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1 Introduction

In the RAN2 adhoc#2 meeting, there were some discussions on NR DRX with the following agreements [1],
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.   
What’s more, in the last RAN2#99 meeting, regarding how to set the HARQ RTT timer, it was agreed that [2]
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 

This contribution intends to discuss how to set and handle the HARQ RTT timer in NR DRX mechanism based on RAN1 progress on HARQ timing, and configuration of DRX parameter time unit can be found in [3].
Compared to the paper R2-1707726 we submitted in the last meeting, in this contribution, we updated Proposal 1 to address the FFS left in the last meeting.

2 Discussion
2.1 HARQ timing in NR
In LTE, HARQ timing for DL and UL retransmission is relatively fixed. For UL HARQ transmission, the time interval between PUSCH transmission and ACK/NACK with/without UL grant reception is static with the fixed duration of 4 subframes. For DL HARQ transmission, the time interval between PDSCH reception and HARQ feedback is static with the duration of 4 subframes as well. During the period of such HARQ delay, it can be observed that no PDCCH is expected to be received by the UE. Therefore, DL and UL HARQ RTT timer in LTE spec are set to static values in time unit of subframes except for NB-IoT. When the HARQ RTT timer is running, the MAC entity doesn’t need to monitor the PDCCH so that the power consumption can be reduced without impact of performance.
In order to cope with deviated QoS requirements, HARQ timing is no longer fixed and flexible HARQ timing shall be supported in NR. In RAN1 86bis meeting, the following agreements were made [4]
Timing relationship between UL assignment and corresponding UL data transmission can be (one or more of, FFS which ones)

-  dynamically indicated by L1 signaling (e.g., DCI)

-  semi-statically indicated to a UE via higher layer

-  a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

Regarding the different HARQ timing parameters in terms of K0, K1, K2 and K3, RAN1 has made the following agreements respectively.
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Figure 1. HARQ timing parameters
· Timing relationship between control channel and corresponding data channel c
· K0: between DL assignment and corresponding DL data reception [5]
· RAN1 89 meeting agreed that 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. 
· K2: between UL assignment and corresponding UL data transmission [4]
· RAN1 86bis meeting agreed that UL assignment in slot N and corresponding uplink data transmission in slot N+K2

· All UEs should support K2≥1 with exact values for K2 FFS

· Some UEs may support K2=0 (FFS conditions)
· Timing relationship between data channel and corresponding HARQ feedback

· K1: between DL data reception and corresponding acknowledgement [4]
· RAN1 86bis meeting agreed that DL data reception in slot N and corresponding acknowledgment in slot N+K1
· All UEs should support K1≥1 with exact values for K1 FFS

· Some UEs may support K1=0 (FFS conditions)

For the K3, it mainly depends on the gNB scheduling and shall be able to meet the requirement of gNB processing time. Therefore, K3 is not visible in DCI as K0 and K2. 
According to the discussion above, we can see that HARQ RTT is no longer a static value but the exact values can be derived from the parameters K. K0 and K1 are explicitly indicated in DCI while length of K3 is invisible to the UE and is up to gNB implementation. From the perspective of power saving for the terminals, HARQ RTT timer can be derived from those K parameters indicated in the DCI and during the HARQ RTT timer, the UE does not need to monitor PDCCH. Likewise, UL HARQ RTT timer is the same. 
Proposal 1: HARQ RTT timer and UL HARQ RTT timer can be derived from dynamically signalled K parameters in DCI.
2.2 HARQ RTT timer in NR
With the introduction of dynamic HARQ timing, the handling of HARQ RTT timer including both DL HARQ RTT timer and UL HARQ RTT timer for DRX operation shall be revisited in NR. In the rest, we discuss the issue in two aspects regarding how to start it and how to set the value respectively.
· Start of HARQ RTT Timer

As for HARQ RTT timer for DL transmission in LTE, the PDCCH and corresponding PDSCH occurs in the exact same TTI/subframe. The MAC entity is specified to start the HARQ RTT timer for the corresponding HARQ process in the subframe where the PDCCH indicates a DL transmission or a DL assignment has been configured. However in NR, due to the semi-stoic/dynamic indication of K0, it is possible that the DL HARQ RTT timer shall start at the instance when either receiving PDCCH or PDSCH with the same effect of PDCCH monitoring behavior of MAC entity as shown in Figure 2, where the definition of TTI in NR can refer to [6]. 
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Figure 2. DL HARQ RTT Timer handlingc
· Option 1: If the PDCCH indicates a DL transmission or if a DL assignment has been configured for this TTI, the MAC entity shall stop the drx-RetransmissionTimer and start the HARQ RTT Timer for the corresponding HARQ process.
· Option 2: If the PDCCH indicates a DL transmission or if a DL assignment has been configured for this TTI, the MAC entity shall stop the drx-RetransmissionTimer and start the HARQ RTT Timer for the corresponding HARQ process after the PDSCH transmission.

