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1 Introduction
In RAN1#116 [1], the following agreements regarding the LP-WUS operation for RRC_CONNECTED mode were made: 
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.

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.
This contribution discusses the further details on supporting LP-WUS operation in RRC_CONNECTED mode. 
2 General design principle
1 
2 
As noted in the WID, the optimization of LP-WUS design for RRC_IDLE and RRC_INACTIVE modes is prioritized over the optimization for RRC_CONNECTED mode. Following this general principle, design aspects for LP-WUS operation in RRC_CONNECTED mode shall take the ones for RRC_IDLE and RRC_INACTIVE as a baseline, with further optimization whenever essentially needed. For example, the proposals in [2] and [3] are served as our baseline for LP-WUS design in RRC_CONNECTED mode, with further considerations on aspects detailed in Section 3 to 6 in this contribution which are in particular applied to RRC_CONNECTED mode only. 
Proposal 1: LP-WUS operation in RRC_CONNECTED mode shall take RRC_IDLE and RRC_INACTIVE modes as a baseline, and is only optimized over aspects exclusively applicable for RRC_CONNECTED mode.
3 Information carried by LP-WUS
3 
4 
[bookmark: _GoBack]Similar to RRC_IDLE/INACTIVE mode [2], the amount of information carried by LP-WUS shall consider the trade-off between the amount of resources used for LP-WUS transmission and the detection/decoding performance of the LP-WUS (e.g., false alarm, misdetection, etc.), wherein the maximum number of bits carried by LP-WUS can be determined between 8 and 16 based on evaluation results from agenda 9.6.1. 
To avoid severe false alarm (and the resulting power waste at the MR), the LP-WUS should carry ID information of the target receiver for waking-up as a baseline, and the presence of the LP-WUS can be served as the indication of wake-up. 
Moreover, to efficiently carry the information, a message based channel structure with CRC can be supported. 
Proposal 2: For RRC_CONNECTED mode:
· information bits are included in the payload of LP-WUS with a CRC; 
· information bits include at least one identification of the targeted UE (s) (UE-group ID, or UE-subgroup ID);
· the presence of the LP-WUS indicates the targeted UE(s) to wake-up.
4 Configuration of LP-WUS
5 
6 
The configuration of LP-WUS at least include the time domain and frequency domain resources for the monitoring occasions of LP-WUS, and for RRC_CONNECTED mode, the configuration can be further provided by dedicated RRC parameter, in addition to the methods supported in RRC_IDLE and RRC_INACTIVE modes. 
Proposal 3: In RRC_CONNECTED mode, the configuration of LP-WUS is further provided by dedicated RRC parameter, in addition to the methods supported in RRC_IDLE and RRC_INACTIVE modes.
Detailed configuration of LP-WUS in RRC_CONNECTED mode shall reuse the one for RRC_IDLE and RRC_INACTIVE as much as possible, and proposals in [2] for RRC_IDLE and RRC_INACTIVE modes are repeated here for RRC_CONNECTED mode. 
Proposal 4: For configuration of LP-WUS:
· Frequency location of LP-WUS shall be configurable;
· Sub-grouping for LP-WUS can be supported;
· DRX operation for monitoring LP-WUS is supported.
Moreover, one design aspect exclusively applicable for RRC_CONNECTED mode is the alignment between LP-WUS DRX and C-DRX, when C-DRX operation is configured for UE monitoring LP-WUS. For example, as a baseline, the cycle for LP-WUS DRX can be the same as the C-DRX cycle. 
Proposal 5: When C-DRX operation is configured, the cycle for LP-WUS DRX can be at least the same as the C-DRX cycle. 
5 Activation/Deactivation of LP-WUS Monitoring
7 
8 
In RAN1#116 [1], activation/deactivation mechanism for LP-WUS monitoring was discussed, and the following 4 options were agreed for further discussion: 
· 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.
From our perspective, supporting explicit activation/deactivation mechanism is more reliable and feasible for RRC_CONENCTED mode, so that Option 2 and Option 3 can be prioritized in the future discussion. Option 3 may need involvement of RAN2 work since conditions and timer may be needed for detailed design. 
For Option 2, in order to avoid any misalignment between the gNB and UE on the activation of LP-WUS monitoring, one or two confirmations can be transmitted by the MR to the gNB to confirm the successful reception of the trigger and LP-WUS in RRC_CONNECTED mode. For example, the first confirmation message can be transmitted from the MR to the gNB to confirm the successful reception of the trigger by the MR, and the second confirmation message can be transmitted from the MR to the gNB to confirm the successful reception of the LP-WUS by the LR. After the handshake procedure, the gNB and the UE build up a reliable common understanding on the use of MR or LR to avoid missing transmission or reception between the gNB and the UE. If the gNB misses any of the confirmation messages, the gNB can retransmit the corresponding trigger or LP-WUS until the confirmation message is received. An illustration of this procedure is shown in Figure 1. 


