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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#102 meeting, new WID: Low-power wake-up signal and receiver for NR was agreed [1]-[2]. One of the objectives in this WID is:
	· 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 focus the procedure for PDCCH monitor and activation/deactivation of LP-WUS in RRC_CONNECTED mode to analyze the potential issues and solutions. Finally, our proposals are provided from our perspective.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Discussion
2.1	LP-WUS monitoring procedure
In TR 38.869 [3], procedures related to LP-WUS operation methods in RRC_CONNECTED were summarized which is shown below:
Table 1: LP-WUS operation methods in RRC_CONNECTED in TR38.869
	LP-WUS application
	Details
	Start PDCCH monitoring condition
	Stop PDCCH monitoring condition

	Direction 1: LP-WUS monitoring occasion is determined based on timer(s) related C-DRX
	Option 1: similar to Rel-16 DCP, i.e. the LP-WUS monitoring occasion is located before drx-onDurationTimer.
	If LP-WUS addressed to UE or UE's subgroup is detected and the legacy drx-onDurationTimer is started
	It could follow legacy, i.e. at expiration of a C-DRX timer, e.g. C-DRX drx-OnDurationTimer or when the UE receives Rel-17 PDCCH skipping indication (if supported and configured).

	
	Option 2: the LP-WUS monitoring occasion is located at any time outside DRX active time to indicate UE to enter into active time
	If LP-WUS addressed to UE or UE's subgroup is detected
	

	Direction 2: LP-WUS monitoring occasion is not determined based on timer(s) related C-DRX
	Option 4: the LP-WUS monitoring occasion is located at any time regardless of whether DRX is configured or not.
	
	

	Direction 3: LP-WUS is transparent to current MAC operation
	The LP-WUS monitoring occasion should be determined based on physical layer design/restriction.
This direction may not have any impact on MAC.
	N/A
	N/A


Based on the progress in TR, RAN1 discussed different options for LP-WUS monitoring in RRC_CONNECTED mode in RAN1#116 [4] and RAN1#116bis meeting [5]. And the following agreements were made. It can be seen the case that PDCCH monitoring is triggered by LP-WUS without C-DRX configuration has been excluded by RAN1. In the following, we continue to analyze the remaining cases.
	Agreement
Update the following agreement in RAN1#116 in red:
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


2.1.1 Option 1-1
Generally, the procedure of option 1-1 is that the UE performs LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer. The procedure is depicted in Figure 1.
In this option, the function of LP-WUS is similar to that of DCP which plays a role of indicating the UE to start drx-onDurationTimer. I.e., if the UE receives LP-WUS indicating the UE to switch on MR, the UE will monitor PDCCH via MR within drx-onDurationTimer. Otherwise, the UE continue to monitor LP-WUS via LR no matter the UE is within the drx-onDurationTimer or not.
Since this option can be enabled in the similar way as Rel-16 DCP, most parameters can follow legacy configuration. For example, the legacy DRX timer mechanism can be reused in this option. But it is not friendly to the latency reduction and less flexible considering the UE can only be waked up at the time of DRX on duration when DL traffic arrives.


