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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 DRX operation. In this paper, we discuss the impact of PDCCH-based power saving signal/channel to the C-DRX.
2 Discussion
PDCCH-only monitoring (i.e., the UE keeps monitoring the PDCCH but no PDSCH/PUSCH is scheduled for the UE) is a major part of power wasting when the UE is in RRC-Connected state. To reduce the power consumption on the PDCCH only monitoring, RAN1 has studied the benefit and feasibility to introduce the power saving signal/channel scheme. One of the scheme is the PDCCH-based power saving signal/channel triggering UE adaptation to DRX operation. This scheme is to configure the power saving signal/channel before or at the beginning of the DRX ON duration to trigger UE waking up only when there is DL data arrival. Otherwise, the UE can go to sleep until the ON duration of the next DRX cycle.
According to the RAN1 evaluations, the power saving gain of this scheme is in a range of 8%-50% comparing to the baseline with the agreed C-DRX reference configuration. This gain is attractive for UE power saving, and we support to specify it in the WI.
Proposal 1: RAN2 agree to support the PDCCH-based power saving signal/channel for wake up purpose before or at the beginning of the DRX ON duration to indicate whether the UE needs to wake up or not.
As for the details of the PDCCH-based power saving signal/channel for wake up purpose, it can be left to RAN1 to design. 

The intention of introducing the PDCCH-based power saving signal/channel for wake up purpose is to indicate whether the UE can skip the PDCCH monitoring during the On duration time. 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 PDCCH-based power saving signal/channel indicating the UE to go to sleep while the UE is in Active time, which the UE should follow needs to be discussed. 
The Active Time includes the following cases:

1)  drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer is running; 

2)  a scheduling request is sent on PUCCH and is pending;

3)  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 
Next, we will discuss the above cases one by one to see the impact of the PDCCH-based power saving signal/channel for wake up purpose.

· For Case 1)
If this PDCCH-based power saving signal/channel indicating the UE to not wake up is received before the drx-onDurationTimer, the UE does not need to start the drx-onDurationTimer. If this PDCCH-based power saving signal/channel indicating the UE to go to sleep is received at the beginning of the drx-onDurationTimer, the UE should stop the drx-onDurationTimer. 
It is possible that the drx-InactivityTimer is running while the UE received this PDCCH-based power saving signal/channel indicating the UE to skip the next On duration. In this case, the UE should stop the drx-InactivityTimer. 

If the drx-RetransmissionTimerDL or drx-RetransmissionTimerUL is running, it means that the PDCCH scheduling for retransmission may occurs, so in this case the NW has no motivation to indicate the UE to go to sleep by sending the PDCCH-based power saving signal/channel before or at the beginning of the DRX On duration.
The case that the contention resolution timer is running while the UE received the PDCCH-based power saving signal/channel before or at the beginning of the DRX On duration is also possible. For example, the UE triggers the contention based random access procedure due to no dedicated SR resource. Before the On duration, the contention resolution is running. At the same time, the NW noticed that there is no DL data available for this UE, and sends PDCCH-based power saving signal/channel to the UE to indicate the UE to skip the next On duration. If this happens, the UE should keep the contention resolution timer running and monitoring the PDCCH, otherwise it may result in the unsuccessful completion of the RA and the UE needs to re-initiate the next round of RA procedure.
Proposal 2: If a PDCCH-based power saving signal/channel indicating the UE to go to sleep is received before the On duration, the UE does not start the on duration timer, and stop the drx-Inactivitytimer if it is running.

Proposal 3: If a PDCCH-based power saving signal/channel indicating the UE to go to sleep is received at the beginning of the On duration, the UE stop the drx-onDuraitonTimer, and stop the drx-Inactivitytimer if it is running.

Proposal 4: If a PDCCH-based power saving signal/channel indicating the UE to go to sleep is received while the contention resolution timer is running, the UE should keep the contention resolution timer running and monitoring the PDCCH.
· For Case 2)
The SR is used by the UE to request the UL grant for the new arrival UL data. The NW has no idea when the new UL data will come to the UE’s MAC buffer, so the scenario that a PDCCH-based power saving signal/channel indicating the UE to skip the On duration is received but the UE sending SR during the On duration could happen. After sending the SR, if the UE follows the PDCCH-based indication, i.e. not monitoring the PDCCH, the UE has no idea whether the NW has received the SR during the sleep period. So if the SR prohibit timer expires, the UE shall retransmit the SR even though the NW has got the last SR already. The number of the redundant SR transmission would depends on the length of the sleep period and the prohibit timer. To avoid such issue and for simplicity, the UE should ignore the previous indication and keep monitoring the PDCCH once a scheduling request is sent on PUCCH and is pending.  
Proposal 5: Even if the UE received a PDCCH-based power saving signal/channel indicating it to skip the On duration, the UE should keep monitoring the PDCCH once it sends a SR.

· For Case 3)

The case 3 refers to the contention free RA procedure. The contention free RA procedure may be triggered by the NW, e.g. for DL data arrival or for handover. For both of these case, the NW needs to schedule the DL data to the UE after sending RAR to the UE. So in this case it is not possible that the NW sends PDCCH-based power saving signal/channel to indicate the UE to skip the On duration while the time of Case 3) is overlapping with the On duration.  
3 Conclusion

In this paper we discuss the impact of PDCCH-based power saving signal/channel for wake up purpose to the C-DRX. The proposals are listed as below.



   
Proposal 1: RAN2 agree to support the PDCCH-based power saving signal/channel for wake up purpose before or at the beginning of the DRX ON duration to indicate whether the UE needs to wake up or not.

Proposal 2: If a PDCCH-based power saving signal/channel indicating the UE to go to sleep is received before the On duration, the UE does not start the on duration timer, and stop the drx-Inactivitytimer if it is running.

Proposal 3: If a PDCCH-based power saving signal/channel indicating the UE to go to sleep is received at the beginning of the On duration, the UE stop the drx-onDuraitonTimer, and stop the drx-Inactivitytimer if it is running.

Proposal 4: If a PDCCH-based power saving signal/channel indicating the UE to go to sleep is received while the contention resolution timer is running, the UE should keep the contention resolution timer running and monitoring the PDCCH.

Proposal 5: Even if the UE received a PDCCH-based power saving signal/channel indicating it to skip the On duration, the UE should keep monitoring the PDCCH once it sends a SR.
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