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1.	Introduction
In RAN#84, Power saving WID [1] was agreed. According to the objectives of the Power saving work item, RAN2 will need to specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer.
In this contribution, we will discuss considerations before specifying WUS and present our view.
2.	Discussion 
2.1	UE behavior on case of no WUS/missing WUS
In the last meeting, RAN2 agreed that the WUS signaling is used to indicate to the UE to wake-up to monitor PDCCH as below.
Agreement 
1.	From RAN2 perspective, the WUS signalling is used to indicate to the UE to wake up to monitor the onDuration.  Apart from the onDuration, there are no DRX procedure impacts.
2.	FFS on UE behaviour when WUS collides with any event part of legacy active time (e.g. DRX Inactivity timer).  This will be discussed in the WI phase. 
3.	Details of WUS design is left to RAN1

However, RAN2 did not determine the UE behaviour for cases not receiving WUS, i.e. network does not transmit WUS (case of no WUS) or network transmits WUS but UE misses it (case of missing WUS).
In both cases, the UE cannot distinguish whether the WUS is missed or the network did not transmit it. So, the UE will have the same behaviour.
There are two options for the UE behavior in case of no WUS and missing WUS as below,
- Option 1. UE skips PDCCH monitoring on the next onDuration
- Option 2. UE performs PDCCH monitoring on the next onDuration
In Option 1, the UE does not monitor PDCCH on next onDuration if WUS is not received. With Option 1, this leads to miss scheduling opportunity when WUS is missed. For example, if the network has transmitted WUS to schedule DL data, but it is missed by the UE, the UE does not monitor PDCCH on next onDuration, and this may result in missing scheduling opportunity of DL data. We think the data scheduling is more important than power consumption reduction. Therefore, the WUS should not be designed to be harmful to the data scheduling.
Observation 1. If the UE skips PDCCH monitoring on next onDuration when WUS is not received, it can be harmful to the data scheduling in case of missing WUS.

In Option 2, the UE monitors PDCCH if WUS is not received. With Option 2, since the UE monitors PDCCH in both cases, i.e. no WUS and missing WUS, the UE does not miss the data scheduling opportunity. By performing PDCCH monitoring, the UE loses opportunity for power saving, but we think this is not more important than missing data scheduling.
Proposal 1. UE performs PDCCH monitoring when WUS is not received, e.g. no WUS and missing WUS.

2.2	WUS and Active Time
Since WUS is considered as a signalling/channel based on PDCCH, UE should monitor PDCCH to receive WUS. Thus, there may be a discussion whether to include the time to monitor WUS, i.e. WUS occasion, in Active time or not.
According to the current MAC specification [2], MAC entity decodes all of RNTIs when UE monitors PDCCH.
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].

And, Active Time is defined as below,
When a DRX cycle is configured, the Active Time includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in clause 5.1.5) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4); or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clause 5.1.4).

In other words, the MAC entity should decode all of RNTIs related to scheduling during Active Time. However, regarding WUS, RAN2 agreed "Apart from the onDuration, there are no DRX procedure impacts". Thus, only WUS signalling is expected on WUS occasion and the UE does not need to monitor PDCCH for scheduling, i.e. the UE needs to monitor only WUS on WUS occasion and does not need to monitor PDCCH for other RNTIs related to scheduling. Therefore, we think WUS occasion is not needed to be included in Active Time.
There was similar discussion on RAR window. The UE monitors PDCCH while ra-ResponseWindow is running, but monitors only the specific PDCCH indicated/identified by C-RNTI/RA-RNTI. Therefore, RAR window is not included in Active Time.
Therefore, the time to monitor specific signalling, i.e. WUS occasion to monitor WUS signalling, does not need to be included in Active Time.
Proposal 2. WUS occasion is not included in Active Time.

The purpose of WUS is to avoid unnecessary PDCCH monitoring by skipping onDuration. Then, there may be a question whether a UE should keep monitoring WUS during Active Time. 
Network requests PDCCH monitoring on the next onDuration to the UE via WUS when DL/UL scheduling is required for the UE. Thus, if UE is in Active Time when network has DL/UL scheduling for the UE, it is not needed to use WUS to trigger the UE to monitor PDCCH. Since the UE always monitors PDCCH during Active Time, network transmits DL/UL scheduling and UE uses legacy DRX mechanism. Therefore, WUS monitoring is not needed during Active Time.



Figure 1. Example of WUS and Active Time
However, if Active Time is expired between WUS occasion and onDuration, scheduling opportunity may be missed. But even in this case, network knows when Active Time is expired and whether to need scheduling on next onDuration. If scheduling is required for the UE on the next onDuration, network sends scheduling to extend Active Time. If not, Active Time is expired and UE enters in non-Active Time. Therefore, there is no problem even if UE does not monitor WUS.
Proposal 3. During Active Time, UE does not monitor WUS and uses the current DRX mechanism.

3.	Conclusion
In this contribution, we present our view on consideration before specifying WUS, and make observation and proposals as follows,
Observation 1. If WUS indicates PDCCH monitoring on next onDuration, it can be harmful to the data scheduling in case WUS is missed.

Proposal 1. UE performs PDCCH monitoring when WUS is not received, e.g. no WUS and missing WUS.
Proposal 2. WUS occasion is not included in Active Time.
Proposal 3. During Active Time, UE does not monitor WUS and uses the current DRX mechanism.
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