[bookmark: _Ref126843091]Figure 1 Illustration of confirmation procedure for LP-WUS monitoring. 
Similarly, there can also be a confirmation message sent from the UE to the gNB, indicating deactivation of LP-WUS monitoring. An illustration of this procedure is shown in Figure 2. 



Figure 2 Illustration of confirmation procedure for receiving the LP-WUS.

Proposal 6: For activation/deactivation of LP-WUS monitoring, prioritize Option 2 and Option 3, and support explicit confirmation message(s) from the UE to the gNB for handshake in Option 2. 
6 UE behavior after receiving LP-WUS
9 
10 
In RAN1#116 [1], the following cases and options were discussed regarding the PDCCH monitoring behaviour after receiving a LP-WUS indicating wake-up. 
· 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
First, it is noted that both Case 1 and Case 2 need to be supported, since restricting the usage of LP-WUS to be tied with C-DRX would be too conservative. Case 2 could be even a more genetic case to support LP-WUS without bundling a LP-WUS monitoring configuration/occasion with C-DRX operation. 
Within Case 1, the intention of Option 1-1 at least covers the replacement of DCI format 2_6; and Option 1-2 is intended for flexible monitoring occasion of LP-WUS such that PDCCH monitoring after wake-up can be controlled to a configured duration and save the latency; and Option 1-3 uses a different pre-assumption on the PDCCH monitoring within the active time and further energy saving gain be achieved by enabling the PDCCH monitoring only based on LP-WUS indication. Among the three options, Option 1-1 is the one with least design effort and can reuse more design aspects from DCI format 2_6. Hence, we are supportive of Option 1-1 as the baseline functionality of LP-WUS when C-DRX is configured, and further study the remaining options if time allows in the work item. 
Proposal 7: For PDCCH monitoring after wake-up indication by LP-WUS, at least support Option 1-1 in Case 1 and Case 2.
7 Conclusion
The proposals made in this contribution are summarized below: 

Proposal 1: LP-WUS operation in RRC_CONNECTED mode shall take RRC_IDLE and RRC_INACTIVE modes as a baseline, and is only optimized over aspects exclusively applicable for RRC_CONNECTED mode.
Proposal 2: For RRC_CONNECTED mode:
· information bits are included in the payload of LP-WUS with a CRC; 
· information bits include at least one identification of the targeted UE (s) (UE-group ID, or UE-subgroup ID);
· the presence of the LP-WUS indicates the targeted UE(s) to wake-up.
Proposal 3: In RRC_CONNECTED mode, the configuration of LP-WUS is further provided by dedicated RRC parameter, in addition to the methods supported in RRC_IDLE and RRC_INACTIVE modes.
Proposal 4: For configuration of LP-WUS:
· Frequency location of LP-WUS shall be configurable;
· Sub-grouping for LP-WUS can be supported;
· DRX operation for monitoring LP-WUS is supported.
Proposal 5: When C-DRX operation is configured, the cycle for LP-WUS DRX can be at least the same as the C-DRX cycle. 
Proposal 6: For activation/deactivation of LP-WUS monitoring, prioritize Option 2 and Option 3, and support explicit confirmation message(s) from the UE to the gNB for handshake in Option 2. 
Proposal 7: For PDCCH monitoring after wake-up indication by LP-WUS, at least support Option 1-1 in Case 1 and Case 2.
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