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1. Introduction
In last RAN2 meeting, the HARQ RTT timer was agreed to be configurable, but how to indicate the HARQ RTT timer (e.g. by DCI or RRC) was left FFS. On the other hand, the HARQ RTT timer and the DRX retransmission timer were agreed to be dependent on numerology of corresponding scheduled transmission, but the unit was postponed to be decided in this meeting.
	RAN2 #99 agreements [1]
1. FFS if HARQ RTT can or should be derived from dynamically signalled K parameters over DCI or if HARQ RTT is configured by RRC
2. 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.)


Hence, this contribution focuses on discussing the configuration of the HARQ RTT timer and the unit of the HARQ RTT timer as well as the DRX retransmission timer.
2. Discussion
2.1 Configuration of HARQ RTT timer

	RAN1 #86-bis agreements [2]
· 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)

· 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)
RAN1 #87 Agreements [3]:

-
It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI
RAN1 #89 Agreements [4]:
-
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.


According to RAN1 agreements, the parameters K0, K1 and K2 have made for slot-based scheduling. These parameters could be dynamically indicated by L1 signaling (e.g. DCI) or indicated by higher layer (e.g. RRC). 
· K0: a time interval between a DL assignment and the corresponding DL data reception

· K1: a time interval between a DL data reception and the corresponding ACK/NACK
· K2: a time interval between a UL assignment and the corresponding UL data transmission 
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Figure 1: An illustration for K parameters
DL HARQ RTT timer
In LTE, a DL data assignment and the corresponding DL data reception are taken place on the same time unit, i.e. subframe. There is no dispute if the HARQ RTT timer starts at the timing of the DL data assignment (e.g. PDCCH) or the timing of the DL data reception (e.g. PDSCH). However, in NR, a parameter K0 can be used to adjust the interval between a DL assignment and the corresponding DL data reception. That is, the timing of a PDCCH and the corresponding PDSCH could be different, e.g. on different slot. Thus, the length of DL HARQ RTT timer would be different based on the starting time. 
Proposal 1: To discuss the DL HARQ RTT timer starts at one of the following alternatives:

· Alt 1: The timing of the DL data reception (e.g. PDSCH)
· Alt 2: The timing of the DL data assignment (e.g. PDCCH)
The purpose of the DL HARQ RTT timer is to prevent the UE from wasting power by monitoring the PDCCH for DL retransmission on the time unit which is not possible to be scheduled the DL retransmission.  When the DL HARQ RTT timer is expired, the DL retransmission timer is started, then the UE should monitor the PDCCH for DL retransmission during running time of the DL retransmission timer. Obviously, the retransmission of a DL data must be happened after transmitting the NACK of the DL data. Assuming that K parameters are dynamically indicated via DCI. If the DL HARQ RTT timer could only be configured by RRC, it may be difficult to fit the exact timing after transmitting the NACK. For example, if K1 is long, the DL HARQ RTT timer may be expired earlier than the NACK transmission, i.e. the UE should monitor the PDCCH before transmitting NACK. It results in unnecessary power consumption. For another example, if K1 is short, the DL HARQ RTT timer may be expired later a while after the NACK transmission, i.e. the DL retransmission is forced to be delayed. Therefore, we think the DL HARQ RTT timer is reasonable to be dynamically indicated via DCI based on at least the parameter K1. 
Whether considering the parameter K0 for the DL HARQ RTT timer depends on the starting point of the DL HARQ RTT timer. If the DL HARQ RTT timer starts at the timing of receiving the DL data assignment, the DL HARQ RTT timer could be K0 + K1.
In addition, after the NACK transmission, a minimum interval (e.g. N1 in Figure 2) of processing time for gNB to proceed the HARQ feedback and to indicate the assignment for the DL retransmission is also needed to be considered.  The interval N1 may be decided by RAN1 on the requirement of gNB processing time. If the interval is agreed, the DL HARQ RTT timer could be K0+K1+N1.
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Figure 2: An illustration for DL HARQ RTT timer
Proposal 2a: In NR, the DL HARQ RTT timer is dynamically indicated via DCI based on at least K1 if the DL HARQ RTT timer starts at the timing of DL data reception (e.g. PDSCH).
Proposal 2b: In NR, the DL HARQ RTT timer is dynamically indicated via DCI based on at least K0 and K1 if the DL HARQ RTT timer starts at the timing of DL data assignment (e.g. PDCCH).

