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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#105bis meeting, agreements were achieved on PDCCH-based power saving signal/channel [1].
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. 
According to the agreements, it can be seen that wakeup signaling is linked to the C-DRX and is only configured when C-DRX is configured. In this document, we concentrate on studying the basic principles and impacts of wakeup signaling linking the C-DRX.
Discussion
The content of wakeup signaling
As captured in below RAN1#96bis agreements, a PDCCH-based WUS provides the flexibility to carry some payload on top of the simple indication “wake-up” / “sleep”:
	Agreements:
The DCI format(s) of the PDCCH-based power saving signal/channel is designed to provide: 
· Indication of one or more power saving associated operations.  
· Supporting configurability (e.g., 0, 1, 2, …bits, etc.), if needed, for one or more information fields in the DCI at least for one DCI format


 Thus, it is interesting to chick what can be carried in the PDCCH based WUS, that could further refine the WUS command. According to the agreements in RAN1#96bis meeting and the RAN2 contributions posted at RAN2#105bis, the following aspects are can be further discussed in RAN2 [2].
· SCell information [4]
· For instance, the serving cell ID(s) can be included in PDCCH based WUS which helps cross-carrier scheduling.
· BWP information [4]
· For instance, the target BWP ID can be included in the payload for BWP switch purpose.
· SRS/CSI report behaviour [4].
· DRX parameters [5][6]
From the above, we think there are benefits in supporting a WUS payload to leverage this signal/channel in a more efficient way rather than just the basic indication: “wake-up” or “sleep”. The information carried in the WUS can further improve the power saving by controlling the UE behavior more accurately. Then, it is proposed that:
[bookmark: _Toc7532893]Proposal 1: PDCCH-based power saving signal/channel carries additional information on top of the basic indication: “wake-up” or “sleep”.
From our perspective, a low hanging fruit simply consists in allowing differentiating WUS for different Serving Cells, so at least the SCell indexes the WUS applies to should be supported in the WUS payload.
[bookmark: _Toc7532894]Proposal 2: At least SCell index is included in the PDCCH based WUS payload.

PDCCH based WUS Impacts on MAC
The primary intention of introducing PDCCH based WUS is to indicate the UE whether to monitor the PDCCH occasions during the next DRX on duration.  
[bookmark: _Toc7528393]Observation 1: PDCCH based WUS is used to indicate whether the UE monitors the PDCCH during the next DRX on duration.
Keeping this in mind, we now need to assess other PDCCH based WUS impacts, if any, on MAC, and vice-versa.
DRX Related Timers
It is defined that when any of the timers, including drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer, is running, the MAC entity is in the DRX Active Time [3]. 
We first address the DRX related timers and ra-ContentionResolutionTimer will be discussed in RA procedure below.
It has been agreed in RAN2#105bis meeting that the WUS is configured at a known offset before the DRX on duration. Before the UE enters DRX on duration, it has already obtained the information whether to start drx-onDurationTimer or not. Then, it is reasonable that when the UE is indicated by the WUS not to monitor the PDCCH, the UE shall not start drx-onDurationTimer. 
[bookmark: _Toc7532895]Proposal 3: The UE shall not start drx-onDurationTimer when it is notified not to monitor the PDCCH by WUS.
For drx-InactivityTimer, it is started when the PDCCH indicates a new transmission for either DL or UL in order to remain in DRX Active Time in case there would be any consecutive scheduling afterward. 
Since the network is aware of the buffer status in both UL (from BSR) and DL, the network will send WUS to indicate the UE not to monitor the PDCCH, if it does not expect data to be transmitted/received in the next DRX onduration. Correpondingly, if the drx-InactivityTimer is running due to some previous DL assignment or UL grants when receiving the WUS, and the WUS indicates the UE not to monitor the PDCCH during the next DRX on duration, it seems consistent that the drx-InactivityTimer is stopped in this case since no further data is expected. And, of course, if WUS indicates the UE not to skip the next on duration, the drx-InactivityTimer keeps on running.
[bookmark: _Toc7532896]Proposal 4: drx-InactivityTimer is stopped, if running, upon receiving WUS indicating the UE not to monitor the PDCCH during the next DRX on duration.
DRX retransmission timers are used to allow the UE monitoring the PDCCH when potential re-transmissions are expected, short-term. On the other hand gNB sends WUS = wake-up or WUS = sleep only based on whether new data is expected to be scheduled during the next on duration, long term. In other words WUS should not take care of on-going re-transmissions already handled by the DRX retransmission timers. This means a UE may receive the WUS indicating the UE not to monitor the PDCCH during the next DRX on duration, while drx-RetransmissionTimerDL/UL is (are) running.
[bookmark: _Toc7528394]Observation 2: A UE may receive the WUS indicating the UE not to monitor the PDCCH during the next DRX on duration, while drx-RetransmissionTimerDL/UL is (are) running.
For drx-RetransmissionTimerDL, it is started when drx-HARQ-RTT-TimerDL expires and the UE unsuccessfully decodes the DL MAC PDU, which is illustrated in Figure 1. It means that when drx-RetransmissionTimerDL is running, the UE expects the network to retransmit the MAC PDU. In this case, if the drx-RetransmissionTimerDL is running when receiving the WUS, and the WUS indicates the UE not to monitor the PDCCH during the next DRX on duration, the UE should let the drx-RetransmissionTimerDL running and monitor the PDCCH for a retransmission until drx-RetransmissionTimerDL expires. Obviously, the UE should have the same behavior if the WUS indicates the UE not to skip the next DRX on duration.



