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1 Introduction
In RAN2#105 meeting, RAN2 discussed the relationship between the power saving signal/channel and the DRX. The following agreements have been reached [1]:

Agreements

-
RAN1 can focus on the design on the signal/channel. From RAN2 perspective, the power saving signal/channel scheme is considered jointly with DRX. RAN2 assumes that the WUS scheme is linked/associated to DRX. RAN2 should study the impact to c-DRX. 

-
RAN2 assumes that RAN1 will downscope the solutions as soon as possible
One of the power saving signal/channel scheme is the adaptation to achieve reducing PDCCH monitoring/decoding, which include two options, i.e., the DCI based indication for PDCCH skipping and configuration of different PDCCH monitoring periodicities with dynamic signalling. 

In this paper, we to discuss the possible RAN2 impact of these two options .
2 Discussion
In last meeting, RAN2 has reach the consensus that the WUS scheme is linked/associated to C-DRX. However, there is no explicit conclusion on whether the GTS scheme is necessary to link/associate to the C-DRX. When a UE already waked up and is in active time in C-DRX, or when a UE is not configured with C-DRX, the legacy behaviour of UE is monitoring PDCCH occasions according to the configurations of search space sets. It would be possible that for a UE there is no scheduling during some time duration, and the power saving gain is expected if the DCI-based GTS signal indicates the UE to skip the PDCCH monitoring for the specified duration, e.g. 2ms/4ms/8ms, like a micro sleep. Hence, it is unnecessary to restrict this DCI-based GTS signal for PDCCH skipping only to C-DRX mechanism. This PDCCH skipping scheme can be used to reduce power consumption of PDCCH monitoring whenever the C-DRX is configured or not.
Proposal 1: Confirm that the DCI-based indication for PDCCH monitoring skipping is not necessarily linked/associated to the C-DRX.
According to the RAN1 evaluations, the power saving schemes for reducing PDCCH monitoring shows 5%-85% power saving gains. This gain is attractive for UE power saving, and we support to specify it in the WI.
Proposal 2: RAN2 agree to support the DCI-based PDCCH monitoring skipping scheme.
· Impact of DCI based indication for PDCCH skipping
The intention of introducing the DCI-based indication for PDCCH skipping is to indicate the UE to dynamically skipping some PDCCH monitoring. However, whether the UE needs to monitor PDCCH is controlled by the DRX procedure as specified in [2]. According to the DRX procedure, if the UE is in Active Time, the UE shall monitor the PDCCH. Then if the UE received the DCI indicating the UE to skip PDCCH monitoring while the UE is in Active time, which the UE should follow needs to be discussed. 
The function of the DCI based indication for PDCCH skipping is similar with DRX command MAC CE, which can also indicate the UE to skip the PDCCH monitoring. The DRX command MAC CE can just indicate the UE to stop the On duration timer and Inactivity timer. If the UE is still in active time due to other events as defined in section 5.7 of [2] after receiving the DRX command MAC CE, the UE should keep monitor the PDCCH. For the DCI-based indication for PDCCH skipping, this principle should be kept, i.e. the DCI-based indication for PDCCH skipping can only impact the On duration timer and Inactivity timer, but should be independent with other active time defined in section 5.7 of [2].
Proposal 3: If any one of the following events occurs, the UE should keep monitoring the PDCCH even it has received a DCI-based indication for PDCCH skipping:
·  drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer is running;

·  a scheduling request is sent on PUCCH and is pending;

·  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
There could be two cases for the DCI-based indication for PDCCH skipping
· Case 1: The DCI indicates the UE to skip the PDCCH monitoring until the next On duration;
·  Case 2: The DCI indicates the UE to skip the PDCCH monitoring for some specified time period, which is shorter than the remaining time of the On duration timer or Inactivity timer. 

