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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #89 meeting, RAN1 achieved the following agreement on the maximum number of HARQ processes: 
· [bookmark: OLE_LINK5][bookmark: OLE_LINK8]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) 
In this contribution, we give our views on the FFS issues. 
[bookmark: _Ref129681832]Discussion 





RAN1 has agreed that the maximum number of HARQ processes per carrier supported in NR is 8 or 16. For continuous DL transmission with peak DL data rate, the minimum number of DL HARQ processes is . For contiguous UL transmission with peak UL data rate, the minimum number of UL HARQ processes is where  are the timing parameters as used in the relevant agreements, and  is the timing between HARQ-ACK feedback for PUSCH and UL grant for retransmission. The processing time can be categorized to the time proportional to the length of an OFDM symbol, for example, FFT/demodulation/decoding etc. and the fixed delay such as L1/L2 interaction time, BD time, etc. So at least the processing delay in number of slots will increase with TTI length. For example, for SCS 120kHz, the K3 may be greater than 8. And transmission delay may further increase the number of HARQ process. For example, when=200s, the timing advanced itself may need additional at least 3 HARQ processes for continuous transmission. 
In addition, the slot format configuration needs to be considered when defining the number of HARQ processes. In LTE, up to 15 HARQ processes are defined to address all subframe configurations. In NR, this is not yet clear. Some configurations may need more HARQ processes. As per the agreements, NR should support at least 16 to address this issue. Documents [1][2][3] in last meeting have shown some the scenarios that the number of HARQ processes needs to be greater than 8. 
NR has agreed to support multiple bandwidth parts operation. Based on our analysis above and analysis in [4], the maximum number of HARQ processes itself has no impact on defining UE category. The maximum number of HARQ processes will only affect on the DCI size. Since the CORESET is defined per bandwidth parts, the number of HARQ processes can be defined per bandwidth part too. 
Based on these observations, we make the following proposals:
Proposal 1: The maximum number of DL HARQ processes per bandwidth part per carrier is 16 in NR. 
Proposal 2: The maximum number of UL HARQ processes per bandwidth part per carrier is 16 in NR. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]The maximum number of HARQ processes varies with the numerologies and deployment scenarios. The network can decide the suitable number of HARQ processes based on all information, including UE HARQ processing capability parameters. The actual number of HARQ processes is up to gNB scheduling and thus included in DCI contents. To reduce the DCI overhead, the gNB can semi-statically configure UE a smaller number of HARQ processes than 16 per bandwidth part. 
[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK127][bookmark: OLE_LINK128]Proposal 3: The gNB can semi-statically configure UE a smaller number of HARQ processes than 16 per bandwidth part to save DCI overhead.
Conclusions
In this contribution, we give our views on the value of the maximum number of HARQ processes. Based on our analysis, we make the following proposals for RAN1 further work:
Proposal 1: The maximum number of DL HARQ processes per bandwidth part per carrier is 16 in NR. 
Proposal 2: The maximum number of UL HARQ processes per bandwidth part per carrier is 16 in NR. 
Proposal 3: The gNB can semi-statically configure UE a smaller number of HARQ processes than 16 per bandwidth part to save DCI overhead.
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