Proposal 3: In NR, the DL HARQ RTT timer can be further plus a parameter N1, where N1 is the minimum interval of processing time for gNB to proceed the HARQ feedback and to indicate the assignment for DL retransmission.
UL HARQ RTT timer
Similar to DL HARQ RTT timer, a parameter K2 can be used to adjust the interval between a UL assignment and the corresponding UL data transmission. That is, the timing of a PDCCH and the corresponding PUSCH could be different, e.g. on different slot. Thus, the length of UL HARQ RTT timer would be different based on the starting time.
Proposal 4: To discuss the UL HARQ RTT timer starts at one of the following alternatives:

· Alt 1: The timing of the UL data transmission (e.g. PUSCH)
· Alt 2: The timing of the UL data assignment (e.g. PDCCH)
For the same reason as DL, the retransmission of a UL data must be occurred after transmitting the UL data. If the UL HARQ RTT timer starts at the timing of UL data transmission, the UL HARQ RTT timer is not associated with the parameter K2. 
If the UL HARQ RTT timer starts at the timing of receiving an UL data assignment, the UL HARQ RTT timer should be based on at least the parameter K2.
In addition, considering the processing time for gNB to proceed the UL data and to indicate the assignment for UL retransmission, the minimum interval of the processing time for gNB could be referred to, e.g. N2 in Figure 3. Then the UL HARQ RTT timer could be set as K2+N2. N2 may also be decided by RAN1, and it may be the same as N1, e.g. the same parameter.
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Figure 3: An illustration for UL HARQ RTT timer
Proposal 5a: In NR, the UL HARQ RTT timer is not associated with K2 if the UL HARQ RTT timer starts at the timing of the UL data transmission (e.g. PUSCH).

Proposal 5b: In NR, the UL HARQ RTT timer is dynamically indicated via DCI based on at least K2 if the UL HARQ RTT timer starts at the timing of the UL data assignment (e.g. PDCCH).

Proposal 6: In NR, the UL HARQ RTT timer can be further plus a parameter N2, where N2 is the minimum interval of processing time for gNB to proceed the UL data and to indicate the assignment for UL retransmission.
2.2 Unit of HARQ RTT timer and DRX retransmission timer
The HARQ RTT timer reflects a duration from a data transmission to the first opportunity of the data retransmission. Since the data (re-)transmission is scheduled by network, the unit of the HARQ RTT timer is better based on the minimum scheduling unit. In LTE, the minimum scheduling unit is subframe, so the unit of HARQ RTT timer is subframe. However, in NR, the minimum scheduling unit is agreed to be slot unit, so the DL/UL HARQ RTT timer should be configured in slot unit.
 Proposal 7: In NR, the unit of the DL/UL HARQ RTT timer is slot.
In LTE, the unit of DRX retransmission timer is PDCCH-subframe. PDCCH-subframe refers to a subframe with PDCCH, i.e. the subframe which has an opportunity for a UE to monitor PDCCH. In other words, network could only schedule the retransmission on PDCCH-subframe. Based on the same reason, considering the minimum scheduling unit is turned to slot unit in NR, the unit of the DRX retransmission timer should be PDCCH-slot.
Proposal 8: In NR, the unit of the DL/UL DRX retransmission timer is PDCCH-slot.
3. Conclusion
Based on the analysis of this document, we have following proposals:
Proposal 1: To discuss the DL HARQ RTT timer starts at one of the following alternatives:

· Alt 1: The timing of the DL data reception (e.g. PDSCH)
· Alt 2: The timing of the DL data assignment (e.g. PDCCH)
Proposal 2a: In NR, the DL HARQ RTT timer is dynamically indicated via DCI based on at least K1 if the DL HARQ RTT timer starts at the timing of DL data reception (e.g. PDSCH).

Proposal 2b: In NR, the DL HARQ RTT timer is dynamically indicated via DCI based on at least K0 and K1 if the DL HARQ RTT timer starts at the timing of DL data assignment (e.g. PDCCH).

Proposal 3: In NR, the DL HARQ RTT timer can be further plus a parameter N1, where N1 is the minimum interval of processing time for gNB to proceed the HARQ feedback and to indicate the assignment for DL retransmission.
Proposal 4: To discuss the UL HARQ RTT timer starts at one of the following alternatives:

· Alt 1: The timing of the UL data transmission (e.g. PUSCH)
· Alt 2: The timing of the UL data assignment (e.g. PDCCH)
Proposal 5a: In NR, the UL HARQ RTT timer is not associated with K2 if the UL HARQ RTT timer starts at the timing of the UL data transmission (e.g. PUSCH).

Proposal 5b: In NR, the UL HARQ RTT timer is dynamically indicated via DCI based on at least K2 if the UL HARQ RTT timer starts at the timing of the UL data assignment (e.g. PDCCH).

Proposal 6: In NR, the UL HARQ RTT timer can be further plus a parameter N2, where N2 is the minimum interval of processing time for gNB to proceed the UL data and to indicate the assignment for UL retransmission.
Proposal 7: In NR, the unit of the DL/UL HARQ RTT timer is slot.
Proposal 8: In NR, the unit of the DL/UL DRX retransmission timer is PDCCH-slot.
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