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1.
Introduction
In the last meeting, RAN2 made agreements as follows, 
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
As can be seen, RAN2 agreed to use HARQ RTT Timer in NR while it is FFS when to start HARQ RTT Timers and how to set the value of HARQ RTT Timer. In this contribution, we present our view on HARQ RTT Timer in NR.
2.
Discussion 
In LTE, the HARQ RTT Timer is used to start drx-RetransmissionTimer, and the timer value is relatively fixed. The HARQ RTT Timer for DL is set to the interval between PDSCH reception and the earliest possible PDCCH for retransmission, and HARQ RTT Timer for UL is set the interval between PUSCH transmission and the earliest possible PDCCH for (re)transmission. 
While the HARQ RTT Timer for DL and UL is running, the MAC entity does not monitor PDCCH to reduce power consumption. However, it should be noted that if there is any HARQ process for which retransmission timer is running or if there is drx-InactivityTimer or onDurationTimer running for the MAC entity, the MAC anyway need to monitor the PDCCH. In other words, the power saving gain is only achieved if there is no other HARQ process which are currently used for data transmission.
In NR, RAN1 has introduced some HARQ timing parameters, i.e. K0, K1 and K2 [1]. 
· K0: Timing relationship between DL assignment and corresponding DL data transmission
· K1: Timing relationship between DL data reception and corresponding acknowledgement
· K2: Timing relationship between UL assignment and corresponding UL data transmission
Following figures present the HARQ timing considering HARQ timing parameters, and parameter K3 and α are assumed to explain the HARQ RTT Timers.
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Figure 1. HARQ timing for downlink
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Figure 2. HARQ timing for uplink
· K3: Timing relationship between acknowledgement and the earliest possible PDCCH for corresponding retransmission
· α: Timing relationship between UL data transmission and the earliest possible PDCCH for corresponding retransmission
In addition, RAN1 has introduced some parameters related to UE processing time, i.e., N1 and N2.
· N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission
· N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission
Based on RAN1 agreements, given that HARQ parameters K1 and K2 are determined based on UE processing time and there are multiple candidate factors for UE processing time, there could be multiple candidate values for HARQ parameters K1 and K2. Thus, it is likely that multiple candidate HARQ parameters K1 and K2 are configured by e.g., RRC and the index is indicated by DCI. 
Therefore, it is proper to follow the indicated HARQ parameter to determine the HARQ RTT Timer, i.e. the value of HARQ RTT Timer is determined based on HARQ parameter and the unit of HARQ RTT Timer has the same unit as HARQ parameter.
Proposal 1. In NR, the value of HARQ RTT Timer is determined based on HARQ parameter indicated by DCI.
Proposal 2. In NR, the unit of HARQ RTT Timer has the same unit as HARQ parameter indicated by DCI.
In LTE, the HARQ RTT Timer for DL is determined such that the UE can monitor earliest possible PDCCH for retransmission considering UE processing time and eNB processing time from PDSCH reception, and the HARQ RTT Timer for UL is determined such that the UE can monitor earliest possible PDCCH for retransmission considering eNB processing time from PUSCH transmission.

In NR, to follow this motivation of LTE, the HARQ RTT Timer for DL is started from NR-PDSCH reception and is set to the sum of K1 and K3 in Figure 1, and the HARQ RTT Timer for UL is started from NR-PUSCH transmission and is set to parameter α in Figure 2.
Observation 1. It is proper that HARQ RTT Timer for DL is started from NR-PDSCH reception and is set to sum of K1 and K3.

Observation 2. It is proper that HARQ RTT Timer for UL is started from NR-PUSCH transmission and is set to α.

The HARQ parameter K3 and α depend on the capability of gNB. If the gNB capability is good enough, the earliest possible NR-PDCCH may be the next NR-unit for scheduled numerology of PDCCH after transmitting HARQ feedback with NACK (DL case) or PUSCH (UL case). Thus, considering good gNB capability, it may be possible that K3 or α is set to one NR-unit for scheduled numerology of PDCCH. 

However, one NR-unit is very short period, and power saving gain in this period is expected only when no other HARQ processes are used for data transmission. And the complexity to calculate HARQ timing seems to be larger than the expected gain. Therefore, it is better not to consider parameter K3 when setting HARQ RTT Timer for DL.
Additionally, RAN1 did make any agreement to specify gNB processing time, i.e. parameter K3 in Figure 1 and parameter α in Figure 2, to monitor earliest possible NR-PDCCH for retransmission after HARQ feedback (e.g. NACK) or PUSCH transmission. 
Proposal 3. In NR, gNB processing time is not considered for HARQ RTT Timer.
With Observation 1 and Proposal 3, the value of drx-HARQ-RTT-TimerDL is set to K1, and drx-RetransmissionTimerDL is started when the drx-HARQ-RTT-TimerDL expires.
Proposal 4. The drx-HARQ-RTT-TimerDL is started upon NR-PDSCH reception.

