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Discussion and Decision
1 Introduction
R19 WI for Low-power Wake-up Signal and Receiver for NR was agreed in RAN#102, and the WI objective on procedure for LP-WUS in RRC_CONNECTED state is copied below:
	· 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 RAN1#116bis, RAN1 made the following agreements on the candidate solutions to be studied for the LP-WUS procedures to trigger PDCCH monitoring. 
	· RAN2#125bis agreements

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




This contribution provides our views on the candidate solutions studied in RAN1 from the following two aspects:

· The impact on RAN2 CDRX mechanism;

· The performance analysis.
2 Discussion

Impact on CDRX mechanism
According to RAN1 agreements, only case 1 is supported, which means the LP-WUS monitoring in RRC_CONNECTED state works with CDRX operation together. 
	· 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
· 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


Proposal 1: LP-WUS function in RRC_CONNECTED always works with CDRX function together.

For case 1, we first illustrate our understanding on each option under case 1 below in Figure-1, and the impact on CDRX is summarized in Table-1.
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Figure-1. Illustration of candidate solutions
Table-1. Description of candidate solutions and impact on legacy DRX
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· Option 1-1: LP-WUS can replace DCP. The function is similar as DCP
The impact on CDRX mechanism is also similar as DCP. 
UE only start PDCCH monitoring in DRX onduration based on the detection of the corresponding LP-WUS. 
Proposal 2: For Option 1-1, the impact on CDRX is similar as DCP. 
· Option 1-2: LP-WUS is monitored outside of DRX active time, and the LP-WUS triggered PDCCH monitoring is also outside of the legacy active time controlled by CDRX configuration.
In CDRX mechanism, when UE monitoring the UE specific PDCCH, we will call that time period as DRX active time. And during the DRX active time, UE will apply the legacy CDRX mechanism, i.e. start inactivity timer upon receiving the DCI for new transmission scheduling, or start the HARQ RTT Timer/retransmission timer based on the data transmission. 

Therefore, in this option, we can clarify that the LP-WUS can trigger UE enter DRX active time for PDCCH monitoring. And UE will start a new timer (e.g. new WU timer) to control the maximum time UE monitors the UE specific PDCCH.
Proposal 3: For Option 1-2, the impact on CDRX is to introduce a new DRX active time which is triggered by LP-WUS, with the duration controlled by a new timer. 
For the two sub-options, in option 1-2-1, there is no additional impact on CDRX; but in option 1-2-2, since UE doesnot monitor PDCCH according to legacy DRX onduration, therefore, in Option 1-2-2, UE will disable the PDCCH monitoring during the DRX onduration. 
Proposal 4: For Option 1-2-2, the impact on CDRX is to disable PDCCH monitoring during the period controlled by legacy DRX onduration-Timer.
· Option 1-3: UE monitors LP-WUS during legacy DRX active time, and LP-WUS triggered PDCCH monitoring is also within the legacy DRX active time.
For this usage of LP-WUS during DRX active time, it should be applied together with PDCCH skipping mechanism. 

In CDRX mechanism, during DRX active time, UE is always assumed to monitor PDCCH from MAC perspective. NW may use PDCCH skipping DCI to request UE skip PDCCH monitoring for some time, but it’s invisible to MAC. Following the same logic, the LP-WUS triggered PDCCH monitoring after PDCCH skipping during the legacy DRX active time should be also invisible to MAC. 
Therefore, Option 1-3 is proposed to be invisible to MAC spec and there is no impact no CDRX. It should be only specified in RAN1. 

Proposal 5: Option 1-3 is only invisible to MAC and has no impact on CDRX.   

Performance analysis
There are two purposes to support LP-WUS triggered PDCCH monitoring in RRC_CONNECTED:
· Purpose 1: Latency reduction due to downlink data arrival
Upon DL data arrival, NW can wake up UE to monitor PDCCH using LP-WUS when UE is out of DRX active time. 
From latency reduction perspective, the short LP-WUS/CDRX cycle is expected to reduce the latency.
· Purpose 2: UE power saving
From UE power perspective, UE is not expected to wake up for PDCCH monitoring if NW doesnot intend to schedule UE for data transmission. 
Following is the comparison between Option 1-1 and Option 1-2 from the latency and power perspective. 
· Latency
From DL scheduling latency perspective, assuming the LP-WUS configuration is same, upon DL data arrival in NW side, the latency is same between the data arrival time and the 1st LP-WUS occasion, as shown in the example in Figure-2. 
Observation 1: With the same LP-WUS configuration, both Option 1-1 and Option 1-2 can achieve the same latency performance.
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Figure-2. Example of DL data arrival with same LP-WUS configuration
· UE power 

From UE power consumption perspective, the UE power consumption includes two parts: PDCCH monitoring and RRM measurement. 
· UE power consumption on PDCCH monitoring
In Option 1-1, UE wakes up and monitors PDCCH during DRX onduration triggered by LP-WUS.

In Option 1-2, UE wakes up and monitors PDCCH during new DRX active time triggered by LP-WUS. 
In the example in Figure-2, in both options, UE only wakes up and monitors PDCCH within the wakeup occasion in the red cycle, and the power consumption on PDCCH monitoring is same.
Observation 2: With the same LP-WUS configuration, both Option 1-1 and Option 1-2 have the same UE power consumption on PDCCH monitoring.
· UE power consumption on RRM measurement

Currently, RAN4 RRM measurement requirement is defined based on the CDRX cycle. We can assume the measurement cycle is same as the CDRX cycle.
In Option 1-1, the LP-WUS cycle is same as CDRX cycle, and in Option 1-2, the CDRX cycle can be longer than LP-WUS cycle. 

If we stick to current CDRX cycle for measurement cycle based RAN4 measurement requirement, Option 1-1 takes more UE power consumption on RRM measurement than Option 1-2.  
But if we can explicitly introduce the measurement cycle which is set to the same value as the CDRX cycle used in Option 1-2, as shown in Figure-3, the measurement occasions actually are some between two Options, and UE power consumption on RRM measurement is same.

Observation 3: With the same measurement cycle applicable for RRM measurement, both Option 1-1 and Option 1-2 have the same UE power consumption on RRM measurement.
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Figure-3. Same measurement occasions (measurement cycle in Option 1-1 = CDRX cycle in Option1-2)
Proposal 6: Introduce the measurement cycle in Option 1-1, which is N times of CDRX cycle, to define the RRM measurement requirement . 
3 Conclusion
According to the analysis in section 2, we propose that:
<Impact on CDRX>

Proposal 1: LP-WUS function in RRC_CONNECTED always works with CDRX function together.

Proposal 2: For Option 1-1, the impact on CDRX is similar as DCP. 

Proposal 3: For Option 1-2, the impact on CDRX is to introduce a new DRX active time which is triggered by LP-WUS, with the duration controlled by a new timer. 
Proposal 4: For Option 1-2-2, the impact on CDRX is to disable PDCCH monitoring during the period controlled by legacy DRX onduration-Timer.

Proposal 5: Option 1-3 is only invisible to MAC and has no impact on CDRX.   

<Performance analysis>

Observation 1: With the same LP-WUS configuration, both Option 1-1 and Option 1-2 can achieve the same latency performance.

Observation 2: With the same LP-WUS configuration, both Option 1-1 and Option 1-2 have the same UE power consumption on PDCCH monitoring.

Observation 3: With the same measurement cycle applicable for RRM measurement, both Option 1-1 and Option 1-2 have the same UE power consumption on RRM measurement.
Proposal 6: Introduce the measurement cycle in Option 1-1, which is N times of CDRX cycle, to define the RRM measurement requirement . 
