Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting #105 
R2-1900251
Athen, Greece, 25th February – 1st March 2019
Agenda Item:
11.2.1.2

Source:
OPPO
Title:
DRX operation for NR-U
Document for:
Discussion, Decision

1 Introduction

In the WID RP-182878, regarding DRX, it says:

-
Potential enhancements to DRX considering channel access uncertainty.

In this contribution, we give our views on the possible enhancements on DRX.
2 Discussion
2.1 Current DRX operation
DRX Active Time:

DRX is configured for controlling the UE’s PDCCH monitoring behaviour. It’s configured per MAC entity and when it’s configured, MAC entity may monitor the PDCCH discontinuously based on the DRX operation. Otherwise, the MAC entity shall monitor the PDCCH continuously.

During DRX Active Time, the UE is required to monitor PDCCH. When a DRX cycle is configured, the Active Time includes the time while (TS 38.321):
· drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or
· a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or
· 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 (as described in subclause 5.1.4).
Observation 1 During DRX active time, the UE is required to monitor PDCCH. 
DRX cycle:

Depending on DRX configuration, there are short DRX cycle and long DRX cycle. Different DRX cycle has different drx-onDurationTimer starting pointing.

1>
if the Short DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or

1>
if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:

2>
start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
When UE starts drx-onDurationTimer, it starts monitoring PDCCH and if it detects PDCCH scheduling new transmission, the drx-InactivityTimer starts which extends the DRX Active Time. One illustration with DRX short cycle 5ms can be shown in the following figure:
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Observation 2 UE maintains DRX cycle to periodically start monitoring PDCCH. 

2.2 Possible impacts of channel uncertainty
For unlicensed operation, the channel is uncertainty due to LBT impacts. In other words, gNB needs to perform LBT before transmission to UE. It’s not guaranteed that the channel is always available when gNB is scheduling UE.

When the DRX is configured, UE only starts to monitor PDCCH based on the DRX cycle. In this case, it means gNB has to occupy the channel base on the DRX cycle if it wants to schedule UE. In other words, it’s not worthwhile for the gNB to occupy the channel when UE is not in Active Time, since the UE is not supposed to monitor PDCCHs. Somehow, the DRX cycle restricts the channel access opportunities, which only during the Active Time. Of course, gNB can configure very short DRX cycle with longer “drx-onDurationTimer”, however, it cause power consumption from the UE side.
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Observation 3 gNB needs to occupy the channel base on the DRX cycle if it wants to schedule UE, which somehow limits the channel access opportunities.
From another perspective, UE starts to monitor PDCCH following the DRX cycle. If the gNB has not occupied the channel, UE still needs to “wake-up” to monitor the PDCCH for at least period of “drx-onDurationTimer”, which is actually not necessary.
Observation 4 If the gNB has not occupied the channel, UE still needs to “wake-up” to monitor the PDCCH for at least period of “drx-onDurationTimer”, which is actually not necessary.
Currently, UE can be configured with two different DRX cycles, one is long DRX cycle with relative large period and the other is short DRX cycle with short period. If short DRX cycle is configured, the UE can be switched to long DRX cycle based on the configured short cycle timer or indication from the network, i.e., Long DRX Command MAC CE. 

One possible enhancement is that the DRX cycle can be switched based on the LBT outcome. UE could be configured with a short DRX cycle with very short drx-onDurationTimer, which is used to monitor PDCCH or other indication from the network side. Once the UE is informed that the channel is occupied, the UE can be indicated to go to long DRX cycle for monitoring PDCCH.
Proposal 1 The short DRX cycle and the long DRX cycle can be switched between each other based on the outcome of LBT. 
Another impact is that, when gNB has occupied the channel, it’s not allowed to continuously transmit on the unlicensed carrier for a period exceeding so called maximum channel occupancy time (MCOT). The MCOT has already specified in LAA, which is depending on the channel access priority, as an example shown below:
Table 15.1.1-1: Channel Access Priority Class
	Channel Access Priority Class (
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	1
	1
	3
	7
	2 ms
	{3,7}

	2
	1
	7
	15
	3 ms
	{7,15}

	3
	3
	15
	63
	8 or 10 ms
	{15,31,63}

	4
	7
	15
	1023
	8 or 10 ms
	{15,31,63,127,255,511,1023}


For example, for channel access priority class 4, the MCOT could be either 8ms or 10ms.

Observation 5 gNB is not allowed to continuously transmit on the unlicensed carrier for a period exceeding MCOT.
Based on this observation, we think the current Active Time can be enhancement to considering the MCOT. If the UE is aware of the MCOT, it means gNB has something needs to be transmitted to the UE, so UE is supposed to monitor PDCCH. However, outside of the MCOT, the UE would go to DRX off state since anyway it’s not sure the gNB can occupy the channel again.

As an example shown below, the DRX active time is larger than the MCOT. During the MCOT, since the gNB is transmitting to the UE, so the UE needs to monitor PDCCH according to configuration. When the UE is outside of the MCOT, actually, it’s not sure whether gNB can occupy the channel or not, it’s beneficial to let UE go to sleep during this period.
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Proposal 2 DRX Active Time can be adapted based on the MCOT. 
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
During DRX active time, the UE is required to monitor PDCCH.
Observation 2
UE maintains DRX cycle to periodically start monitoring PDCCH.
Observation 3
gNB needs to occupy the channel base on the DRX cycle if it wants to schedule UE, which somehow limits the channel access opportunities.
Observation 4
If the gNB has not occupied the channel, UE still needs to “wake-up” to monitor the PDCCH for at least period of “drx-onDurationTimer”, which is actually not necessary.
Observation 5
gNB is not allowed to continuously transmit on the unlicensed carrier for a period exceeding MCOT.
Proposal 1
The short DRX cycle and the long DRX cycle can be switched between each other based on the outcome of LBT.
Proposal 2
DRX Active Time can be adapted based on the MCOT.
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