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Introduction
It was agreed in WID [1] to specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS.
	· [bookmark: _Hlk153295984]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



WUS monitoring occasions
There are two modes for LR to monitor LP-WUS, i.e. ‘continuous’ and ‘duty-cycled’ mode. The corresponding Pros/Cons for these two modes are summarized in the below table [2].
	Table 7.3.2.2-1: Pros and Cons of ‘duty-cycled’ and ‘continuous’ mode for LP-WUS
	
	‘Duty-cycled’ mode for LP-WUS
	‘Continuous’ mode for LP-WUS

	Pros
	More UE power saving gain than continuous mode LP-WUS.
	Potentially shorter DL latency than ‘Duty-cycled’ mode.
LP-WUR does not need to keep track of slot or radio frame numbering (i.e., DRX timing).

	Cons
	LP-WUR must keep track of slot and/or radio frame numbering (i.e., DRX timing).
Potentially longer DL latency.
	Higher power consumption than duty-cycled LP-WUS.





For latency, if time duration of an LP-WUS is too long, e.g. multiple slots, duty-cycled mode will cause significant latency. It may not be acceptable for XR traffic. It is noted that R16 DCP (i.e. DCI format 2_6) only has time duration of CORESET duration (i.e. up to 3 symbols). 
For power saving gain, duty-cycled mode has advantage obviously. The trade-off between latency and power saving should be balanced. If time duration of an LP-WUS is not long, e.g. no greater than a slot, duty-cycled mode can be applied.
As another possible way, duty cycle can be smaller than time duration of an LP-WUS, which can reduce latency for duty cycled mode. However, it may cause collision between two adjacent LP-WUS durations, and collisions needs to be considered in LP-WUS design in terms of blind detection. To enable non-collision, back-to-back duty cycled monitoring can be configured, i.e. duty cycle is the same as time duration of an LP-WUS. In this way, difference between duty cycled mode and continuous mode is minor.
Observation 1: Difference between duty cycled mode and continuous mode can be minor by configurations.
For timing tracking (slot/frame number), since MR does not enter ultra deep sleep state, clock of MR can track the timing easily. We do not see the problem of timing tracking.
Therefore, we think at least duty-cycled mode for LP-WUS monitoring can be supported.
Proposal 1: At least duty-cycled mode for LP-WUS monitoring can be supported.

LP-WUS Procedures to trigger PDCCH monitoring
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In ran1#116b, the following agreement on LP-WUS procedures to trigger PDCCH monitoring had been achieved [3].
	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



1.1 Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
· Option 1-1
For Option 1-1, more power saving gain is expected compared to R16 DCP, since power consumption of LP-WUS monitoring at LR is much less than that of PDCCH monitoring at MR, as shown in the below Figure. However, the power saving gain of LP-WUS may not be promising compared to R16 DCP, because power consumption of R16 DCP is not dominant in total power consumption.


Figure 1-1: Diagram of Option 1
· Option 1-2
For Option 1-2, the following two options had been discussed in last meeting.
· 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
Regarding Option 1-2-1, if PDCCH monitoring may be additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS, there is no power saving gain.  In order to achieve power saving gain compared to legacy C-DRX, most companies think Option 1-2-1 should be configured together with Option 1-1. In our view, if Option 1-2-1 is configured together with Option 1-1, it means we need to design two types of LP-WUS functions, one to trigger PDCCH monitoring and the other to indicate whether drx-onDurationTimer is started. There are more specification impacts, since active time independent of on-duration or inactivity timer should be introduced, e.g. WUR-specific on-duration timer. On the other hand, there is problem for coexistence between LP-WUS mechanism and C-DRX mechanism, e.g. overlapping between WUR-specific on-duration timer and current C-DRX on-duration timer.


Regarding Option 1-2-2, PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS. At the last meeting, some companies think that the difference between Option 1-2-2 and Case 2 (without C-DRX configuration) was that Option 1-2-2 had a DRX configuration, and some other behaviors and measurement requirements of UE, such as RRM measurement and RLM measurement, needed to be determined based on C-DRX configuration. In our view, if PDCCH is triggered by LP-WUS and some other behaviors is limited by C-DRX configuration, the timeline of PDCCH monitoring and some other behaviors is scattered, which is not conducive to UE power saving. Therefore, in our view, if Option 1-2-2 adapted, the C-DRX configuration is meaningless.


Figure 2: Diagram of Option 1-
· Option 1-3
For Option 3, power saving gain comes from reducing unnecessary PDCCH monitoring for XR traffic, if there is one-stream XR traffic with a non-changing frames per second (FPS) which can be matched by C-DRX cycle. Unnecessary PDCCH monitoring comes from two aspects.
· Aspect 1: Misalignment between packet arrival for non-changing FPS and the beginning of C-DRX cycle
· Aspect 2: Jitter of packet
For Aspect 1, at least for one-stream XR traffic, the non-integer C-DRX cycle can solve the misalignment issue.
For Aspect 2, LP-WUS may be beneficial.
Therefore, in C-DRX scenarios, UE MR PDCCH monitoring triggered by LP-WUS during on-duration timer/inactive timer can be supported.
Proposal 2: In C-DRX scenarios, UE MR PDCCH monitoring triggered by LP-WUS during on-duration timer/inactive timer can be supported.

