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1 Introduction


During SI on New Radio (NR) Access Technology [1], many funtionalities have been discussed for three usage scenarios, i.e., eMBB, URLLC, and mMTC. Regarding HARQ process, the following agreements were made in RAN1#86bis. 
	RAN1#86bis 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


Based on a new work item on NR approved [2], this contribution considers how to manage HARQ process in NR.
2 Discussions 
In this section, the following issues are discussed. 
· Issue 1. Number of HARQ processes and its configurability
· Issue 2. Whether HARQ combining between different numerologies is allowed

· Issue 3. How to manage soft buffer and HARQ processes
Issue 1. Number of HARQ processes

For UE scheduling in consecutive slots, the number of HARQ processes should be determined by the HARQ RTT. For example, if the HARQ RTT is 8 slots, then the number of HARQ processes for a UE should be at least 8 for contiguous data scheduling. In LTE, each UE category defines soft buffer size and maximum number of data bits that a UE can receive in a TTI. The maximum number of data bits that UE can receive in a TTI can be derived by maximum TBS and supported number of CCc/cells. Even for the same maximum number of data bits per TTI, the maximum TBS and the supported number of CCs may not be fixed. The above factors such as soft buffer size and maximum TBS can affect HARQ RTT. Regarding HARQ RTT, UE can report its capability to the gNB, e.g., minimum HARQ timing for a given maximum TBS and given TTI length. Therefore, the number of HARQ processes that a UE supports may be related to how UE categories are defined in NR. 

Of course, the proper numbers of HARQ processes may be different among use cases of NR, e.g., eMBB, URLLC, mMTC. For URLLC, only one HARQ process may be enough to be supported. For eMBB, smaller number of HARQ processes will bring the restriction on contiguous data scheduling according to the minimum HARQ-ACK feedback timing. For example, if the minimum RTT is k, at least k HARQ processes are required to the eMBB UE to receive data transmission continuously. In order to maximize eMBB throughput performance, contiguous data scheduling should be supported for eMBB UEs. 
The minimum HARQ RTT is dependent on processing time, timing advance, and so on. It was agreed that HARQ-ACK and UL scheduling timing can be indicated by RRC signalling, L1 signaling, or both. That means, HARQ RTT can be variable. With this regards, to use soft buffer as much as possible, the number of HARQ processes may need to be variable as well. To know the detailed issues for variable number of HARQ processes, RAN1 needs to study further on the configurability of the number of HARQ processes.
Proposal 1: In NR, the number of HARQ processes should be jointly discussed with HARQ RTT, maximum TBS, soft buffer size, UE category definition, UE capability reporting, etc.
Proposal 2: At least HARQ processes as the number of the minimum RTT should be supported for eMBB UEs. 
Proposal 3: Study further on the configurability of the number of HARQ processes.
Issue 2. Whether HARQ combining between different numerologies is allowed
· HARQ combining between transmissions with different TTI’s 

One example is that the initial transmission happens with a slot and its retransmission happens with a mini-slot, or vice versa. The amount of data required to be retransmitted after failure of the initial transmission can be small. In this case, with using the same range of PRBs and using different TTI length shorter than that for initial transmission, time resource can be reduced and can be utilized for other UEs. Also, when the eMBB UE is scheduled with mini-slots, there may be a case that much amount of bits is required to be retransmitted. In this case, the TTI for retransmission is better to much longer than that of initial transmission. Therefore, to enable the above use cases and to provide more flexibility of scheduling to gNB, HARQ combining between transmissions with different TTI’s should be supported. 
· HARQ combining between transmissions with different subcarrier spacings

During SI phase in NR, it was agreed that specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective. Therefore, the gNB can schedule data transmission with any subcarrier spacing at any moment. With this flexibility, it is hard to find a motivation to support HARQ retransmission by using different subcarrier spacing.
Proposal 4: Allow HARQ combining between transmissions with different TTI’s 
Proposal 5: Study further on whether to allow HARQ combining between transmissions with different subcarrier spacings
Issue 3. How to manage soft buffer and HARQ processes

For a given size of soft buffer, one issue is how to partition the total soft buffer according to the number of HARQ processes. This partitioning affects the peak data rate and the capability of contiguous scheduling.

If scheduling can be dynamically switched between slot based and mini-slot based, it needs to be discussed how to manage with HARQ processes. In the following figure, two options are illustrated for management of HARQ processes in data transmission with slot and mini-slot TTI’s. 
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Figure 1: Two options for management of HARQ processes 

For independent HARQ processes for TTI length as shown in Figure 1-(a), the bit field size of DCI for HARQ process number indication can be optimized for TTI length. With this option, mapping between HARQ processes of slot TTI and mini-slot TTI should be defined to allow HARQ combining between different TTI lengths. 

If HARQ processes are shared between slot TTI and mini-slot TTI as shown in Figure 1-(b), then the size of soft buffer per HARQ process will be smaller than the case when only slot TTI is considered. This may affect peak data throughput performance due to limited size of a soft buffer for a given HARQ process. 

Proposal 6: Consider DCI scheduling mechanism according to HARQ processes and throughput performance by allowing switching between slot and mini-slot for given data.
3 Conclusions
In this contribution, the issues related to HARQ process management were discussed. It can be summarized as below.
Proposal 1: In NR, the number of HARQ processes should be jointly discussed with HARQ RTT, maximum TBS, soft buffer size, UE category definition, UE capability reporting, etc.
Proposal 2: At least HARQ processes as the number of the minimum RTT should be supported for eMBB UEs.
Proposal 3: Study further on the configurability of the number of HARQ processes.
Proposal 4: Allow HARQ combining between transmissions with different TTI’s
Proposal 5: Study further on whether to allow HARQ combining between transmissions with different subcarrier spacings
Proposal 6: Consider DCI scheduling mechanism according to HARQ processes and throughput performance by allowing switching between slot and mini-slot for given data.
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