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1 Introduction
In last meeting, RAN2 discussed how the WUS works with C-DRX and when the UE wakes up to monitor the WUS. The following agreements have been reached [1]:

Agreements

=>
RAN2 will study the RAN2 impact of wake up signaling to C-DRX.
=>
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.

=>
If configured with WUS, UE should monitor for WUS occasions at a known offset before OnDuration C-DRX.  The offset is up to RAN1 discussion
In this paper, we further discuss the impact of PDCCH-based power saving signal/channel to the C-DRX.
2 Discussion
2.1 Possible UE’s behaviours 
During the RAN2 discussions, although the PDCCH-based signal/channel is called as WUS, RAN2 has not reached the consensus on the function of the WUS and the related UE behaviour with the WUS.
In last RAN1 meeting, the following agreement has been made [2].

· Power saving technique associated with C-DRX–

· Essential for UE function for the C-DRX

· Wakeup – 

· UE is indicated to transition from outside Active Time to Active Time

· UE is indicated to stay at Active Time

· Go to sleep– 

· UE is indicated to transition from Active Time to outside Active Time.

· UE is indicated to stay outside Active Time

· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.

From the agreement, it can be observed that even in RAN1, whether the PDCCH-based power saving signal/channel is used as Wakeup or Go-to-sleep has not been settled. 

In our understanding, there could be the following four options for the PDCCH-based power saving signal/channel.

· Option 1: The PDCCH-based PS signal/channel is transmitted with DTX, and the UE’s default behaviour if not received the PDCCH-based PS signal/channel is sleep in the OnDuration of the DRX cycle. 

·  For this option, at the occasion of a known Offset before the OnDuration of every #N (=1 or can be >1) DRX cycle(s), when the network wants the UE(s) to wake up for the upcoming OnDuration, the NW needs to send such PDCCH-based PS signal/channel to the UE(s). Otherwise, the NW does not need to send such PS signal/channel.
· Option 2: The PDCCH-based PS signal/channel is transmitted with DTX, and the UE’s default behaviour if not received the PDCCH-based PS signal/channel is wakeup in the OnDuration of the DRX cycle.
·  For this option, at the occasion of a known Offset before the OnDuration of every #N DRX cycle(s), when the network want the UE(s) to sleep for the upcoming OnDuration, the NW needs to send such PDCCH-based PS signal/channel to the UE(s). Otherwise, the NW does not need to send such PS signal/channel.
· Option 3: The PDCCH-based PS signal/channel is always transmitted with 0/1 to indicate sleep/wakeup respectively, and the UE’s default behaviour if not received the PDCCH-based PS signal/channel is sleep in the OnDuration of the DRX cycle.

·  For this option, at the occasion of a known Offset before the OnDuration of every #N DRX cycle(s), the NW anyway needs to send the PDCCH-based PS signal/channel to the UE. And the UE expects to receive such PS signal/channel at the pre-known occasion. If the UE didn’t receive such PS signal/channel, the UE shall sleep in the upcoming OnDuration.
· Option 4: The PDCCH-based PS signal/channel is always transmitted with 0/1 to indicate sleep/wakeup respectively, and the UE’s default behaviour if not received the PDCCH-based PS signal/channel is wakeup in the OnDuration of the DRX cycle.

·  For this option, at the occasion of a known Offset before the OnDuration of every #N DRX cycle(s), the NW anyway needs to send the PDCCH-based PS signal/channel to the UE. And the UE expects to receive such PS signal/channel at the pre-known occasion. If the UE didn’t receive such PS signal/channel, the UE shall wakeup in the upcoming OnDuration.

The main difference between the Option 1/3 and Option 2/4 is the UE behaviour if the UE does not receive the PDCCH-based PS signal/channel. For option 1/3, the consequence is the data transmission is delayed for one or more DRX cycles. For option 2/4, the consequence is the UE may waste power for one or more OnDuration. For the latter one, we think the power wasting can be alleviated somehow if the NW can send the DRX MAC CE to the UE to stop the OnDuration timer. However, for the former one, the NW has no way to wake up the UE until the next occasion when the UE will wake up to receive such PS power saving signal/channel. So, our preference is the UE keeps wakeup by default.

