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1 Introduction

This contribution considers residual aspects regarding HARQ management and feedback, including:

a) Determine the processing time for aggressive mode/mini-slot scheduling 
b) Determine the maximum number of HARQ process
c) Determination on single HARQ-ACK timing configuration 
d) Determination of HARQ-ACK feedback for DL SPS PDSCH
2 Discussion 
2.1 Processing time  
The processing time for normal mode, i.e., capability #1, was agreed in RAN1#91. It includes the case of both non-CA and CA cases. It is agreed for both slot-based and non-slot-based scheduling to use the following values with a unit of symbol.

	Configuration
	HARQ Timing 
Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	8
	10
	17
	20

	Front-loaded + additional DMRS
	N1
	Symbols
	13
	13
	20
	24

	Frequency-first RE-mapping
	N21
	Symbols
	10
	12
	23
	36


One of the remaining issues is the timing for aggressive mode. After investigating the processing time in NR, the following table can be considered for aggressive mode, i.e., capability #2, for both slot-based and non-slot-based scheduling.

Table 1. UE Processing Time and HARQ Timing (Capability #2)

	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	3
	5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	5.5
	5.5


1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

Proposal 1: For both slot-based and non-slot-based scheduling, UE processing capability #2 uses the following values.

	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	3
	5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	5.5
	5.5


1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

2.2 Maximum number of HARQ processes
Regarding the number of HARQ processes, the followings have been agreed.

	Agreements:

· The maximum number of DL HARQ processes per carrier that can be signalled in DCI is 16. 
· The maximum number of UL HARQ processes per carrier that can be signalled in DCI is 16.

Agreements:

· The number of HARQ processes configurable in RRC for unicast PDSCH per cell for a UE includes the set of integers {2,4, 6, 8,10,12,16}

· 4-bits are provided in fallback and non-fallback DCI for addressing the HARQ process regardless of configuration

· UE does not expect DCI to address process ID larger than number of HARQ processes configured in RRC

· Further discussion offline on the number of HARQ processes assumed by the UE before RRC configuration

Agreements:

· The number of HARQ processes for dynamic scheduling of PUSCH is fixed at 16

· Note: some of processes may be used for grant-free operation


It is so far unclear whether all Rel-15 NR UE supports up to 16 HARQ processes for unicast PDSCH or there is a UE capability about the maximum number of HARQ processes. To avoid UE fragmentation, the following is proposed.

Proposal 2: NR Release-15 UE should support 16 maximum number of HARQ processes.
2.3 Single HARQ-ACK timing configuration  
For fallback DCI 1_0, a set of HARQ-ACK timing for is defined as {1,2,3,4,5,6,7,8} with 3 bits indication in DCI. For normal DCI 1_1, either 3 bits or 0 bits HARQ-ACK timing is supported. The FFS point is how to support 0-bit HARQ-ACK timing for DCI 1_1. No RRC parameter impact is expected since all values can be configured to the same HARQ timing. The discussion point is how to interpret the RRC configured single value. The simplest way is to determine the slot n+k for HARQ-ACK feedback according to the configure value of k, where UE receives DCI in slot n. It is sufficient for FDD operation, while may not efficiently use all possible UL slots with TDD operation, if slot n+k happens to be a DL slot. For TDD operation, 3-btis HARQ-ACK timing is more suitable to fully utilize all UL slots and balance the UCI payload over different UL slots. 
Proposal 3: In case of 0-bit HARQ-ACK timing for DCI format 1_1, UE shall transmit HARQ-ACK in slot n+k, where k is indicated by higher-layer parameter DL-data-DL-acknowledgement. 
2.4 HARQ-ACK feedback for DL SPS PDSCH   
In LTE, a TPC command for PUCCH field in a DCI format that indicates DL SPS activation shall be used as an index to one of the four PDCCH resource indices configured by higher layers. In NR, PUCCH resource indicator field is explicitly included in the DCI, it is desirable that the HARQ-ACK resource for DL SPS PDSCH is determined by PUCCH resource indicator field carried in the activation DCI.

Proposal 4: HARQ-ACK resource for DL SPS PDSCH is determined by PUCCH resource indicator field in the activation DCI.

For DL SPS PDSCH, the HARQ-ACK timing is derived by PDSCH-to-HARQ-timing-indicator field carried in the activation DCI. Upon detection of a DL SPS PDSCH in slot n, UE transmits HARQ-ACK in slot n+k when there is no contradicting semi-static DL/UL configuration, where k is given by the PDSCH-to-HARQ-timing-indicator field in the activation DCI. The open issue is UE behavior when slot n+k conflicts with semi-static DL/UL configuration and dynamic SFI.
Generally, the UE behavior should be similar as Type 2-grant free UL transmission since DL SPS operation is basically the same as Type-2 grant free UL. More specifically, for the first SPS PDSCH reception and its HARQ-ACK feedback after the activation, the UE behavior follows the grant-based UE specific data. UE is not expected to be scheduled in a slot conflicts with the direction indicated either by dynamic SFI or semi-static DL/UL configuration, and the scheduling can overwrite the ‘unknown’ symbols/slots indicated by dynamic SFI or semi-static DL/UL configuration. For the sub-sequent SPS PDSCH reception and HARQ-ACK feedback, it shall follow the procedure of periodic signals. UE is not expected to have conflicted direction with the direction indicated by semi-static DL/UL configuration, and SPS PDSCH reception or HARQ-ACK feedback can be cancelled by dynamic SFI.  
Proposal 5: When HARQ-ACK feedback in slot n+k is conflicted with semi-static DL/UL configuration or dynamic SFI, UE shall cancel HARQ-ACK transmission. 
3 Conclusions

This contribution considered aspects for HARQ management and feedback, and proposes the following. 
Proposal 1: For both slot-based and non-slot-based scheduling, UE processing capability #2 uses the following values.

	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	3
	5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	5.5
	5.5


1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

Proposal 2: NR Release-15 UE should support 16 maximum number of HARQ processes.
Proposal 3: In case of 0-bit HARQ-ACK timing for DCI format 1_1, UE shall transmit HARQ-ACK in slot n+k, where k is indicated by higher-layer parameter DL-data-DL-acknowledgement. 
Proposal 4: HARQ-ACK resource for DL SPS PDSCH is determined by PUCCH resource indicator field in the activation DCI.

Proposal 5: When HARQ-ACK feedback in slot n+k is conflicted with semi-static DL/UL configuration or dynamic SFI, UE shall cancel HARQ-ACK transmission. 
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