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[bookmark: _Ref490127969]Introduction
During RAN2#99 meeting, following agreements on DRX were reached.
Agreements:
1.	The unit of Onduration and drx-inactivity is numerology independent and based on ms.  The minimum value can be less than 1ms.  The values are FFS.
2.	The long and short DRX cycles should be in ms.  
3.	FFS if HARQ RTT can or should be derived from dynamically signalled K parameters over DCI or if HARQ RTT is configured by RRC 
4.	HARQ RTT and DL/UL retransmission timers are dependent on numerology of corresponding scheduled transmission (FFS whether it is PDCCH/PUSCH/PDSCH).  The actual unit is FFS (e.g. PDCCH monitoring occasions, number of slots/PDCCH slots, ms (last resort), etc.)
5.   As in LTE, include functionality related to the MAC CEs DRX Command and Long DRX Command

In this contribution, we further discuss the HARQ RTT timers and DL/UL retransmission timers
Discussion
DRX DL/UL HARQ RTT Timers
As to how to obtain the HARQ RTT timer, nowadays there are two alternatives among RAN2:
· Alt1: DRX HARQ RTT timer is configured by RRC;
· Alt2: DRX HARQ RTT timer is derived from dynamically signalled “K” parameters over DCI
In order to select among the above two options we analyze the relationship between the DRX HARQ RTT timers and the signaled “K” parameters. RAN1 has defined the following processing latency parameters:
· K0: Timing between DL assignment and corresponding DL data transmission
· All Rel. 15 UE supports minimum value of K0 equal to 0, i.e., DL assignment and the scheduled DL data are in the same slot
· K1: Timing between UL assignment and corresponding UL data transmission
· All UEs should support K1≥1 with exact values for K1 FFS
· Some UEs may support K1=0 (FFS conditions)
· K2: Timing between UL assignment and corresponding UL data transmission
· All UEs should support K2≥1 with exact values for K2 FFS
· Some UEs may support K2=0 (FFS conditions)
All three parameters are indicated by a field in the DCI from a set of values configured by higher layer.
We define an additional K3 parameter reflecting the gNB processing time as:
· K3: Timing between a received UL transmission (PUSCH or ACK/NACK) at gNB and the resulting DL transmission (ACK/NACK on PDCCH[footnoteRef:1] or DL re-transmission) [1:  With UL asynchronous HARQ in NR, there is no longer a need for an explicit DL ACK/NACK on PHICH thus RAN1 did not design any PHICH for NR] 

So far RAN1 has not been focused on defining gNB processing time (the focus has been on the UE side) since it has been assumed that this doesn’t matter with asynchronous HARQ. It can be left to gNB implementation and is not signaled in DCI. However, we analyze below its implication on the DRX timers.
Reusing the LTE legacy DRX RTT timer definitions, Figure 1 illustrates the dependence of DRX DL/UL HARQ RTT timers on the above processing latency parameters. As can be observed, DRX DL and UL HARQ RTT timers are triggered from the slot where the PSDCH and PUSCH transmissions take place (or complete in the case of multi-slot grants), respectively. Therefore, although the DRX UL HARQ RTT timer duration only depends on the minimum gNB processing time K3, the DRX DL HARQ RTT timer duration includes the latency associated with the (now dynamic) K1 latency to UE’s ACK/NACK response:
· DRX DL HARQ RTT timer duration = K1 + K3min
· DRX UL HARQ RTT timer duration = K3min 
Observation 1: Reusing legacy LTE definitions of the DRX DL HARQ RTT timer, its duration depends on the dynamic and DCI-signaled K1 UE’s latency to the ACK/NACK response. 
Observation 2: Both UL and DL DRX HARQ RTT timer durations depends on the minimum gNB processing (turn-around) time, denoted K3. 


