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1. Introduction

In RAN1#98bis meeting, some agreements about PDCCH-based power saving signals/channel had been made as below [1]: 
	Agreements:

If a DCI format 3_0 outside Active Time is not detected by a UE, “UE wakeup or not” is configured by the higher layer signalling to address this case

· The default is “not wake up”

Agreements:

· The PDCCH-based power saving signal/channel can be configured for long DRX for a UE
· (Working assumption) If there is also short DRX cycle configured for the UE, the PDCCH-based power saving signal/channel is not applicable for the short DRX cycle
Agreements:

UE starts monitoring the PDCCH with CRC scrambled by PS-RNTI at the configured PS_offset before the start of DRX ON until the end of the configured range of monitoring.   

· The “PS_offset” is a new higher layer parameter  

· (Working assumption) the range of monitoring is derived based on existing parameters, e.g., duration and  monitoringSymbolsWithinSlot, in SearchSpace IE without any change 

· Note: the value of “range” is smaller than that of PS_offset, e.g., to ensure UE with sufficient time for preparing for PDCCH monitoring at the DRX ON

Search space is configured for the indication of monitoring DCI with CRC scrambled by PS-RNTI.

· Reuse the existing search space configuration with all or subset of parameters, e.g., the periodicity and the offset

· FFS: The restriction in the  supported periodicity, the aggregation level and the number of blind decoding for the new DCI with CRC scrambled by PS-RNTI




Besides, an LS [2] is sent from RAN1 about the RRC parameters for power saving. According to the RAN1 defined RRC parameters and above agreements, in this contribution, we discuss RAN2 left issues and RRC parameters for PDCCH-WUS.
2. Discussion
1.1. Misdetection of PDCCH-WUS
For misdetection issues of PDCCH-WUS, RAN2 had discussed in several meetings. In group based/UE specific PDCCH-WUS configuration, misdetection is mainly caused by poor link quality or collision with other events, e.g. 10^-3 BLER for PDCCH-WUS. In RAN1#98bis meeting, RAN1 had agreed that if a PDCCH-WUS outside Active Time is not detected by a UE, “UE wakeup or not” is configured by the higher layer signalling to address this case and the default is “not wake up”. That is to say, an indicator for "UE wakeup or not" should be configured by RRC signaling. UE behaviors are totally controlled by network configuration. If there is no such network configuration, there is no need for the UE to wake up by default. Hence, no other RAN2 mechanism is needed for misdetection issues.
Proposal 1: According to RAN1 agreement, an indicator for "UE wakeup or not" in the case of mis-detecting PDCCH-WUS is configured by RRC signaling and no other RAN2 mechanism is needed for misdetection issue. If this indicator is absent, the default UE behavior is “not wake up”.
Furthermore, some collision issues between PDCCH-WUS and other events are discussed by RAN1. From our understanding, these cases can be further discussed and concluded by RAN1 and no impacts on RAN2 are foreseen.  
1.2. Short DRX cycle
In RAN2#107bis meeting, RAN2 agreed that "from RAN2 perspective, it is desirable to support WUS for both short and long DRX and it can be configurable by the network. However, RAN2 will follow the final RAN1 decision". Meanwhile, RAN1's working assumption was "if there is also short DRX cycle configured for the UE, the PDCCH-based power saving signal/channel is not applicable for the short DRX cycle".
From our view, RAN1's conclusion is acceptable for Rel-16, i.e. PDCCH-WUS is not applicable for short DRX cycle. But we need to further clarify that RAN1's conclusion includes the following two points:

Point 1: Only PDCCH-WUS before onDuration timer of long DRX cycle is supported and configured;

Point 2: PDCCH-WUS before onDuration timer of long DRX cycle is also used to control onDuration timer activation/deactivation of short DRX cycle in the same long DRX cycle. The illustration figure is shown in following:
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Figure 1 PDCCH-WUS impact on Short DRX cycle

Proposal 2: RAN2 confirms that PDCCH-WUS only exists before onDuration timer of long DRX cycle and such PDCCH-WUS can be also used to control onDuration timer activation/deactivation of short DRX cycle in the same long DRX cycle.
1.3. WUS impact upon BWP switching

According RAN1 agreements, WUS is configured per BWP. That is to say, the configuration of WUS may be different in each BWP. What is more, there are two configuration scenarios. 

· In the first scenario, one BWP configures the WUS but another BWP does not configure the WUS. For example, a wide-bandwidth BWP used for large amount data transmission may not configure WUS but the default/first initial BWP may configure WUS for power saving when the UE is in a state of sparse service arrival. 