Figure 1: LP-WUS monitor procedure in Option 1-1
2.1.2 Option 1-2
Based on RAN1 progress, it can be concluded for option 1-2 that the UE performs LP-WUS monitoring outside at least legacy C-DRX active time according to the LP-WUS monitoring configuration. But regarding how the UE performs PDCCH monitoring during legacy DRX active time, option 1-2-1 and option 1-2-2 are provided.
Firstly, we want to clarify the terminology “C-DRX active time” in RAN1 agreement. Generally, the DRX active time in MAC may refer to the time when drx-onDurationTimer, drx-InactivityTimer or drx-RetransmissionTimerDL/UL is running. But, according to the discussion in RAN1 for option 1-2, the main difference for option 1-2-1 and option 1-2-2 focus on the relationship between PDCCH monitoring is performed and drx-onDurationTimer. Hence, we think the terminology “legacy C-DRX active time” actually means the time when legacy drx-onDurationTimer is running.
Proposal 1: RAN2 to confirm the terminology “C-DRX active time” for option 1-2 in RAN1 agreements is the time during legacy drx-onDurationTimer duration.
Based Proposal 1, we discuss option 1-2-1 and option 1-2-2 respectively.
2.1.2.1	Option 1-2-1
In option 1-2-1, the UE may be triggered to monitor PDCCH additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS. Based on RAN1 agreements, this option should be configured together with Option 1-1 to achieve power saving gain compared to legacy C-DRX. 
In this option, two sets of UE behaviors are defined for outside DRX active time and inside DRX active time in one DRX cycle.
For the time outside DRX active time, the UE will monitor LP-WUS to trigger PDCCH monitor. When the UE receives LP-WUS indicating the UE to monitor PDCCH, the UE will perform PDCCH monitoring. Otherwise, the UE will remain monitor LP-WUS. But it is FFS on whether/how the UE stops PDCCH monitoring. One possible solution is that one timer is started when the UE starts to monitor PDCCH. When the timer expires, the UE stops PDCCH monitor. The timer can be legacy timers, e.g. DRX inactivity timer or new defined timers which can be discussed later.
For DRX active time, UE can follow the same mechanism in option 1-1. That is the UE monitors the LP-WUS with one offset before DRX active time. If the LP-WUS indicates the UE to perform PDCCH monitoring, the UE starts DRX active timer and performs PDCCH monitoring based on legacy DRX behavior. Otherwise, the UE will not start DRX active timer and does not monitor PDCCH for the whole DRX on duration.
For the next DRX cycle, the UE continues these behaviors. One example is shown in Figure 2.
In this option, latency will be reduced for the time during outside the legacy DRX on duration time. But, it requires the UE to keep monitoring the PDCCH once the DRX on duration timer is started, which is not friendly to the power saving compared with option 1-2-2. Furthermore, two different UE mechanisms are defined to monitor PDCCH for the time outside legacy DRX active time and inside legacy DRX active time, which inevitably brings additional complexities to UE behavior and huge impacts on the spec.


Figure 2: LP-WUS monitor procedure in Option 1-2-1
2.1.2.2	Option 1-2-2
As similar as option 1-2-1, the UE behavior can be analyzed for both outside legacy DRX on duration time and inside DRX on duration time in option 1-2-2.
For the time outside at least legacy DRX active time, the UE will monitor LP-WUS. For legacy DRX active time, different from option 1-2-1, the PDCCH monitoring is not triggered by legacy DRX cycle and DRX on duration timer, but following the LP-WUS indication. Hence, the UE behavior can be aligned the whole DRX cycle. One example is shown in Figure 3.
In this option, it is flexible and shows high gain on latency reduction. Regarding power saving, it depends on the traffic characteristics and the details mechanisms. High power saving gain can be achieved especially for traffic which arrives irregularly. New behavior on whether/how to stop PDCCH monitor should be defined. For example, when the UE is waked up, whether/which timer can be started (e.g., on duration timer, inactivity timer or new defined timer), or whether other timers needed to be maintained like legacy DRX (e.g., HARQ RTT timer，retransmission timer). This definitely brings spec impact compared with option 1-1.


Figure 3: LP-WUS monitor procedure in Option 1-2-2
2.1.3 Option 1-3
In this option, the UE monitors the LP-WUS within the legacy DRX on duration timer. When the UE detects the LP-WUS indicates the UE to monitor PDCCH, the UE starts to monitor PDCCH.
This option is beneficial to traffic with jitter, e.g., XR, to save some power consumption. But the scenario is only limited to traffic with jitter, which can’t be extended to other scenario.