Proposal 5. The value of drx-HARQ-RTT-TimerDL is set to HARQ parameter K1 indicated by DCI. 

Proposal 6. The drx-RetransmissionTimerDL is started when drx-HARQ-RTT-TimerDL expires.
With Observation 2 and Proposal 3, drx-HARQ-RTT-TimerUL is set to zero, and drx-RetransmissionTimerUL is naturally started upon NR-PUSCH transmission. 
Proposal 7. The value of drx-HARQ-RTT-TimerUL is set to 0.

Proposal 8. The drx-RetransmissionTimerUL is started upon PUSCH transmission.
3.
Conclusion
In this contribution, we discussed HARQ RTT Timers and drx-RetransmissionTimers. And we make observations and proposals as the followings,
Observation 1. It is proper that HARQ RTT Timer for DL is started from NR-PDSCH reception and is set to sum of K1 and K3.

Observation 2. It is proper that HARQ RTT Timer for UL is started from NR-PUSCH transmission and is set to α.

Proposal 1. In NR, the value of HARQ RTT Timer is determined based on HARQ parameter indicated by DCI.

Proposal 2. In NR, the unit of HARQ RTT Timer has the same unit as HARQ parameter indicated by DCI.
Proposal 3. In NR, gNB processing time is not considered for HARQ RTT Timer.
Proposal 4. The drx-HARQ-RTT-TimerDL is started upon NR-PDSCH reception.

Proposal 5. The value of drx-HARQ-RTT-TimerDL is set to HARQ parameter K1 indicated by DCI. 

Proposal 6. The drx-RetransmissionTimerDL is started when drx-HARQ-RTT-TimerDL expires.
Proposal 7. The value of drx-HARQ-RTT-TimerUL is set to 0.

Proposal 8. The drx-RetransmissionTimerUL is started upon PUSCH transmission.
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5. 
Annex for RAN1 agreements
Agreements in RAN1#86bis:
· For slot-based scheduling, NR specification should support the following

· 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)

· 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)

Agreements in RAN1#89:
· 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. 
Agreements in RAN1 NR AH#2:
· For NR, RAN1 should consider the UE processing time(s) in terms of symbols (N1, N2) together with absolute time (in us), instead of slots (K)

· N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective.

· N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective.

· Note the timing advance is not included in N1 and N2

· FFS whether other aspects, e.g. UE UL/DL switching time, etc. are included in N1 and N2

· FFS between the following for each combination defined in the next slide

· Opt 1: UE reports N1 and N2 as UE capability

· Opt 2: Fixed values of N1 and N2

· UE is not expected transmit anything in uplink if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing

Agreements in RAN1#90:
The candidate factors for (N1,N2) processing time characterization (Step 3) are given in following table

· Nominal assumptions are provided for this characterization in the table, for which the (N1,N2) values are evaluated

· Additional candidate factors indicated in [] can be optionally considered for (N1,N2).

· It is understood that if nominal assumptions change, the (N1,N2) characterization can be modified accordingly.

Candidate factors for UE processing time (N1,N2)
	
	N1
	N2

	Nominal assumptions
	Single carrier / Single BWP / Single TRP

· Full range of MCS and multi-layer support up to the 4-layer MIMO and 256-QAM

· Up to 3300 active subcarriers2
PDCCH

· Same numerology / BWP as PDSCH

· Single grant monitored for PDSCH

· 44 blind decodes, single symbol CORESET

PDSCH

· PDSCH does not precede PDCCH

· 14-symbol slot-based scheduling

· Frequency-first RE-mapping, no time-interleaving of CBs across TB

PUCCH 

· Short formats for HARQ-ACK
	Single carrier / Single BWP / Single TRP

· Full range of MCS and multi-layer support up to the 2-layer MIMO and 64-QAM

· Up to 3300 active subcarriers

PDCCH

· Same numerology / BWP as PUSCH

· Single grant monitored for PUSCH

· 44 blind decoding, single symbol CORESET

PUSCH

· 14-symbol slot-based scheduling

· No time-interleaving of CBs across TB 

· DFTsOFDM or OFDM

· Front loaded DMRS for low latency4
· No UCI multiplexing

	Candidate factors 
	· SCS

· DMRS configuration3
· [Percentage of peak rate]

· [RE-mapping1]
	· SCS

· RE-mapping (depending on specification)1 

· [Percentage of peak rate]




1Preferred RE-mappings may be specified in cases where decisions are pending.
2Some consideration can also be given to N1 when the 3300 active subcarriers are achieved with carrier aggregation. 
3Front loaded and distributed patterns are assumed. For front loaded, the 3rd and 4th symbols have DMRS. 
4N2 is measured from the start of DMRS (since front-loaded assumption is made). One DMRS is TDM with PUSCH.
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