Figure 1. [bookmark: _Ref7353441]drx-RetransmissionTimerDL running procedure
For drx-RetransmissionTimerUL, it is started when drx-HARQ-RTT-TimerUL expires as shown in Figure 2. Because the UL retransmission is asynchronous in NR, the UE has to monitor the PDCCH for a potential UL retransmission scheduling. Clearly, in this case, one could leverage WUS to indicate the UE that the UL transmission was correctly received (as a “ACK”) and so the UE should not expect a retransmission request from the gNB and stop drx-RetransmissionTimerUL right away. However, per observation 2, we think WUS indication should be completely independent of any on-going HARQ process which potential re-transmissions are well addressed by the DRX timers. So, similar to the DL, the drx-RetransmissionTimerUL should not be stopped, even though the WUS indicates the UE to skip the next on duration.


Figure 2. [bookmark: _Ref7354451]drx-RetransmissionTimerUL running procedure
[bookmark: _Toc7532897]Proposal 5: drx-RetransmissionTimerDL and drx-RetransmissionTimerUL are not impacted by PDCCH based WUS.
For drx-HARQ-RTT-TimerDL/UL, the same reasoning as above applies equally thus resulting in the same conclusion that drx-HARQ-RTT-TimerDL/UL should not be impacted by WUS.
[bookmark: _Toc7532898]Proposal 6: drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are not impacted by PDCCH based WUS.
SR Procedure
When an SR is sent and pending, the DRX state is considered to be active. And the UE waits for UL scheduling from the network. Hence the procedure should not be impacted by WUS. Then, it is proposed that:
[bookmark: _Toc7532899]Proposal 7: SR procedure during DRX is not impacted by WUS.
RA Procedure
For CFRA procedure, when RAR has been successfully received, there are scenarios, e.g. handover, DL data arrival and positioning where the network continues to schedule the UE. So, in these cases, it is not expected that the network will send WUS to indicate the UE not to monitor the PDCCH for the next DRX on duration. On the other hand, for scenarios like initial SCell timing alignment, there may be no subsequent DL data scheduling. So, it is possible that the UE is indicated not to monitor the PDCCH. In any case, we tend to involve minimum complexity for WUS procedure and recommend that CFRA is not impacted by WUS.
For CBRA procedure, the MAC entity keeps monitoring the PDCCH while ra-ContentionResolutionTimer is running even outside the on duration. It is not reasonable to stop the ra-ContentionResolutionTimer upon receiving WUS indicating to skip the next on duration, since it would abnormally stop the RA procedure and DL scheduling for Msg 4 may occur. Therefore, the WUS shall not enforce the termination of the ra-ContentionResolutionTimer.
In both CFRA and CBRA procedures, the UE will monitor the PDCCH scrambled by RA-RNTI for RAR reception while ra-ResponseWindow is running in all scenarios except for CFRA-BFR, in which case C-RNTI is used. It is not reasonable that the ra-ResponseWindow is stopped by PDCCH based WUS which will result in abnormal termination of RA procedure.
From the above discussion, it is proposed that:
[bookmark: _Toc7532900]Proposal 8: ra-ResponseWindow and ra-ContentionResolutionTimer are not stopped by WUS.
Conclusion
This contribution discusses the possible impacts on DRX and other MAC procedures brought by PDCCH based WUS. The resulting observation and proposals are as follows. We provide a corresponding TP in Section 5.
Observation 1: PDCCH based WUS is used to indicate whether the UE monitors the PDCCH during the next DRX on duration.

Observation 2: A UE may receive the WUS indicating the UE not to monitor the PDCCH during the next DRX on duration, while drx-RetransmissionTimerDL/UL is (are) running.

Proposal 1: PDCCH-based power saving signal/channel carries additional information on top of the basic indication: “wake-up” or “sleep”.

Proposal 2: At least SCell index is included in the PDCCH based WUS payload.

Proposal 3: The UE shall not start drx-onDurationTimer when it is notified not to monitor the PDCCH by WUS.

Proposal 4: drx-InactivityTimer is stopped, if running, upon receiving WUS indicating the UE not to monitor the PDCCH during the next DRX on duration.

Proposal 5: drx-RetransmissionTimerDL and drx-RetransmissionTimerUL are not impacted by PDCCH based WUS.

Proposal 6: drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are not impacted by PDCCH based WUS.

Proposal 7: SR procedure during DRX is not impacted by WUS.

Proposal 8: ra-ResponseWindow and ra-ContentionResolutionTimer are not stopped by WUS.
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[bookmark: _Ref7528978]Text Proposal to TR 38.840
[bookmark: _Toc3387278]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 higher layer procedure in support of the PDCCH-based power saving signal/channel scheme for wake-up purpose should be studied for its adaptation to DRX operation (Section 5.1.4). 
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. When the PDCCH-based power saving signal/channel for wake-up purpose indicates to skip PDCCH monitoring during the next drx-onDurationTimer, the MAC entity will not start the drx-onDurationTimer on its next occurrence and stops the drx-InactivityTimer, if running. Unlike for the previous timers, the PDCCH-based power saving signal/channel for wake-up purpose has no impact on the following DRX timers: drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-HARQ-RTT-TimerDL, and drx-HARQ-RTT-TimerUL. Similarly, the PDCCH-based power saving signal/channel for wake-up purpose has no impact on an on-going SR procedure, or on the Random Access procedure timers ra-ResponseWindow and ra-ContentionResolutionTimer.
The PDCCH-based power saving signal/channel for wake-up purpose may carry additional information on top of the basic indication to skip or monitor the PDCCH during the next drx-onDurationTimer, for example the SCell indexes of the selected SCells where the PDCCH-based power saving signal/channel for wake-up purpose applies.
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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