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1. Introduction
Based on the agreements of DRX in last RAN2 meetings, issues on DRX timer, DRX timer start condition, and whether RTT timer is needed are discussed in this contribution.
Agreements:
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.   
2. Discussion
In LTE, DRX timers are configured as PDCCH subframe, including OnDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer, and drx-ULRetransmissionTimer. Configuring these timers as PDCCH sub-frame number makes equal schedule opportunities in different DRX cycle. In NR, this principle could be followed, but take following differences into account:
· In NR, a UE can be configured with multiple numerologies. Different numerology has different symbol length and slot length configuration.

DRX timers can be categorized into 2 classes:
Class 1: Traffic pattern related, including longDRX-CycleStartOffset and shortDRX-Cycle, drxShortCycleTimer, ondurationTimer and drx-InactivityTimer.

Although ondurationTimer and drx-InactivityTimer can be configured as PDCCH occasion numbers like in LTE (PDCCH subframes), it is better to configures theses timers as numerology independent. If these are configured as PDCCH occasion numbers, the actual time length UE monitors PDCCH is affected by the configuration of PDCCH monitoring occasions and slot duration of the numerology. In other words, to achieve same onduration/inactivity time duration and align the onduration on different numerologies, different values are needed for different numerology/TTI duration. This increases complexity and unnecessary.
Proposal 1: The long and short DRX cycle, ondurationTimer and drx-inactivityTimer are configured with numerology independent time unit, e.g. slot number of reference numerology.

Class 2: HARQ operation related timers, including DL and UL RTT Timer, drx-RetransmissionTimer/ drx-ULRetransmissionTimer.

DL and UL retransmission timer provides scheduling chance for HARQ retransmission. Because the schedule chances depend on PDCCH occasion, these 2 timers can be configured as PDCCH occasion numbers. In this way, the scheduling chances for retransmission are the same among different DRX cycles and different numerologies, i.e. only one value is needed to be configured for HARQ operating on any numerology/TTI duration.
Proposal 2: DL and UL retransmission timer are configured as PDCCH monitoring occasion numbers of the numerology/TTI duration which triggers retransmission.

In previous meetings, there was proposal to remove RTT timer for DRX operation. The reason is that network can process the UL transmission very fast. Thus the RTT time is too short to be meaningful. 
However, we prefer that network can decide whether RTT Timer is configured according to its processing capability. Further, there exists transportation delay between remote radio unit (RRU) and base band unit (BBU). This delay could be as large as hundreds of micro seconds. Then it is not ignorable.
Proposal 3: The RTT timer is configurable.


In LTE, RTT timer is started when:
· For DL HARQ process, RTT timer is start from the subframe when the PDCCH indicates a DL assignment or if a DL assignment is configured for this subframe. 
· For UL asynchronous HARQ process, RTT timer is started from in the subframe containing the last repetition of the corresponding PUSCH transmission.
In NR, there are differences compared to LTE which impact the start of RTT timer.
· The timing between DL transmission and DL ACK/NACK is configurable.
· For both UL/DL dynamic scheduling and SPS transmission, K repetition is supported.
Considering RTT Timer is the time before a retransmission is expected by MAC entity of UE side, we should change the start condition according to above differences.

Although to start DL RTT timer when UE transmit ACK/NACK for the corresponding DL transmission can remove the uncertainty of this factor, it is simpler to follow the start condition of DL RTT timer in LTE. If gNB configure the RTT timer length according to its processing capability and transportation delay, it can take the time gap between DL transmission and corresponding ACK/NACK into account into the RTT timer value. And it is reasonable to assume this time gap is small enough.
If DL RTT timer is not configured, UE start DL retransmission timer instead. Because the gap between DL transmission and corresponding ACK/NACK is small enough, to ignore this gap is also not a problem.
Proposal 4: For a DL HARQ, RTT Timer or DL retransmission timer (if RTT Timer is not configured) is started from the TTI contains the last repetition of PDSCH transmission of that HARQ process.

For UL, the RTT Timer or UL retransmission Timer (if RTT Timer is not configured) is started for a HARQ process from the TTI contains the last repetition of PUSCH transmission. This is same as in LTE.
Proposal 5: For a UL HARQ process, RTT Timer or UL retransmission timer (if RTT Timer is not configured) is started from the TTI contains the last repetition of PUSCH transmission.

For drx-InactivityTimer, it is stated or restated from the subframe when PDCCH indicates a new transmission (UL, DL, or SL). Although in NR K repetition is introduced for both uplink and downlink transmission, the LTE approach can be reused for NR because a new transmission grant/assignment indicating there is possibly more new data to be transmitted.
Proposal 6: UE starts or restart drx-InactivityTimer when it receives a PDCCH indicating a new transmission.
3. Conclusion
RAN2 is kindly asked to discuss and adopt the proposals as follow:

Proposal 1: The long and short DRX cycle, ondurationTimer and drx-inactivityTimer are configured with numerology independent time unit, e.g. slot number of reference numerology.
Proposal 2: DL and UL retransmission timer are configured as PDCCH monitoring occasion numbers.
Proposal 3: The RTT timer is configurable.
Proposal 4: For a DL HARQ, RTT Timer or DL retransmission timer (if RTT Timer is not configured) is started from the TTI contains the last repetition of PDSCH transmission of that HARQ process.
Proposal 5: For a UL HARQ process, RTT Timer or UL retransmission timer (if RTT Timer is not configured) is started from the TTI contains the last repetition of PUSCH transmission.
Proposal 6: UE starts or restart drx-InactivityTimer when it receives a PDCCH indicating a new transmission.
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