· In the second scenario, different BWPs may have different parameters configured for the WUS, which is simply illustrated by Figure 2. In Figure 2, UE gets the indication of WUS on the source BWP and also gets the indication of WUS of the target BWP (after BWP switching). Therefore, the monitoring behavior of UE for the corresponding drx-onDuration should be specified in details.
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Figure 2 Configurations of WUS are different in two BWPs
In our view, the purpose of WUS is that network indicates the UE whether to wake up or sleep by sending a PDCCH-based WUS signal. Currently, there is only one MAC entity during even for multiple BWP. The WUS is configured to control the DRX behavior in this MAC entity. Thus, the WUS can impact the DRX behavior even during BWP switching. In this way, the latest intention of the network is the most important concern. If the configurations of WUS are different in two BWPs, the UE should follow the latest WUS upon BWP switching for activation/deactivation of the next drx-onDuration.
Proposal 3: If WUS is configured in both source BWP and target BWP during BWP switching, the UE follows the latest WUS for activation/deactivation of the next drx-onDuration.
There is another special case here that the latest WUS occasion does not exist. Giving two examples, the first one is the WUS occasions of the source BWP and the target BWP are both missed and the second one is that one BWP does not have a WUS configuration and another BWP's WUS occasion is missed (e.g. the MO of WUS located in the BWP switching gap). The general description is illustrated as follows. In Figure 3, the left part represents the first example and the right part represents the second example.
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Figure 3: The case of no WUS occasion
From our understanding, these cases only influence one drx-onDuration activation/deactivation. If BWP is configured in target BWP, the UE should follow the configured indication of whether to start associated drx-onDuration in case WUS is configured but not detected in this DRX cycle, i.e. ps-WakeupOrNot. Otherwise, if BWP is not configured in target BWP, the UE should follow legacy DRX behaviors, i.e. always start drx-onDuration.
Proposal 4: If WUS is configured in the target BWP and no any WUS is detected in this DRX cycle before and after BWP switching, the UE should follow the configured indication, i.e. ps-WakeupOrNot, to decide whether to start drx-onDuration or not.
Proposal 5: If WUS is not configured in the target BWP, the UE should follow legacy DRX behaviors after BWP switching, i.e. always start drx-onDuration.

1.4. RRC Parameters

According to RAN1's agreements, PS_offset is a new higher layer parameter, where UE starts monitoring the PDCCH with CRC scrambled by PS-RNTI at the configured PS_offset before the start of DRX onDuration timer. PS_offset is strongly related to DRX onDuration timer. In current RRC specification, DRX configuration is per MAC entity. Hence, from the perspective of homology and flexibility, it is better to configure PS_offset per MAC entity. Furthermore, PS_RNTI should be also considered as whether it is configured per UE or per MAC entity. If PS_RNTI is also configured per MAC entity, these power saving related parameters can be packaged together. 
According to RAN1 agreements, there is a configured indication of whether to start associated drx-onDuration in case WUS is configured but not detected, i.e. ps-WakeupOrNot. This indication can be configured per UE or per MAC entity.

Proposal 6: The following parameters can be configured per MAC entity:

- PS_offset;

- PS_RNTI;

- ps-WakeupOrNot (indication of whether to start associated drx-onDuration in case WUS is configured but not detected).
If the parameters of power saving are all agreed to be configured per MAC entity, they can be in one IE, e.g. PS-Config, which is included in the IE of DRX-Config or parallel to DRX-Config, i.e. in the IE of  MAC-CellGroupConfig. Furthermore, the presence/absence of the new PS IE, e.g. PS-Config, can be implicitly used to enable/disable power saving function.

Proposal 7: All higher layer parameters of power saving can be in one IE, e.g. PS-Config, which is included in the IE of DRX-Config or parallel to DRX-Config, i.e. in the IE of MAC-CellGroupConfig.
Proposal 8: The presence/absence of the new PS IE, e.g. PS-Config, can be implicitly used to enable/disable power saving function.

3. Conclusion

In this contribution, we discuss RAN2 left issues and RRC parameters for PDCCH-WUS. Based on the discussion, we have the following proposals:
Proposal 1: According to RAN1 agreement, an indicator for "UE wakeup or not" in the case of mis-detecting PDCCH-WUS is configured by RRC signaling and no other RAN2 mechanism is needed for misdetection issue. If this indicator is absent, the default UE behavior is “not wake up”.
Proposal 2: RAN2 confirms that PDCCH-WUS only exists before onDuration timer of long DRX cycle and such PDCCH-WUS can be also used to control onDuration timer activation/deactivation of short DRX cycle in the same long DRX cycle.

Proposal 3: If WUS is configured in both source BWP and target BWP during BWP switching, the UE follows the latest WUS for activation/deactivation of the next drx-onDuration.
Proposal 4: If WUS is configured in the target BWP and no any WUS is detected in this DRX cycle before and after BWP switching, the UE should follow the configured indication, i.e. ps-WakeupOrNot, to decide whether to start drx-onDuration or not.
Proposal 5: If WUS is not configured in the target BWP, the UE should follow legacy DRX behaviors after BWP switching, i.e. always start drx-onDuration.

Proposal 6: The following parameters can be configured per MAC entity:

- PS_offset;

- PS_RNTI;

- ps-WakeupOrNot (indication of whether to start associated drx-onDuration in case WUS is configured but not detected).
Proposal 7: All higher layer parameters of power saving can be in one IE, e.g. PS-Config, which is included in the IE of DRX-Config or parallel to DRX-Config, i.e. in the IE of MAC-CellGroupConfig.
Proposal 8: The presence/absence of the new PS IE, e.g. PS-Config, can be implicitly used to enable/disable power saving function.
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