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1. Introduction

In RAN2#105bis, RAN2 studied RAN2 impact with PDCCH-based power saving signals/channel, and made the following agreements on Wake-up signal:

1.
RAN2 will study the RAN2 impact of wake up signaling to C-DRX.  

2.
Wakeup signaling is linked to C-DRX and is only configured when C-DRX is configured.  If the WUS is not configured legacy operations apply. 

3.
If configured with WUS, UE should monitor for WUS occasions at a known offset before on duration C-DRX.  The offset is up to RAN1 discussion.
This contribution will discuss the expected gain with Wake-up signalling, and suggest RAN2 way-forward.
2.
Discussion
2.1
Concept of Wake-up signal
Wake-up signal (WUS) can be transmitted before onDuration in order to indicate whether to monitor PDCCH in the coming onDuration. There are two options for the indication.

Option 1: If UE receives WUS on the WUS occasion, UE has to monitor PDCCH in the coming onDuration (see figure 1). Even though gNB sends WUS, if UE has not received it successfully, UE will also miss its PDCCH.
Option 2: If UE receives no WUS on the WUS occasion, UE has to monitor PDCCH in the coming onDuration. In order to avoid missing PDCCH, WUS may be sent frequently in especially infrequent scheduling.
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Figure 1 Wake-up signal operation

2.2
Analysis of Benefit
RAN2 carefully needs to identify the additional benefit WUS bringing on top of C-DRX. 

The shortest period for onDuration is 1/32 ms, which means that UE could go to sleep just after checking one symbol already in the current C-DRX. 

drx-onDurationTimer                 CHOICE {

                                            subMilliSeconds INTEGER (1..31),

                                            milliSeconds    ENUMERATED {

                                                ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60,

                                                ms80, ms100, ms200, ms300, ms400, ms500, ms600, ms800, ms1000, ms1200,

                                                ms1600, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 }

                                            },

The power saving w.r.t. PDCCH monitoring may come from different dimensions.

1) by decreasing the length of PDCCH monitoring

2) by decreasing the number of blind decoding

3) by decreasing the bandwidth of PDCCH 

4) by decreasing the power consumption for signal reception

If we define WUS as the PDCCH transmitted in advanced to onDuration, the benefit of it is irrespective of 2nd point and 3rd point. As RAN2 has agreed to use PDCCH-based signal for WUS, the 4th point is also irrelevant. Then the main motivation of WUS seems the first one i.e. checking the WUS (which is shorter) before starting onDuration (which is longer). However, as seen above, onDuration could be as short as WUS. 

Observation 1: Then length of onDuration could be as short as WUS.

Observation 2: PDCCH based WUS is not different from short onDuration in terms of the length of PDCCH monitoring.

For connected mode UE configured with C-DRX, following activities are linked with DRX cycle.

1: PDCCH monitoring (during onDuration…)

2: CSI reporting (if CSI reporting is collocated with Active Time)

3: CSI-RS reception and evaluation for SCell (for CSI reporting)

4: CSI-RS reception and evaluation for SpCell (for RLM and CSI reporting)

5: intra-frequency SSB processing for neighbor cell measurement (for intra-f RRM)

6: inter-frequency SSB processing for neighbor cell measurement (for inter-f RRM)

Even though not explicitly specified, the assumption is that UE performs activity 3 ~ 6 in advance to onDuration. The question is then what desirable behavior is when WUS is configured.  

When WUS is on, all the activities shall be performed. On the other hand, when WUS is off, CSI reporting can be skipped because CSI reporting is performed for DL scheduling. However, even if WUS is off, RLM/RRM shouldn’t be skipped in order to maintain the link sound. 

Observation 3: If PDCCH monitoring and CSI reporting are skipped according to WUS but all the other activities are performed, the power saving gain from WUS will be trivial. 
As we see DRX operation, UE needs a Warming-up time before onDuration, e.g. to prepare the UE components such as CPU, modem, RF and so on. The Warming-up time depends on the type of the UE terminal, and typically 20 ~ 50 ms (see figure 2). The Warming-up operation resulting in UE power consumption is also required for WUS. 
Observation 4: Warming-up operation resulting in power consumption are still required to receive WUS.
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Figure 2 UE power consumption for actual active time

From the observations above, it is identified that Wake-up signal provides only additional complexity but without significant gain.
Proposal 1: RAN2 to confirm that WUS option provides less gain on UE power saving.

Since the final decision on whether to support WUS is up to RAN1, RAN2 needs to send LS to inform about less benefit of WUS.

Proposal 2: RAN2 sends a LS to RAN1 to informing of RAN2 understanding on the benefit of WUS.

3. Conclusion
Observation 1: Then length of onDuration could be as short as WUS.

Observation 2: PDCCH based WUS is not different from short onDuration in terms of the length of PDCCH monitoring.

Observation 3: If PDCCH monitoring and CSI reporting are skipped according to WUS but all the other activities are performed, the power saving gain from WUS will be trivial. 
Observation 4: Warming-up operation resulting in power consumption are still required to receive WUS.

From the observation above, it is suggested that 
Proposal 1: RAN2 to confirm that WUS option provides less gain on UE power saving.

Proposal 2: RAN2 sends a LS to RAN1 to informing of RAN2 understanding on the benefit of WUS.
R2-1907850 is a draft LS to RAN1. 
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