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[bookmark: _Ref178064866]Introduction
The revised WID for Low Power Wake-up Signal and Receiver, along with its objectives, was agreed upon at the RAN#103 meeting, which includes a specific objective for the RRC_CONNECTED mode.
· 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

In this contribution, we would like to show our views on the RAN2 related aspects of LP-WUS in RRC_CONNECTED mode.
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Procedures to allow UE MR PDCCH monitoring triggered by LP-WUS
[bookmark: _Hlk165894740]Regarding the procedures to allow UE MR PDCCH monitoring triggered by LP-WUS, RAN1 had the agreement in RAN1#116bis as follows:
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 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


Option 1-1 is to use LP-WUS as the same function as DCP in Rel-16. Whether the LP-WUS replaces DCP or not is still under discussion, but we think LP-WUS replacing DCP is a better solution because there is no need to configure both simultaneously as long as two mechanisms pursue the same purpose. If LP-WUS replaces DCP, more power saving gain can be achieved compared to using DCP because power consumption for monitoring LP-WUS is much less than monitoring PDCCH (DCP). However, since the UE monitors LP-WUS only before On Duration, DL latency may be longer than Option 1-2 if DL data is generated during DRX inactive time.


< Option 1-1 >

Option 1-2 allows the UE to monitor LP-WUS outside of DRX active time. When the UE receives LP-WUS, the UE moves to (new) DRX active time regardless of On Duration. Since the UE moves to the DRX active time whenever it receives LP-WUS, the DL latency could be reduced compared to Option 1-1. However, to introduce a new DRX active time triggered by LP-WUS, additional specification work is required, e.g. new DRX timer, LP-WUS configuration, etc.
There are two variants in Option 1-2, i.e. Option 1-2-1 and Option 1-2-2, depending on whether the legacy DRX On Duration is configured for PDCCH monitoring or not.
In Option 1-2-1, the legacy DRX On Duration is configured for PDCCH monitoring in addition to DRX active time triggered by LP-WUS. This option is not a standalone solution, and it should be configured together with Option 1-1 to achieve power saving gain, as shown in RAN1 agreement. The LP-WUS monitoring occasion should include the occasion in front of each DRX On Duration to support potential PDCCH monitoring during DRX On Duration.


< Option 1-2-1 configured together with Option 1-1 >

In Option 1-2-2, the legacy DRX On Duration is not configured for PDCCH monitoring but only for CSI/SRS reporting. It means that the DRX configuration is no more used for PDCCH monitoring, which is different from original purpose of DRX configuration. The PDCCH monitoring is only triggered by LP-WUS, regardless of DRX On Duration. Thus, the LP-WUS monitoring occasion may not include the occasion in front of each DRX On Duration.


< Option 1-2-2 >

Options 1-3 is for UE to monitor LP-WUS during DRX active time, and thus can reduce power consumption during DRX active time. However, since the power saving gain could be achieved only during the DRX active time, the power saving gain seems marginal. Moreover, the DL latency would be worst among all options, even degraded compared to legacy DRX operation because the UE monitors PDCCH sparsely during DRX active time.


< Option 1-3 >

Among four options, we think Option 1-3 should be excluded because it does not have notable gain and the latency is worse than legacy DRX operation. 
Then, among remaining three options, we want to exclude Option 1-2-2 because DRX configuration is not used for PDCCH monitoring but for CSI/SRS reporting, which is not the purpose of DRX configuration. RAN1 already discussed possibility to remove DRX configuration when LP-WUS is configured, but this option was excluded due to the same reason. As long as the UE receives DRX configuration, it should be used to monitor PDCCH.
The remaining options are Option 1-1 and Option 1-2-1. But, it should be noted that the Option 1-2-1 cannot be standalone but should be configured together with Option 1-1. Thus, we think Option 1-1 should be the baseline at this point, and Option 1-2-1 can be discussed later, if necessary.

Proposal 1. As a baseline, RAN2 should study the option that LP-WUS replaces DCP.

Activation and deactivation procedure of LP-WUS monitoring
Regarding the activation and deactivation of LP-WUS monitoring, RAN1 has made the agreement in RAN1#116bis as follows:
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.

Though RAN1 suggests four options, they can be categorized into two types:
· Type 1 : Dynamic activation/deactivation of LP-WUS is not supported. (Option 1)
· Type 2 : Dynamic activation/deactivation of LP-WUS is supported. (Option 2, 3, 4)

The Type 2 is slightly better than the Type 1 in terms of power consumption because the UE does not monitor LP-WUS in LR while the UE monitors PDCCH in MR. However, the gain is marginal since the power consumption for LP-WUS monitoring is negligible. 
On the other hand, to enable Type 2, a new mechanism should be introduced to dynamically control the activation/deactivation of LP-WUS. This is a burden of Type 2 over Type 1. Moreover, with the dynamic activation/deactivation mechanism, the desynchronization problem should also be considered, which may be caused by miss-detection/false-detection of LP-WUS activation/deactivation signaling. This is another burden of Type 2 over Type 1.
Considering the gain and pain of Type 2, we think the gain is not justified by the pain, and we proposed that the dynamic activation/deactivation for LP-WUS monitoring should not be supported.

Proposal 2. The dynamic activation/deactivation for LP-WUS monitoring is not supported.
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[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]Based on the above discussion, we made following proposals.

Proposal 1. As a baseline, RAN2 should study the option that LP-WUS replaces DCP.
Proposal 2. The dynamic activation/deactivation for LP-WUS monitoring is not supported.
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