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Introduction
In 3GPP RAN#91 plenary e-meeting, the updated WID RP-210862 [1] was approved as the outcome of the study item on supporting NR above 52.6GHz [2]. The WID is aimed to extend NR operation up to 71 GHz considering the operation in both licensed and unlicensed band.
[bookmark: _GoBack]The WID also indicates that RAN1 specify new SCS, 480 kHz and 960 kHz, for operation in this frequency range over 52.6GHz and RAN2 implement the design aspect related to the operation.
In this paper, we discuss the impact of higher SCS (i.e., 480 kHz and 960 kHz) on Layer 2 operation (especially for DRX operation) and provide some proposals for discussion.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
As RAN1 agree that 480, 960 kHz SCS are allowed for operation above 52GHz, it is obvious that there should be some timing related issues in Layer 2 operation due to the reduced slot length from higher SCS. Regarding DRX operation, there are a few timer values in DRX-config IE to indicate the timing of UE operation and some of them might need to be updated due to the reduced slot length. At the previous RAN2 115-e meeting, [3] triggered the discussion on the impact on DRX parameters and proposed to extend some of DRX parameters, but any discussion/decision was not made. Thus, in this paper, we figure out in detail whether each parameter in DRX-config is related to the numerology and needs to be updated. The below table summarizes the results. 

	Parameters
	Description
	Configurable range
	Impact of higher SCS with the reduced slot length

	drx-onDurationTimer
	The UE remains 'DRX Active' for a period defined by drx-onDurationTimer
	1/32 ~ 31/32 ms, 
1 ~ 1600ms
	- Slot length of 960kHz SCS is 1/64msec
- If we want to support a slot-level configuration even with 960kHz SCS, it needs to be updated to support low granularity (i.e., with the unit of 1/64ms).
- For now we can’t see any strong need for it
** Need no update

	drx-InactivityTimer
	The UE can become inactive after this timer expires.
	0 ~ 2560 ms
	** No impact

	drx-HARQ-RTT-TimerUL
	Timing of the return to 'DRX Active' relative to the end of the first repetition of the PUSCH transmission
	0~56 symbols
	- Symbol length of 960kHz SCS is 0.0011ms
- For 960kHz SCS, the maximum representable value is 0.0616ms
- The UE can enter to DRX Active state too early even before the gNB prepares HARQ ACK transmission due to too short timer values
** Need update (but optimization issue)

	drx-HARQ-RTT-TimerDL
	Timing of the return to 'DRX Active' relative to the HARQ NACK on PUCCH
	0~56 symbols
	- Similar as in drx-HARQ-RTT-TimerUL
** Need update (but optimization issue)

	drx-RetransmissionTimerDL
	The UE remain 'DRX Active' for a period of drx-RetransmissionTimerDL while waiting to receive the DL re-transmission
	0~320slots
	- For 960 kHz SCS, the maximum representable value is 8ms, which seems to be enough time for the gNB to schedule the retransmission on PDSCH within this.
** Need no update

	drx-RetransmissionTimerUL
	The UE remain 'DRX Active' for a period of drx-RetransmissionTimerUL while waiting to receive the UL re-transmission request
	0~320slots
	- Similar as in drx-RetransmissionTimerUL
** Need no update

	drx-LongCycleStartOffset
	The period of long DRX cycle (with DRX start offest)
	10 ~12040 ms
	- This parameter is used to set the DRX active timing in sub-frame level (i.e., ms level).
** No impact

	drx-ShortCycle
	The period of short DRX cycle
	2~640ms
	- This parameter is used to set the DRX active timing in sub-frame level (i.e., ms level).
** No impact

	drx-ShortCycleTimer
	The period of short DRX cycle is defined by drx-ShorCycle * drx-ShortCycleTimer
	1~16
	- This parameter is used to set the period of short DRX cycle in millisecond level.
** No impact

	drx-SlotOffset
	The start of the 'DRX Active' period relative to the start of the subframe which satisfies the triggering condition.
	0~31 (w/ unit of 1/32ms)
	- This parameter is used to set the exact start timing of 'DRX Active' period in slot-level within the subframe.
- Slot length of 960kHz SCS is 1/64msec
- If we want to support a slot-level configuration even with 960kHz SCS, it needs to be updated to support low granularity (i.e., with the unit of 1/64ms).
- For now we can’t see any strong need for it
** Need no update



As a result, among 10 parameters in DRX-config IE, 4 are classified as no impact from the numerology and other 4 seem to have some impact but no update is needed and the other 2 are found to need update for performance optimization. 
For drx-onDurationtimer and drx-SlotOffset, the minimum configurable values are 1/32 ms which is double of the slot length of 960 kHz SCS (i.e., 1/64ms). Thus this means that they need to be updated if we have to support single-slot level configuration even with 960 kHz SCS. However, for now we can’t find any strong need to support it and determine any update is not needed for them.
For drx-RetransmissionTimerDL/UL, the values are in number of slots and the maximum representable value will be reduced to 8 ms for 960 kHz SCS. However, the 8ms still seems to be enough time for the gNB to schedule the DL retransmission on PDSCH or UL retransmission request on PDCCH. Thus, they also seem to need no update for now.
For drx-HARQ-RTT-TimerDL/UL, the values are in number of symbols and the maximum representable value will be reduced to 0.0616ms for 960 kHz SCS. For drx-HARQ-RTT-TimerUL, it means the timing of the return to 'DRX Active' relative to the end of the PUSCH transmission. After the UE transmits UL data on PUSCH, it will start the timer and when it expires the UE will wake up to receive UL HARQ feedback expecting that the gNB have finished the UL packet processing and get ready to schedule HARQ feedback on PDCCH. Thus, the network should configure this parameter based on the processing capability of the gNB. However, the required processing time at the gNB is not expected to linearly decrease according to the reduced symbol duration with higher SCS, which means that the maximum representable value 0.0616 ms might not be enough for the gNB anymore. Thus, if the fields are not updated for higher SCS, the UE can enter to DRX active state too early due to the short timer values even before the gNB gets ready for the HARQ feedback transmission, which leads to the waste of energy at the UE side. This kind of problem occurs similarly in drx-HARQ-RTT-TimerDL.
However, even though we find the need to update drx-HARQ-RTT-TimerDL/UL, it seems to be not mandatory but optional for performance optimization. Moreover, the current ASN.1 code for DRX-config IE shows that there is no room to extend the fields or define new fields within DRX-config, which means that this issue can not be easily handled within a short time. Considering the remaining time budget and high priority issues, we would like to propose the following.
Proposal 1: RAN2 to keep the current DRX timer values for now, but it can be revisited for performance optimization after high priority issues are resolved.

Conclusion
[bookmark: OLE_LINK3]Based on the discussion above, we have the following proposals:
Proposal 1: RAN2 to keep the current DRX timer values for now, but it can be revisited for performance optimization after high priority issues are resolved.
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