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1. Introduction

This paper will discuss the time unit and value range of DRX parameters.
2.
Discussion
In the latest RAN2 NR meeting, RAN2 made the following agreements on NR C-DRX:
1. As a baseline, a single DRX configuration like in LTE will be supported.  

2. The DL and UL HARQ RTT timer are not static values. FFS if the timer is removed or how it is set.
RAN1 has discussed the slot unit, which of length is configurable depending on numerologies. The slot can have PDCCH. Therefore, considering the slot concept, RAN2 needs to discuss the time unit and value range of DRX parameters. 

1) onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer
In LTE, these timers have the time unit of PDCCH subframe. PDCCH subframe means the subframe including PDCCH. The PDCCH subframe is considered as an opportunity that UE can monitor DL assignment or UL grant. Even the slot discussed in RAN1 can have the PDCCH. We call it PDCCH slot preliminarily. Since the PDCCH slot can be also regarded as such an opportunity, it can be used for the time unit of the above DRX timers in NR.
The value ranges of these timers can be also defined while replacing PDCCH subframe by PDCCH slot, e.g. "psf200" is replaced by two hundreds PDCCH slots. In LTE, the value ranges of onDurationTimer and drx-RetransmissionTimer were extended once due to supporting Rel-13 eMTC. At least, in NR phase 1, the extended values can be excluded.
2) long DRX and short DRX
In LTE, the length of long DRX and short DRX is configured in subframe. The length of slot is shorter than that of subframe typically. It is questionable if it is really beneficial with very short value of DRX because the modem couldn't tune off with very short cycle. We would like to stick to current time unit, i.e. subframe.
In the latest RAN2 NR meeting, RAN2 made a consensus that 

the maximum value of long DRX cycle in connected mode can be as long as NR SFN can provide. The possible value ranges are FFS.
We also assume that it can increase up to the length of a SFN cycle. There is no reason to limit the value up to 2.56 sec.
3) DL/UL HARQ RTT timer
Regarding the time unit of these timers, we prefer to adopt the slot unit.

According to the above agreement, at least, The DL and UL HARQ RTT timer are not static values. 

In UE power saving aspect, it is not preferable to totally remove these timers. We assume some configurable values for the length of the HARQ RTT timer. If the configurable value is agreeable, we need to discuss a value range, e.g. for NR FDD, max value is 8 subframes. For NR TDD, we can also have similar rule as in LTE TDD. FFS for details.
We summarize the LTE cases and our suggestions with the following table.
	 
	time unit and value range in LTE
	time unit for NR C-DRX
	value range for NR C-DRX

	onDurationTimer
	time unit: PDCCH subframe 

value range: psf1, psf2, psf3, psf4, psf5, psf6, psf8, psf10, psf20, psf30, psf40, psf50, psf60, psf80, psf100, psf200

Extended value range:

psf300, psf400, psf500, psf600, psf800, psf1000, psf1200, psf1600
	PDCCH slot
	 As a baseline, the value range can be defined while replacing PDCCH subframe by PDCCH slot. 

	drx-InactivityTimer
	time unit: PDCCH subframe

value range: 

psf1, psf2, psf3, psf4, psf5, psf6,psf8, psf10, psf20, psf30, psf40, psf50, psf60, psf80, psf100, psf200, psf300, psf500, psf750, psf1280, psf1920, psf2560, psf0
	same above
	same above

	drx-RetransmissionTimer
	time unit: PDCCH subframe

value range: 

psf1, psf2, psf4, psf6, psf8, psf16, psf24, psf33

Extended value range:
psf0, psf40, psf64, psf80, psf96, psf112, psf128, psf160, psf320
	same above
	same above

	long DRX and short DRX
	time unit: subframe

value range for long DRX:

sf10, sf20, sf32, sf40, sf64, sf80, sf128, sf160, sf256, sf320, sf512, sf640, sf1024, sf1280, sf2048, sf2560

value range for short DRX:

sf2, sf5, sf8, sf10, sf16, sf20, sf32, sf40, sf64, sf80, sf128, sf160, sf256, sf320, sf512, sf640

extended value range for long DRX:

sf60, sf70
	subframe as in LTE
	long DRX can increase up to the length of a SFN cycle, but not up to 2.56 sec.

	DL/UL HARQ RTT timer
	FDD: 8 subframes

TDD: k + 4 subframes, 

k is the interval between the downlink transmission and the transmission of associated HARQ feedback
	slot
	FFS for detailed value range. at least, it is not preferable to remove these timers


Proposal 1: For onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer, the time unit is the slot having PDCCH, and the value range can be derived while replacing PDCCH subframe by the PDCCH slot.

Proposal 2: For long DRX and short DRX, the time unit is subframe as in LTE, and the value range of long DRX is up to a SFN cycle.

Proposal 3: DL/UL HARQ RTT timer is kept also in NR, and has configurable value in slot unit.
Another issue is how to apply a single DRX configuration to different numerologies. For example, in CA scenario, a single DRX configuration is provided for multiple serving cells. Since each serving cell can have different numerology in NR, the length of the slot applied to each serving cell would be different as well. In that case, a question is what the DRX configuration means. The following options can be considered:

Option 1: The DRX configuration is based on PCell numerology or
Option 2: The DRX configuration is based on the numerology of the serving cell with the longest slot length.
Proposal 4: RAN2 to discuss how to apply a single DRX configuration especially in CA scenario.
3. Conclusion
It is proposed that
Proposal 1: For onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer, the time unit is a slot having PDCCH, and the value range can be derived while replacing PDCCH subframe by the PDCCH slot.

Proposal 2: For long DRX and short DRX, the time unit is subframe as in LTE, and the value range of long DRX is up to a SFN cycle.

Proposal 3: DL/UL HARQ RTT timer is kept in NR, and has configurable value in slot unit.

Proposal 4: RAN2 to discuss how to apply a single DRX configuration especially in CA scenario.
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