Proposal 1: No matter whether the PDCCH-based PS signal/channel is always transmitted with 0/1 or transmitted with DTX, the UE should keep wakeup by default if such PS signal/channel is not received at the pre-known occasion.   
As for whether choosing Option 2 or Option 4, it should be up to RAN1 to decide considering that it depends on the content of the DCI and whether the PDCCH-based PS signal/channel is UE-specific or group-specific.
Proposal 2: It is up to RAN1 to decide whether the PDCCH-based PS signal/channel should always be transmitted with 0/1 to indicate sleep/wakeup or transmitted with DTX.

2.2 Possible impact on DRX
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 OnDuration time. However, whether the UE needs to monitor PDCCH is controlled by the DRX procedure as specified in [3]. 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 PS 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 OnDuration. 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 OnDuration.
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 OnDuration is also possible. For example, the UE triggers the contention based random access procedure due to no dedicated SR resource. Before the OnDuration, 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 OnDuration. 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 3: If a PDCCH-based PS signal/channel indicating the UE to go to sleep is received before the OnDuration, the UE does not start the OnDuration timer, and stop the drx-Inactivitytimer if it is running.

Proposal 4: If a PDCCH-based PS signal/channel indicating the UE to go to sleep is received at the beginning of the OnDuration, the UE stop the drx-onDuraitonTimer, and stop the drx-Inactivitytimer if it is running.

Proposal 5: If a PDCCH-based PS 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 OnDuration is received but the UE sending SR during the OnDuration 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 6: Even if the UE received a PDCCH-based PS signal/channel indicating it to skip the OnDuration, 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 OnDuration while the time of Case 3) is overlapping with the OnDuration. 
Observation: It is not practical that the UE received the PDCCH-based PS signal/channel while the UE is waiting for the PDCCH scheduling after the RAR for contention free RA. 
3 Conclusion

In this paper we discuss the UE’s default behavior and the possible impact to DRX of PDCCH-based PS signal/channel. The proposals are listed as below.



   
Proposal 1: No matter whether the PDCCH-based PS signal/channel is always transmitted with 0/1 or transmitted with DTX, the UE should keep wakeup by default if such PS signal/channel is not received at the pre-known occasion.   

Proposal 2: It is up to RAN1 to decide whether the PDCCH-based PS signal/channel should always be transmitted with 0/1 to indicate sleep/wakeup or transmitted with DTX.

Proposal 3: If a PDCCH-based PS signal/channel indicating the UE to go to sleep is received before the OnDuration, the UE does not start the OnDuration timer, and stop the drx-Inactivitytimer if it is running.

Proposal 4: If a PDCCH-based PS signal/channel indicating the UE to go to sleep is received at the beginning of the OnDuration, the UE stop the drx-onDuraitonTimer, and stop the drx-Inactivitytimer if it is running.

Proposal 5: If a PDCCH-based PS 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 6: Even if the UE received a PDCCH-based PS signal/channel indicating it to skip the OnDuration, the UE should keep monitoring the PDCCH once it sends a SR.

Observation: It is not practical that the UE received the PDCCH-based PS signal/channel while the UE is waiting for the PDCCH scheduling after the RAR for contention free RA. 
A corresponding TP is provided in section 5.
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5 Text Proposal

----------------------------Start of the TP ----------------------------------
6.3
Higher layer procedures for the UE power saving schemes in RRC_CONNECTED

The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when needed) for the proposed power saving schemes in Section 5.   

The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with DRX and is only configured when DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies. The principles that should be followed for the DRX operation with the presence of the PDCCH-based power saving signal/channel include:

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

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

·   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.
·  Even if the UE received a PDCCH-based power saving signal/channel indicating it to skip the OnDuration, the UE should keep monitoring the PDCCH once it sends a SR.
When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
No matter whether the PDCCH-based power saving signal/channel is always transmitted with sleep/wakeup indication or transmitted with DTX, the UE shall keep wakeup by default if such PDCCH-based power saving signal/channel is not received at the pre-known occasion.
The higher layer procedure in support of DCI-based PDCCH monitoring skipping should be studied to achieve PDCCH monitoring/decoding reduction (Section 5.1.5). If enabled, it is assumed that DCI-based PDCCH monitoring skipping can be configured with or without DRX.
The concept of a timer-based uplink BWP switching mechanism, similar to the current mechanism used for the DL BWP, is not supported in Rel-16.

Power consumption gains can be achieved in CA configuration by reducing PDCCH monitoring in SCells.

UE assistance for DRX configuration should be studied.
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