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Introduction
At RAN2#97bis meeting, DRX was discussed and we made the following agreements:
Agreements
-	A MAC entity can be in one DRX state (i.e. single on/off time) at any given time.  FFS if multiple configurations are supported.
-	When MAC entity is awake it monitors “PDCCH” occasion 
-	In NR, a DRX configuration is described by at least the following configuration parameters: an on duration time, an inactivity time, a retransmission time, short DRX cycles, long DRX cycles
In RAN2 Ad-hoc meeting, DRX configuration was further discussed and the following agreements were achieved:
	Agreements
-   As a baseline, a single DRX configuration like in LTE will be supported.  
-   The DL and UL HARQ RTT timer are not static values.   FFS if the timer is removed or how it is set.


In this contribution, we will further discuss DRX timers. 
Discussion
Configuration of the DRX timers
In LTE, there are two categories of DRX associated timers. One is the MAC entity specific timer like:
· OnDuration Timer
· drx-Inactivity Timer
The other one is HARQ process specific timer like:
· UL and DL HARQ RTT timer
· UL and DL drx-Retransmission Timer
In addition, long and short DRX cycle can be configured to UE in LTE.
· OnDuration & drx-Inactivity Timer
In LTE, the OnDuration and Inactivity Timers are counted in PDCCH subframes. A straightforward idea is that their unit in NR could be “NR-PDCCH occasion”. However, it is likely that different numerologies have different NR-PDCCH patterns. In addition, it may take different numerologies different times to read the same number of NR-PDCCH occasions. This will result in confusion about the exact length of the Timer. To eliminate this ambiguity, there are two potential options that can be considered:
Option 1: The OnDuration/Inactivity Timer is a number of NR-PDCCH occasions of a reference numerology
Option 2: The OnDuration/Inactivity Timer determines the total NR-PDCCH occasions UE should monitor regardless of numerology
Option 3: The OnDuration/Inactivity Timer is configured as an absolute time.
For Option 1, the OnDuration/Inactivity Timer includes a configured number of NR-PDCCH occasions on the reference numerology, which should be one of the numerologies supported by the UE. In addition, UE needs to monitor all PDCCH occasions on any supported numerology while the timer is running, since NW should be able to schedule the UE on any of these numerologies.
For Option 2, the OnDuration/Inactivity Timer is configured as a number of NR-PDCCH occasions, which means that the UE monitors the total number of configured NR-PDCCHs (across all supported numerologies) during the timer. 
For Option 3, the OnDuration/Inactivity Timer is directly set to an absolute time. The UE should monitor the NR-PDCCH occasion on all supported numerology within the OnDuration/Inactivity Timer. 
The Fig.1 shows an example illustrating how the Option 1 and Option 2 work (assuming there are two supported numerologies and their respective NR-PDCCH occasions densities are different). 


Figure 1 – Example of OnDuration configuration/unit (Option 1 & Option 2)
As can be seen, there is no essential difference between Option 1 and Option 2. How to define and select the reference numerology may be an extra complexity introduced for Option 1. Compared with Option 1 and Option 2, the absolute length of the timer is not impacted by activation/de-activation of the numerology. This can avoid some unnecessary of re-configuration of these timers if the DRX pattern is not changed in case of numerology activation/de-activation occurs. In this light, Option 3 is a better choice.
Observation 1: For Option1 and Option 2, UE may be confused about the actual length of OnDuration/Inactivity Timer, if numerology activation/de-activation is supported.
Proposal 1: OnDuration or drx-Inactivity Timer should be configured as an absolute duration value to avoid any ambiguity about the absolute length of the timer.
· HARQ RTT Timer
During last RAN2 meeting, it is left to FFS if HARQ RTT is removed or not. The HARQ RTT is used to initiate the HARQ retransmission timer upon expiry. Without the HARQ RTT timer, we have to describe the DRX in a way like “the HARQ retransmission timer is started at the retransmission timing”. Furthermore, the “retransmission timing” is different from case to case (different value for different TDD/FDD configuration or different TTI/numerologies). So we need to define “retransmission timing” for different cases in the specification in a same way as what we define for RTT timer in LTE. Therefore, removing HARQ RTT timer does not reduce the standardization complexity.
Moreover, the Inactivity timer is only started as an initial transmission is received. Although the Inactivity timer is relatively long compared with the HARQ processing timing in NR, it still cannot guarantee that the UE is not sleeping on every “retransmission timing”. Considering the robustness, we need the RTT timer to start the HARQ retransmission timer.
In this light, we suggest keeping the UL and DL HARQ RTT timer in NR.
Proposal 2: UL and DL HARQ RTT timers are kept in NR.
The HARQ RTT timer is set according to the processing time between two adjacent HARQ transmissions of the TB for DL or processing time between NACK and corresponding HARQ retransmission for UL. In NR, all HARQ processing timings (K1-4) are dynamic and are explicitly provided in the DCI as it was decided in RAN1 AH NR#1[1]. Accordingly, we think the HARQ RTT timer should be set considering the HARQ processing timings included in DCI used to schedule the associated TB.
Proposal 3: HARQ RTT timer should be set considering the HARQ processing timings included in DCI used to schedule the associated TB.
· DL and UL drx-Retransmission Timer
The drx-Retransmission Timer is started by HARQ RTT timer. Basically, the HARQ processing timing for the transmissions of the same TB would not be changed. 
Proposal 4: The unit of drx-Retransmission Timer or drx-ULRetransmission Timer is the same as the HARQ timer which triggers the retransmission timer.
· long DRX cycle and short DRX cycle
The short DRX is appropriate for the service like VoIP or URLLC while long DRX is appropriate for the service like Internet Surfing. Basically, the short/long BSR cycle is related to the pattern of suitable service but not related to the TTI duration or NR-PDCCH monitoring pattern. So it is sufficient to use the same unit as LTE.
Proposal 5: The length of long/short DRX cycle is expressed in number of subframes as in LTE.
Conclusion
Observation 1: For Option1 and Option 2, UE may be confused about the actual length of OnDuration/Inactivity Timer, if numerology activation/de-activation is supported.
Proposal 1: OnDuration or drx-Inactivity Timer should be configured as an absolute duration value to avoid any ambiguity about the absolute length of the timer.
Proposal 2: UL and DL HARQ RTT timers are kept in NR.
Proposal 3: HARQ RTT timer should be set considering the HARQ processing timings included in DCI used to schedule the associated TB.
Proposal 4: The unit of drx-Retransmission Timer or drx-ULRetransmission Timer is the same as the HARQ timer which triggers the retransmission timer.
Proposal 5: The length of long/short DRX cycle is expressed in number of subframes as in LTE.
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