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1 Introduction


During SI on New Radio (NR) Access Technology [1], many functionalities have been discussed for three usage scenarios, i.e., eMBB, URLLC, and mMTC. Since different numerologies are introduced in NR, how to manage HARQ processes is one of the important issues in this WI [2]. For the issue of the number of HARQ processes, the following conclusion and email discussion topic were made in RAN1#89. 
	RAN1#89 Agreements:
· A set of reference parameters is used for the purpose of soft buffer dimensioning

· A reference set of parameters includes at least DL HARQ RTT [Y ms] and data rate(s) of X Gbps 

· FFS: values of X and Y
· FFS: other conditions
· This does not imply UE has to have a HARQ-ACK timing based on the reference HARQ RTT

· FFS: how different UE categories are defined

· LBRM is taken into account

· Maximum number of HARQ processes per carrier supported in NR is 8 or 16 

· This is at least for the single numerology case and a slot-level scheduling and single-TRxP transmission

· FFS: down-selection of 8 or 16

· FFS: soft-buffer handling
· FFS: the value may be different depending on a certain condition (e.g., subcarrier spacing)


This contribution considers the number of HARQ processes and HARQ RTT.
2 Discussions 
Consideration of processing time and HARQ RTT

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. The minimum processing delay and HARQ RTT depends on the UE capability, where the capabilities are for the minimum processing time of K0, K1, K2, K3. The important issue is that which maximum value in NR is supported in specification point of view regarding the minimum processing time UEs support, i.e., the maximum of UE-capable minimum processing time. This also affects the required soft buffer size for a UE. Although the LTE value of K1=4 can be reduced, it is preferable to not mandate such reduction for all UE categories in Phase I. The network can account for other delays such as fronthaul/backhaul, propagation, etc. When processing delay and HARQ RTT are discussed, the baseline for Phase 1 can be the timing of LTE.
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.

Consideration of peak rate and maximum bandwidth

UE peak rate/maximum bandwidth may affect the required minimum processing time, which leads to different number of HARQ processes needed. It is because the number of bits required to be processed will vary according to UE peak rate/maximum bandwidth. 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. As explained above, 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. 
The appropriate 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. 

HARQ process number indication and soft buffer management

The number of DCI format bits for indicating the HARQ process number should be configurable. This number then determines the maximum number of HARQ processes. A smaller number than the maximum one does not need to be explicitly configured to the UE as it will restrict scheduler operation and can be handled by UE implementation. 

What can be useful for UE implementation to improve use of the soft buffer, in case of CA or DC, is for the gNB to indicate the UE soft buffer partitioning per cell as different data rates can exist per cell (e.g. macro vs. small cell or below-6 vs. above 6) even though the number of actually used HARQ processes can be similar/same. 

For the maximum number of HARQ processes, the following issues should also be considered. 

· Whether to support HARQ process sharing among carriers for CA scenario 

· Whether to support HARQ process sharing among different numerologies
Number of HARQ processes for DL and UL

The number of CWs in PDSCH/PUSCH and 1/2 CW per HARQ process need to be considered since these aspects may be different between DL/UL. For example, when the UE is configured to transmit or receive up to 4 layers, 1 CW per HARQ process is used. When the UE is configured receive up to 8 layers, 2-CW per HARQ process is used (note: at this point the maximum number of layers is 8 for DL and 4 for UL). The number of DCI format bits for the HARQ process number can be separately configured for DL and UL.
As the above discussion, the followings are proposed.
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: When processing delay and HARQ RTT are discussed, the baseline for Phase 1 can be the timing of LTE.
Proposal 4: Study further on the configurability of the number of HARQ processes.
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: When processing delay and HARQ RTT are discussed, the baseline for Phase 1 can be the timing of LTE.

Proposal 4: Study further on the configurability of the number of HARQ processes.
References

[1] RP-160671, “New SID Proposal: Study on New Radio Access Technology,” NTT DOCOMO, RAN#71, March, 2016.
[2] RP-170823, “New WID on New Radio Access Technology,” NTT DOCOMO, RAN#75, March, 2017.
Page 1