1.2 Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration.
C-DRX free scenario is supported by current specification. The requirement of RRM and RLM in C-DRX free scenario had been specified in 38.133.
Example of RRM requirement of intra-frequency RRM measurement.
	Table 9.2.5.2-1: Measurement period for intra-frequency measurements without gaps (FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 9.2.5.2-2: Measurement period for intra-frequency measurements without gaps (FR2)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(400ms, ceil(Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement ) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified





The power saving gain of applying LP-WUS in scenarios without C-DRX configuration is very significant and the specification impact is relatively small. In our view, PDCCH monitoring triggered by LP-WUS without C-DRX configuration should be considered.
Proposal 3: PDCCH monitoring triggered by LP-WUS without C-DRX configuration should be considered.
In non C-DRX scenario, LP-WUS can be monitored at any time according to the LP-WUS monitoring configuration to trigger UE to monitor PDCCH. There are two schemes for LP-WUS indicating UE to enter into active time.
· Scheme 1: LP-WUS indicates that MR wakes up to monitor one or more consecutive PDCCH monitoring occasions.  
· Scheme 2: LP-WUS triggers MR to initiate an on-duration timer at any time.
Scheme 1 is shown in the following figure.


Figure 3: Diagram of Scheme 1
Scheme 2 is shown in the following figure.


Figure 4: Diagram of Scheme 2
Proposal 4: The following two schemes for LP-WUS indicating UE to enter into active time in Non-C-DRX scenario can be considered.
· LP-WUS indicates that MR wakes up to monitor one or more consecutive PDCCH monitoring occasions.  
· LP-WUS triggers MR to initiate an on-duration timer at any time.

Activation/deactivation of LP-WUS monitoring
In RAN1#116, the following agreement on activation/deactivation of LP-WUS monitoring had been achieved [4].
	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.


Regarding signaling of activation/deactivation of LP-WUS monitoring, the following schemes can be considered.
· Activation/deactivation of LP-WUS monitoring by gNB RRC signaling
· Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling, e.g., DCI or MAC CE.
· Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer
In our view, the activation and deactivation of LP-WUS listeners depends on the arrival of traffic. gNB can activate the LP-WUS monitoring when there is no traffic and deactivate the LP-WUS monitoring when traffic arrives. It may be not flexible enough to trigger activation/deactivation of LP-WUS monitoring by RRC signaling. Therefore, we prefer activation/deactivation of LP-WUS monitoring by gNB L1 signaling, e.g., DCI.
Proposal 5: Activation/deactivation of LP-WUS monitoring by gNB L1 signaling (e.g., DCI) can be considered.

LP-WUS Procedures to trigger PDCCH monitoring in CA case
· Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
For Option 1-1, LP-WUS is used to trigger the starting of the drx-onDurationTimer (similar as DCP functionality). In current specification, wake-up indication by DCI 2-6 is applied for all the serving cells. Therefore, for Option 1-1, wake-up indication by LP-WUS is applied for all the serving cells.
For Option 1-2 and Option 1-3, whether wake-up indication by LP-WUS is applied for all the serving cells or for a group of SCells for triggering PDCCH monitoring need to be considered.
Proposal 6: In  Case 1, whether wake-up indication by LP-WUS is applied for all the serving cells or for a group of SCells for triggering PDCCH monitoring need to be considered for Option 1-2 and Option 1-3.
· Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration.
In case 2, whether wake-up indication by LP-WUS is applied for all the serving cells or for a group of SCells for triggering PDCCH monitoring need to be considered. In our view, it is more flexible that wake-up indication by LP-WUS is per serving cell or per serving cell group (as shown in the following Figures).


Figure 5: One LP-WUS map to multiple serving cell. 


Figure 6: One LP-WUS map to one serving cell.
Proposal 7: In Case 2, whether wake-up indication by LP-WUS is applied for all the serving cells or for a group of SCells for triggering PDCCH monitoring need to be considered.

Conclusion
In summary, we have following proposals:
LP-WUS monitoring
Proposal 1: At least duty-cycled mode for LP-WUS monitoring can be supported.
LP-WUS mechanisms
Proposal 2: In C-DRX scenarios, UE MR PDCCH monitoring triggered by LP-WUS during on-duration timer/inactive timer can be considered.
Proposal 3: PDCCH monitoring triggered by LP-WUS without C-DRX configuration should be considered.
Proposal 4: The following two schemes for LP-WUS indicating UE to enter into active time in Non-C-DRX scenario can be considered.
· LP-WUS indicates that MR wakes up to monitor one or more consecutive PDCCH monitoring occasions.  
· LP-WUS triggers MR to initiate an on-duration timer at any time.
Activation and deactivation
Proposal 5: Activation/deactivation of LP-WUS monitoring by gNB L1 signaling, e.g., DCI can be considered.
LP-WUS mechanisms in CA case
Proposal 6: In  Case 1, whether wake-up indication by LP-WUS is applied for all the serving cells or for a group of SCells for triggering PDCCH monitoring need to be considered for Option 1-2 and Option 1-3.
Proposal 7: In Case 2, Whether wake-up indication by LP-WUS is applied for all the serving cells or for a group of SCells for triggering PDCCH monitoring need to be considered.
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