[bookmark: _Ref494186735]Figure 1: DRX DL/UL HARQ RTT timers and K0-3 parameters
One simple way to remove the dependency of the DRX DL HARQ RTT timer duration from K1 is to align with the DRX UL HARQ RTT timer definition, which is reduced to the gNB’s “turn-around” processing time. Therefore a new definition of this timer should be used for NR, where the timer starts in the slots where the UL transmission (which for DL HARQ would be the UL ACK/NACK on PUCCH) takes place. This would also better reflect the “sleeping” period of the UE. With this change, both DL and UL HARQ RTT timer definitions would be consistent and correspond to the minimum K3 latency (K3min), as illustrated (in red) in Figure 1.
Proposal 1: DRX DL HARQ RTT timer is triggered in the slot where the UL transmission (ACK/NACK on PUCCH) takes place. 
With this definition change, both DL and UL HARQ RTT timer durations can be RRC-configured by the gNB, so as to match its turnaround processing time K3.
Proposal 2: Both UL and DL DRX HARQ RTT timer durations are configured by RRC.
This still means that RAN1 needs to define a set of possible values for K3min to be used for the above timer durations.
Proposal 3: RAN2 should send an LS to RAN1 asking for a set of possible values for K3min 
The unit of DL/UL HARQ RTT timers
N1 and N2 define the UE capabilities regarding the minimum values for the processing times K1 and K2 respectively. Referring to RAN1 agreements, there are multiple candidate values of (N1, N2) and the unit is OFDM symbol. Similarly, to maximize the power saving and to avoid UE from missing PDCCH reception, the unit of the HARQ RTT timers should be aligned with the unit of UE processing time capabilities defined in RAN1.
Proposal 4: The unit of DRX DL/UL HARQ RTT timer durations is symbol.
DL/UL retransmission timers
Some HARQ RTT (defined as the duration between two consecutive (re)transmissions in the same direction of a HARQ process) needs to be defined in RAN1 at least to derive the number of supported HARQ processes, but also for other purposes such as defining the buffer status table, which triggered the related LS from RAN2 to RAN1 [1]. But with asynchronous HARQ, it is not fixed and can vary within a [RTTmin RTTmax] window. Assuming RAN1 will answer the above LS with such window (leaving it to RAN1 if it is numerology-dependent), from DRX perspective knowledge of RTTmax would allow a UE deriving the durations of the drx-RetransmissionTimer(s) as follows (Figure 2):
drx-DLRetransmissionTimer duration = Max (DL HARQ RTT) – DRX DL HARQ RTT timer duration – K1
drx-ULRetransmissionTimer duration = Max (UL HARQ RTT) – DRX UL HARQ RTT timer duration – K2


[bookmark: _Ref494201134]Figure 2: DRX DL/UL retransmission timers
Proposal 5: The drx-DLRetransmissionTimer duration is computed by the UE for each DL grant taking into account the dynamic latency parameter K1 in that grant, the DRX DL HARQ RTT timer duration and the maximum HARQ RTT defined for the DL transmission.
Proposal 6: The drx-ULRetransmissionTimer duration is computed by the UE for each UL grant taking into account the dynamic latency parameter K2 in that grant, the DRX UL HARQ RTT timer duration and the maximum HARQ RTT defined for the UL transmission.
Conclusion
In this contribution, we focus on DL/UL HARQ RTT timers and retransmission timers and give below proposals:
DRX DL/UL HARQ RTT Timers:
Observation 1: Reusing legacy LTE definitions of the DRX DL HARQ RTT timer, its duration depends on the dynamic and DCI-signaled K1 UE’s latency to the ACK/NACK response. 
Observation 2: Both UL and DL DRX HARQ RTT timer durations depends on the minimum gNB processing (turn-around) time, denoted K3. 
Proposal 1: DRX DL HARQ RTT timer is triggered in the slot where the UL transmission (ACK/NACK on PUCCH) takes place. 
Proposal 2: Both UL and DL DRX HARQ RTT timer durations are configured by RRC.
Proposal 3: RAN2 should send an LS to RAN1 asking for a set of possible values for K3min 
The unit of DL/UL HARQ RTT timers:
Proposal 4: The unit of DRX DL/UL HARQ RTT timer durations is symbol.
DL/UL retransmission timers:
Proposal 5: The drx-DLRetransmissionTimer duration is computed by the UE for each DL grant taking into account the dynamic latency parameter K1 in that grant, the DRX DL HARQ RTT timer duration and the maximum HARQ RTT defined for the DL transmission.
Proposal 6: The drx-ULRetransmissionTimer duration is computed by the UE for each UL grant taking into account the dynamic latency parameter K2 in that grant, the DRX UL HARQ RTT timer duration and the maximum HARQ RTT defined for the UL transmission.
Reference
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