of data transmission, UE can enter into an additional active time if LP-WUS indicates to wake-up the UE. By this option, the additional active time would be specified. Another impact is the behavior of existing C-DRX timers, e.g., drx-onDurationTimer. 
For option 1-3, power saving gain can be achieved by monitoring LP-WUS instead of PDCCH in C-DRX active time. In C-DRX active time, the UE monitors LP-WUS until the LP-WUS triggers PDCCH monitoring. In this option, the behavior of PDCCH monitoring in C-DRX active time is impacted. 


Figure 1 Relationships bwtween LP-WUS and C-DRX
Based on the discussions, the following proposal is provided.
Proposal 1: For Case 1, Option 1-1 can be supported. Both LP-WUS and PDCCH based WUS can be configured for a UE. UE use only one of them at a certain time. The condition of using LP-WUS or PDCCH based WUS can be further studied.

Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration
To enlarge the deployment of LP-WUS, we support LP-WUS operations without C-DRX configuration. According to the WID, at least of duty-cycled monitoring of LP-WUS is supported. Case 1 and Case 2 can depend on gNB’s configuration or UE capability.
Proposal 2: For Case 2, duty-cycled LP-WUS monitoring is supported.

Content of LP-WUS in connected mode
In Rel-18, the information on which UEs are targeted by LP-WUS in connected states, such as UE group /UE subgroup IDs were specified as given in TR 38.869. 
	For CONNECTED mode, study at least following candidates for content of LP-WUS
-	information on which user(s) is/are targeted by the LP-WUS
-	e.g UE-group, -subgroup or -ID
-	indication to wake-up to PDCCH monitoring.
-	Other information candidates are not precluded
-	Study pros and cons of including above information to LP-WUS. 
-	Note: the information may be explicitly or implicitly indicated.



In connected mode, the LP-WUS can target UEs using UE-group/subgroup ID and wake-up indication for the MR, without including other unnecessary information. However, separate subgrouping can be used from the idle/inactive subgroups for targeting the UEs in connected states. One issue with including UE subgroup ID in the LP-WUS content is that it would result in significant overhead and increased complexity in decoding the LP-WUS at the UE's LP-WUR, which goes against the main objective of the LP-WUS. To address this issue, low overhead temporary subgroups IDs can be defined and used by the LP-WUS to target connected state UEs.
Proposal 3: The content of LP-WUS for connected states may include: 
· Cell information and Temporary subgroup ID for UEs in connected mode
· Indication field to wake up the MRs of UEs for PDCCH monitoring 

Activation/deactivation of LP-WUS monitoring 
In RAN1#116 meeting [1], the following agreement on activation/deactivation of LP-WUS monitoring was achieved. In this section, we will further discuss the issue.
	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
· [bookmark: _Hlk162883691][bookmark: _Hlk162883816]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.



To save more power saving, it supports that L1/L2 signaling triggers activation/deactivation of LP-WUS monitoring. For example, When the UE is monitoring PDCCH, deactivation of LP-WUS monitoring can be explicitly or implicitly indicated by PDCCH.
Timer based deactivation of LP-WUS monitoring is needed. For example, when the UE is out of the coverage of LP-WUS/LP-WUR, LP-WUS is not detected by the UE, then the latency/UPT would be impacted if the LP-WUS triggers PDCCH monitoring. Hence, a timer is needed as a fallback mechanism. After the LP-WUS is activated, the UE running the timer. If the UE doesn’t detect a LP-WUS before the expiration of the timer, the UE deactivates LP-WUS monitoring and starts PDCCH monitoring.
The main function of LP-WUS is triggering PDCCH monitoring or not. When LP-WUS is activated, UL signaling including SR, BSR, PRACH, CG PUSCH should still be transmitted. For SR/BSR, when the UL traffic arrives, the UE will transmit SR or BSR. For PRACH, UE will perform RACH procedure in case of UL out of synchronization or beam failure recovery, etc. For CG PUSCH, if configured, the UE can transmit it when UL traffic arrives. When one of these UL signaling is transmitted, the UE should start PDCCH monitoring. To save more power saving, deactivation of LP-WUS monitoring by UL signaling including SR, BSR, PRACH, CG PUSCH can be supported.
Proposal 4: For the activation/deactivation of LP-WUS monitoring, the following schemes should be studied:
· Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling.
· Deactivation of LP-WUS monitoring and resume PDCCH monitoring by timers.
· [bookmark: _Hlk162896077]Deactivation of LP-WUS monitoring by UL signaling including SR, BSR, PRACH, CG PUSCH.

Other impacts 
UL signaling
In section 2.3, UL signaling including SR, BSR, PRACH, CG PUSCH are discussed. In these section, other UL signaling are further discussed.
· HARQ-ACK: HARQ-ACK information has higher priority. It is supported that HARQ-ACK information can be transmitted when the UE MR is in light/micro sleep state.
· CSI reporting: CSI reporting is helpful for gNB to achieve accurate information of channel quality. However, CSI reporting will reduce the power saving gain. whether or not the UE can transmit CSI can be further considered.
· SRS: SRS transmitting is helpful for gNB to achieve accurate information of UL channel quality. However, SRS transmitting will reduce the power saving gain. whether or not the UE can transmit SRS can be further considered.
Proposal 5: At least support transmitting HARQ-ACK when LP-WUS indicates not monitoring PDCCH. Study whether or not transmitting CSI reporting and SRS when the UE MR is in light/micro sleep state.
Cell DTX/DRX
In R18, a feature of cell DTX/DRX was introduced. PDCCH monitoring is also controlled by Cell DTX mechanism. The impact of LP-WUS and Cell DTX/DRX can be further considered.
Proposal 6: Study the impact of LP-WUS and Cell DTX/DRX.

Conclusion
In this contribution, we discuss the LP-WUS procedures in Connected mode. The following proposals are provided.
Proposal 1: For Case 1, Option 1-1 can be supported. Both LP-WUS and PDCCH based WUS can be configured for a UE. UE use only one of them at a certain time. The condition of using LP-WUS or PDCCH based WUS can be further studied.
Proposal 2: For Case 2, duty-cycled LP-WUS monitoring is supported.
Proposal 3: The content of LP-WUS for connected states may include: 
· Cell information and Temporary subgroup ID for UEs in connected mode
· Indication field to wake up the MRs of UEs for PDCCH monitoring 
Proposal 4: For the activation/deactivation of LP-WUS monitoring, the following schemes should be studied:
· Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling.
· Deactivation of LP-WUS monitoring and resume PDCCH monitoring by timers.
· Deactivation of LP-WUS monitoring by UL signaling including SR, BSR, PRACH, CG PUSCH.
Proposal 5: At least support transmitting HARQ-ACK when LP-WUS indicates not monitoring PDCCH. Study whether or not transmitting CSI reporting and SRS when the UE MR is in light/micro sleep state.
Proposal 6: Study the impact of LP-WUS and Cell DTX/DRX.
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