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1 Introduction

In RAN1#86bis meeting [1], the number of HARQ processes was discussed. The following proposals on the number of HARQ processes are agreed: 
Agreements:
· NR supports operation of more than one DL HARQ processes for a given UE
· NR supports operation of more than one UL HARQ processes for a given UE
· FFS: URLLC case
Agreements:
· NR supports operation of one DL HARQ process for some UEs
· NR supports operation of one UL HARQ process for some UEs
· FFS: Conditions on supporting above 2 bullets
· Note: This does not mean the gNB has to schedule back-to-back
· Note: This does not mean the UE has to support K1=0 and/or K2 = 0
In RAN1#86bis meeting [1], the following proposals on the scheduling timing are agreed:

Agreements:
· 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)

In this contribution, we will further discuss the open topics on the number of HARQ process and the scheduling timing. 
2 Discussion 
2.1 The number of HARQ process and HARQ timing
Multiple HARQ processes are used in LTE to improve the system efficiency and give enough scheduling flexibility. The number for HARQ processes depends on many factors, including UE capability, peak data rate, HARQ RTT time, slot duration and so on. Considering the slot duration in NR will mostly be smaller than LTE especially for larger subcarrier spacing and the peak data rate of eMBB will be nearly ten times of that in LTE, it is reasonable that the maximum number of HARQ process in NR no less than that in LTE. 
Proposal 1: The maximum number of HARQ process in NR eMBB is no less than the maximum HARQ process in LTE Rel-13.
Based on the RAN1 agreements, some UEs will support one DL/UL HARQ process and some UEs will support more than one DL/UL HARQ processes. So the maximum number of HARQ process supported by UE is different depending on UE capabilities. It should be reported to the network, as the separate UE capability parameters or as the elements of UE categories like in LTE. 

Proposal 2: NR UE should report the supported maximum number of DL/UL HARQ processes to the NR network.

According to the agreements on the scheduling timing in RAN1#86bis, at least some UEs could support K1=0 or K2=0 while some UEs will not. The value of K1 and K2 depend on many factors including UE capability. So UE should report to the network of its supported minimum value of K1 and K2.

Proposal 3: NR UE should report the supported minimum value of K1 and K2 to the NR network.
For UEs which supported one DL HARQ process and K1≥1, gNB can schedule the other UEs or UL data to fill the waiting time for the ACK/NACK as shown in Fig 1.
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Fig 1. Scheduling timing for UEs which supported one DL HARQ process and K1≥1
2.2 The retransmission timing
The retransmission delay depends on many factors, including the deployment scenarios, scheduling mechanisms and so on. In RAN#85 meeting, many companies think the retransmission delay is at least in the order of a few tens of or hundreds of micro seconds [2]. If the length of TTI is in the order of a few tens or hundreds of micro seconds, the retransmission delay may be at least one TTI. In this case, it is impossible to implement the back-to-back retransmission. On the other hand, even for URLLC case, the  retransmission in (N+K3) slot, where K3 is greater than one,  may also acceptable for latency requirements depending on the URLLC design. For example, single shot transmission with the air transmission reliability up to 10-5 can also meet the requirements of URLLC [3].  
Meanwhile, for UEs supported one HARQ process, gNB may schedule other UEs transmission or UL data to fill the waiting time for the retransmission scheduling as shown in Fig 2.
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Fig 2. Retransmission timing for UEs which supported one DL HARQ process and K1=0
That means, for UE supporting one HARQ process, gNB will not schedule retransmission at least after K3 slot(s), where K3 slot(s) is no less than 1. This information can be notified to UE for power saving.
Proposal 4: NR UE supporting one DL HARQ process will not expect a retransmission before (N+K3) slot, where K3≥1 after it transmits ACK/NACK in slot N.. 
3 Conclusions
In this contribution, we further discuss the open topics on the number of HARQ process and HARQ timing. The following proposals are given for RAN1 decision:
Proposal 1: The maximum number of HARQ process in NR eMBB is no less than the maximum HARQ process in LTE Rel-13.
Proposal 2: NR UE should report the supported maximum number of DL/UL HARQ processes to the NR network.

Proposal 3: NR UE should report the supported minimum value of K1 and K2 to the NR network.
Proposal 4: NR UE supporting one DL HARQ process will not expect a retransmission before (N+K3) slot, where K3≥1 after it transmits ACK/NACK in slot N. 
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