Figure 4: LP-WUS monitor procedure in Option 1-3
2.1.4 Summary
In this section, the pros and cons of all these options are summarized in the Table 1.
Table 1 Pros and Cons analysis on LP-WUS monitor procedures for RRC_CONNECTED mode
	Option
	Pros
	Cons

	1-1
	· Since this option can be enabled in the similar way as Rel-16 DCP, most parameters can follow legacy configuration. It is simple and has less impacts on the spec.
	· Latency reduction gain is low compared with option 1-2.

	1-2-1
	· In this option, it is flexible for the UE to monitor PDCCH except the time of DRX on duration.
· Service latency is reduced.
	· This option is complex, e.g., new mechanism on PDCCH monitoring and MAC procedures need to be defined and 2 sets of UE behavior need to be introduced.
· Less energy saving compared with option 1-2-2.

	1-2-2
	· In this option, it is flexible for the UE to monitor PDCCH for the whole procedure.
· Service latency is reduced.
	· This option is complex, e.g., new mechanism on PDCCH monitoring and MAC procedures need to be defined.

	1-3
	· Enable flexible triggering for PDCCH monitoring starting from the middle of DRX Active Time.
	· Use case is limited to traffic with jitter.


Based on Table 1, it can be seen that option 1-1 can be easily specified considering its simplicity and less impacts on the spec. Option 1-2-1 brings higher complexity and less power saving gain compared with option 1-2-2, which can be deprioritized. Option 1-3 which can be applied in limited cases can also be deprioritized. Hence, we propose that:
Proposal 2: At least Option 1-1 is supported for LP-WUS in RRC_CONNECTED mode.
Proposal 3: Option 1-2-1 and Option 1-3 are not supported for LP-WUS monitoring in RRC_CONNECTED mode.
2.2	LP-WUS activation/Deactivation
It was agreed in RAN1#116 meeting that:
	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.



It can be seen the PDCCH monitoring triggered by LP-WUS is enabled/disabled by RRC signaling. 
Whether to support UE assistance is further discussed. The enabled/disabled of the PDCCH monitoring in RRC_CONNECTED mode can be well-controlled by gNB. gNB can determine to enable/disable LP-WUS monitoring without any UE assistance information. For example, gNB may apply the channel quality information to determine whether enable or disable LP-WUS monitoring without UE reporting on the condition of LP-WUS monitoring. Hence, gNB RRC signaling with UE assistance should not be supported.
When LP-WUS monitoring is enabled, the LP-WUS monitoring can be active all the time for the UE power saving considering the power consumption on LP-WUS monitoring is low. Hence, the benefit of deactivation of LP-WUS monitoring is not clear. In other words, the use case for dynamic activation and deactivation of LP-WUS monitoring shows no benefit in achieving UE power saving. Thus, no additional indication/condition is introduced for activation/deactivation of LP-WUS monitoring (i.e. Option 1) can be supported.
Hence, there is no need for the UE waiting for the subsequent network indication to activate/deactivate LP-WUS monitor after LP-WUS configuration by RRC signaling. The UE can enable LP-WUS monitoring when the LP-WUS configuration is configured by the RRC signaling.
Proposal 4: No additional indication/condition is introduced for activation/deactivation of LP-WUS monitoring.
Proposal 5: The UE enables/disables LP-WUS monitoring by the LP-WUS configuration.
Conclusion
In this document, we analyse procedure and activation/deactivation of LP-WUS in RRC_CONNECTED state, and we have the following proposls as follows:
[bookmark: _GoBack]Proposal 1: RAN2 to confirm the terminology “C-DRX active time” for option 1-2 in RAN1 agreements is the time during legacy drx-onDurationTimer duration.
Proposal 2: At least Option 1-1 is supported for LP-WUS in RRC_CONNECTED mode.
Proposal 3: Option 1-2-1 and Option 1-3 are not supported for LP-WUS monitoring in RRC_CONNECTED mode.
Proposal 4: No additional indication/condition is introduced for activation/deactivation of LP-WUS monitoring.
Proposal 5: The UE enables/disables LP-WUS monitoring by the LP-WUS configuration.
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