The main difference between above two options lies in the starting point and the duration of HARQ RTT timer relevant to the UE behavior during the duration of K0. In option 1, the HARQ RTT timer starts in the TTI for PDCCH reception, and therefore UE can stop monitoring the PDCCH within K0 due to HARQ RTT timer. However, in option 2, the UE doesn't stay in the Active Time within K0 before triggering the HARQ RTT timer if OnDurationTimer is not running. From the point of UE behavior, the UE is not required to monitor the PDCCH as well. 
Proposal 2: As in LTE, drx-RetransmissionTimer is stopped in the TTI where the DL assignment indicates a DL transmission or it has been configured for this TTI.
Proposal 3: RAN2 discusses whether DL HARQ RTT timer starts in the TTI containing the DL assignment or in the TTI containing the corresponding PDSCH reception.
Similar to the UL HARQ with DRX operation, the time interval between the UL assignment and corresponding UL transmission, i.e. K2 is no longer set to be 4 subframes in NR. Given the analyse provided for the HARQ RTT timer, UL HARQ RTT timer could start either in the TTI containing the UL assignment or in the TTI corresponding PUSCH transmission with the same effect of UE behavior as follows,
Proposal 4: As in LTE, drx-ULRetransmissionTimer is stopped in the TTI where the UL assignment indicates a DL transmission or it has been configured for this TTI.
Proposal 5: RAN2 discusses whether UL HARQ RTT timer starts in the TTI containing the UL assignment or in the TTI containing the corresponding PUSCH transmission.

· Setting of HARQ RTT Timer
As discussed in the last subsection, the setting of HARQ RTT timer shall consider the HARQ timing and gNB processing time for proceeding to the HARQ feedback for uplink or to retransmission for downlink. However, it is finally decided by RAN1 on the requirement of gNB processing time as term delta for K3. We believe that delta here can also refer to the duration before the start of RAR reception. RAN2 has sent LS to ask for the suggestion on such fixed duration from RAN1. Our understanding is that once RAN1 agreed to define such duration, it can be also applied to the delta for HARQ RTT timer.
Proposal 6a: If HARQ RTT timer starts in the TTI containing the DL/UL assignment, DL HARQ RTT timer can be set as the duration of K0 + K1 + delta while UL HARQ RTT timer can be set as K2 + delta where the delta shall be decided by RAN1.
Proposal 6b: If HARQ RTT timer starts in the TTI containing the DL/UL data, DL HARQ RTT timer can be set as the duration of K1 + delta while UL HARQ RTT timer can be set as delta where the delta shall be decided by RAN1.
3 Conclusion

In this contribution, we analyze the HARQ RTT timer in NR by providing the following observations and proposals:

Proposal 1: HARQ RTT timer and UL HARQ RTT timer can be derived from dynamically signaled K parameters in DCI.
Proposal 2: As in LTE, drx-RetransmissionTimer is stopped in the TTI where the DL assignment indicates a DL transmission or it has been configured for this TTI.
Proposal 3: RAN2 discusses whether DL HARQ RTT timer starts in the TTI containing the DL assignment or in the TTI containing the corresponding PDSCH reception.
Proposal 4: As in LTE, drx-ULRetransmissionTimer is stopped in the TTI where the UL assignment indicates a DL transmission or it has been configured for this TTI.
Proposal 5: RAN2 discusses whether UL HARQ RTT timer starts in the TTI containing the UL assignment or in the TTI containing the corresponding PUSCH transmission.

Proposal 6a: If HARQ RTT timer starts in the TTI containing the DL/UL assignment, DL HARQ RTT timer can be set as the duration of K0 + K1 + delta while UL HARQ RTT timer can be set as K2 + delta where the delta shall be decided by RAN1.

Proposal 6b: If HARQ RTT timer starts in the TTI containing the DL/UL data, DL HARQ RTT timer can be set as the duration of K1 + delta while UL HARQ RTT timer can be set as delta where the delta shall be decided by RAN1.
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