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1.
Introduction
In the WID for further NB-IoT enhancement [1], it was proposed to study power consumption reduction for physical channel and RAN1 made agreements to consider the wake-up (WU) signalling as one of the candidates for power saving.

	RAN1 Agreements in RAN1#89
· A physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s) is introduced, at least for idle mode paging. Candidates for the signal/channel are:
· Wake-up signal or DTX
· Go-to-sleep signal or DTX

· Wake-up signal with no DTX

· Downlink control information

· FFS whether synchronization to the camped-on cell is assumed for detecting/decoding WUS/GTS, depending on the (e)DRX cycle length

· Design details are FFS
· Connected mode DRX is FFS


However, for power saving, RAN1 made some progress on WU signalling in idle mode but the connected DRX is FFS.

In this contribution, we discuss whether there is a gain by introducing WU signalling to the connected mode DRX from RAN2 point of view.
2.
Discussion 
The main features of WU signalling are as follows,
· If eNB does not have pending data in the buffer, eNB would not send WU signalling to the UE. Accordingly, the UE goes to sleep until next DRX Cycle.

· If eNB has pending data in the buffer, eNB would send WU signalling to the UE to indicate that eNB will schedule the data to the UE in the next DRX Cycle.

According to TS 36.321, the intended behaviour, i.e., not to monitor onDuration if there will be no scheduling, is already possible. When the UE receives a DRX Command MAC CE, the UE goes to sleep immediately because the UE should stop onDurationTimer and drx-InactivityTimer.
Observation 1. By receiving a DRX Command MAC CE, the UE stops further monitoring of PDCCH during the remaining onDuration and can be put into sleep mode immediately.
	TS 36.321 V14.3.0 - 5.7 Discontinuous Reception (DRX)
When DRX is configured, the MAC entity shall for each subframe:

[…omit…]
-
if a DRX Command MAC control element or a Long DRX Command MAC control element is received:

-
stop onDurationTimer;

-
stop drx-InactivityTimer.
-
[…omit…]


In another way, the eNB can configure the UE with very short onDurationTimer. If there is no scheduling during onDuration, the UE may awake only for a very short period of onDuration time. If there is scheduling during onDuration, the UE will start drx-InactivityTimer and extend Active Time. With this approach, similar gain would be expected as WU signalling scheme. 

Observation 2. With short onDuration, similar power saving gain would be expected as WU signalling scheme.
Once the UE is in RRC_CONNECTED mode, it would be reasonable that there is on-going traffic even though the UE is using DRX. Therefore, it wouldn’t make sense to assume that most of onDuration is wasted without any scheduling. However, in WU signalling scheme, if there is a scheduling during onDuration, additional power consumption is expected because the UE has to monitor both of WU signalling and PDCCH scheduling. As WU signalling is also repeated transmission in NB-IoT, the penalty might not be small. In other words, the WU signalling scheme is only beneficial when there will be no scheduling during onDuration but we are not sure how many onDurations will be wasted without scheduling. 
Observation 3. If there is scheduling during onDuration, WU signalling scheme adds more power consumption.
In addition, if the WU signalling may be lost, the UE will skip monitoring the PDCCH but the eNB schedules the UE. Therefore, there is a risk that the UE miss all the necessary scheduling after missing the WU signalling. Given that the DRX cycle for NB-IoT would be quite long, losing one onDuration wouldn’t be acceptable.
Observation 4. If WU signalling is lost, the UE will miss actual scheduling in onDuration and needs to wait until the next onDuration. 
With above observations, we don’t see any big gain of WU signalling while the cost would be not acceptable from power saving and scheduling opportunity point of view. Therefore,
Proposal. In NB-IoT, WU signalling scheme is not supported in DRX operation.
3.
Conclusion
Based on the above discussion, we make the following observations and proposal,

Observation 1. By receiving a DRX Command MAC CE, the UE stops further monitoring of PDCCH during the remaining onDuration and can be put into sleep mode immediately.
Observation 2. With short onDuration, similar power saving gain would be expected as WU signalling scheme.
Observation 3. If there is scheduling during onDuration, WU signalling scheme adds more power consumption.
Observation 4. If WU signalling is lost, the UE will miss actual scheduling in onDuration and needs to wait until the next onDuration. 
Proposal. In NB-IoT, WU signalling scheme is not supported in DRX operation.
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