For the Case 1, if the DCI-based indication for PDCCH skipping is received while the drx-onDurationTimer or the drx-InactivityTimer is running, it is clear that the UE can just stop the On duration timer and inactivity timer. 
For the Case 2, there could be two options:  

·  Option 1: MAC keeps the drx-onDurationTimer and the drx-InactivityTimer running, but the PHY layer stops the PDCCH monitoring for the specified time period.
·  Option 2: MAC stops the drx-onDurationTimer and the drx-InactivityTimer. After the specified time period, MAC needs to restart the timers and keep the PDCCH monitoring.
Option 1 has small impact on MAC, but it needs the PHY layer to determine whether any event in Proposal 1 is occurring if the DCI indication is received. Only none of those event is occurring, the PHY layer can stop the PDCCH monitoring. For Option 2, if the timers is restarted from its initial value, the active time is prolonged. However the NW can indicate the UE to stop these timers anytime by sending the DCI-based indication or the DRX command MAC CE. So Option 2 will not have negative impact on the UE power consumption. Considering option 2 is more align with the current DRX principle, we propose to go for it.
Proposal 4: If the UE receives the DCI which indicates the UE to skip the PDCCH monitoring for some specified time period shorter than the remaining time of the running on duration timer or Inactivity timer, the UE stops the drx-onDurationTimer and the drx-InactivityTimer, and restarts the corresponding timers after the specified time period ends.  
· Impact of dynamic selection of PDCCH monitoring periodicity
The intention of introducing the dynamic selection of PDCCH monitoring periodicity is to change the PDCCH monitoring periodicity more dynamically than RRC configuration. If the periodicity is larger, less power is consumed. Furthermore, dynamic selecting the PDCCH monitoring periodicity via DCI can allow the UE to fast adapt to the traffic changing.

To achieve the purpose of dynamic selecting PDCCH monitoring periodicity, there are two possible methods, which have different impact for RAN2.

·  The first method is to configure more search space sets, which are not activated immediately after they are configured. For example, the gNB can configure the UE with 6 search space sets, in which the first 3 search space sets are automatically activated after the configuration, and the last 3 search space sets are not. And the last 3 search space sets can be activated by the DCI-based power saving signal/channel later, while the first 3 search space sets are deactivated at the same time. In this method, the possible impact is to introduce an indicator, which is used to indicate whether the corresponding search space set is automatically activated after the configuration.

·  The second method is to configure a search space set with multiple monitoring periodicities. One of the periodicities are used as a default value after the configuration, and the DCI-based power saving signal/channel can indicate the switching among the different periodicities. In this method, the possible impact is to introduce more candidate monitoring periodicities within a search space set. In addition, clarification may be needed to determine which one periodicity is the first one to use.

Proposal 6: For the DCI-based power saving signal/channel indicating the dynamic selection of PDCCH monitoring periodicity, one of the following two enhancements are considered to be specified:
· Search space sets which is not activated automatically are introduced; or
· Multiple monitoring periodicities within a search space set are introduced.
3 Conclusion

In this paper we discuss the impact of DCI-based indication for PDCCH skipping and dynamic selection of PDCCH monitoring periodicity. The proposals are listed as below.



   
Proposal 1: Confirm that the DCI-based indication for PDCCH monitoring skipping is not necessarily linked/associated to the C-DRX.
Proposal 2: RAN2 agree to support the DCI-based PDCCH monitoring skipping scheme.

Proposal 3: If any one of the following events occurs, the UE should keep monitoring the PDCCH even it has received a DCI-based indication for PDCCH skipping:

·  drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer is running;

·  a scheduling request is sent on PUCCH and is pending;

·  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
Proposal 4: If the UE receives the DCI which indicates the UE to skip the PDCCH monitoring for some specified time period shorter than the remaining time of the running on duration timer or Inactivity timer, the UE stops the drx-onDurationTimer and the drx-InactivityTimer, and restarts the corresponding timers after the specified time period ends.  

Proposal 6: For the DCI-based power saving signal/channel indicating the dynamic selection of PDCCH monitoring periodicity, one of the following two enhancements are considered to be specified:
· search space sets which is not activated automatically are introduced; or
· multiple monitoring periodicities within a search space set are introduced.
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