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1.
Introduction

In the last meeting, RAN2 discussed the PDCCH-based power saving signal/channel, and made agreements as below,
Agreements

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. 

In this contribution, we discuss possible impacts of WUS on RAN2 procedure and present our view.
2.
Discussion 
2.1
Indication of WUS
There are two options that WUS indicates whether to start onDuration or not as below,

- Option 1. WUS indicates PDCCH monitoring on next onDuration
- Option 2. WUS indicates PDCCH skipping on next onDuration
In Option 1, the UE monitors PDCCH on next onDuration if the WUS is received, but does not monitor PDCCH on next onDuration if WUS is not received. With Option 1, in case WUS is not received, it is ambiguous whether the WUS is missed or the network did not transmit it. 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.

In Option 2, the UE does not monitor PDCCH on next onDuration if WUS is received, but monitors PDCCH if WUS is not received. With Option 2, since the UE monitors PDCCH in case WUS is missed or not received, the UE does not miss the data scheduling opportunity. By missing WUS, the UE performs PDCCH monitoring and loses opportunity for power saving, but we think this is not more important than missing data scheduling.
Observation 1. If WUS indicates PDCCH monitoring on next onDuration, it can be harmful to the data scheduling in case WUS is missed.
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Figure 1. Example of the number of the transmitted WUS 
In addition, the frequency of WUS transmission can be different depending on options and it can be considered that the option with less number of WUS transmission is more efficient.
The UE is in RRC_CONNECTED when UL/DL scheduling occurs frequently, and if there is no more scheduling for the UE, the network will make the UE to go to RRC_IDLE or RRC_INACTIVE. With this assumption, as shown in Figure 1, Option 1 requires frequent WUS transmission as much as the number of scheduling, but less number of WUS transmission is required in Option 2. Therefore, it seems more beneficial that WUS indicates onDuration skipping in RRC_CONNECTED.

Observation 2. Since the UE in RRC_CONNECTED receives frequent UL/DL scheduling, if the WUS indicates PDCCH monitoring on next onDuration, it requires frequent WUS transmission.
Proposal 1. WUS indicates onDuration skipping in RRC_CONNECTED.

With Proposal 1, the UE does not start drx-onDurationTimer when the WUS is received, and the UE starts drx-onDurationTimer when the WUS is not received.
Proposal 2. If the WUS is received, the UE does not start drx-onDurationTimer associated with the received WUS.

2.2
UE-specific vs Group-common
If WUS is introduced to enhance power saving, it is needed to discuss how to signal WUS to the UE, i.e. UE-specific WUS or Group-common WUS. The simple and easy way is the UE-specific WUS using dedicated resource to each UE. Meanwhile, it can be also possible to consider group-common WUS to reduce resource overhead. However, as DRX is UE-specific configuration, it sounds like a contradiction that WUS related to onDuration is signaled as group-common.
In addition, in group-common WUS, one group includes multiple UEs and each UEs in the group monitor the same WUS occasion. And, since onDuration for all UEs in the same group may not be aligned, the offset between WUS and onDuration should be different to align WUS occasion. In this case, the UE having largest offset is likely to experience a delay in data scheduling. For example, if the received WUS indicates the UE to sleep on the next onDuration but DL data for the UE occurs between WUS and onDuration, the DL data cannot be scheduled until the next DRX cycle, and the larger offset will make the situation worse.
Therefore, it is reasonable to consider simpler UE-specific WUS than group-common WUS.

Proposal 3. WUS is UE-specific.

3.
Conclusion
In this contribution, we present our view on WUS linked to DRX, and make observations and proposals as following,
Observation 1. If WUS indicates PDCCH monitoring on next onDuration, it can be harmful to the data scheduling in case WUS is missed.
Observation 2. Since the UE in RRC_CONNECTED receives frequent UL/DL scheduling, if the WUS indicates PDCCH monitoring on next onDuration, it requires frequent WUS transmission.

Proposal 1. WUS indicates onDuration skipping in RRC_CONNECTED.

Proposal 2. If the WUS is received, the UE does not start drx-onDurationTimer associated with the received WUS.

Proposal 3. WUS is UE-specific.
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