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1 Introduction
In RAN1 NR #91 meeting [1], the following agreements were made for HARQ-ACK feedback:
Agreements:

· 3-bit are used to indicate K1 slot-timing in DCI

· RRC configures the set of values to be indexed by these bits to determine K1

· These values are not slot index dependent

· Each value is represented by 4-bit (i.e., up to 16 different values)

Agreements:

· For semi-static HARQ-ACK codebook, support

· DL association set is determined based on the configured set of HARQ-ACK timings, where the HARQ-ACK payload is ordered based on DL time index

· There is no DAI in DL grants

Conclusion:

· No consensus to introduce CBG-level DAI in DCI in Rel-15

Agreements:

· Generate 2 HARQ-ACK sub-codebooks (sub-CBs) 

· First sub-CB is for transmissions with TB-based HARQ-ACK, second sub-CB is for transmissions with CBG-based HARQ-ACK

· The sub-CBs are combined in a single HARQ-ACK codebook (sub-CB for TB-based HARQ-ACK is placed first)

· No additional reliability enhancements

This contribution mainly discusses the open issues for NR HARQ-ACK feedback in non-CA case. The open issues for NR HARQ-ACK feedback in CA case are discussed in [2].
2 DL DAI design
According to TS38.212 [3], the bit width of DAI field in DCI format 1_1 is 4 bits if dynamic HARQ-ACK codebook is configured including 2-bit counter DAI and 2-bit total DAI. For single cell operation in NR, counter DAI and total DAI are equivalent according to the current definition in TS 38.213 [4], hence the total DAI is redundant. It is proposed that only counter DAI is included in DCI format 1_1 for a UE configured with single carrier.
For semi-static HARQ-ACK codebook, the agreement is that there is no DAI in DL grants. We think it should be applied to non-fallback DCI only. For fallback DCI in common search space, it is possible that it will be used when dynamic codebook is configured to a UE. Then C-DAI should be included in DCI otherwise the number of PDSCHs scheduled by fallback DCI in common search space for which the UE transmits a corresponding HARQ-ACK codebook in a same PUCCH or PUSCH cannot be determined by the UE. On the other hand it is not clear whether fallback DCI mapped to the UE-specific search space is really needed in NR. This topic is discussed in a related contribution [5].

Proposal 1: For a UE configured with single carrier and dynamic HARQ-ACK codebook, 2 bits C-DAI and no T-DAI is included in the DL non-fallback DCI.
Proposal 2: For a UE configured with single carrier, 2 bits C-DAI is included in the DL fallback DCI when mapped to the CSS.

3 HARQ timing indication
It was agreed that 3 bits are used to indicate K1 slot-timing in DCI and RRC configures the set of values to be indexed by these bits to determine K1. In the current version of TS 38.331, the following parameters are defined for HARQ timing configuration:

dl-data-to-UL-ACK                   SEQUENCE (SIZE (8)) OF SEQUENCE {

            -- Timiing for given PDSCH to the DL ACK

            -- Corresponds to L1 parameter 'Slot-timing-value-K1' (see 38.213, section FFS_Section)

            slotTimingValueK1               INTEGER (0..15)                                                          OPTIONAL
It is not clear from the RAN1 agreement whether slotTimingValueK1 provides the actual value of K1 or an  index to a table of K1 values. If it is a table, it is preferable that it is defined in the physical layer specifications from a forward compatibility perspective. Thus, if the values need to be modified in a future release due to new use cases, RRC does not have to be impacted. For example, we can have the following table for slotTimingValueK1 in TS 38.213:

Table 1: Value range of slotTimingValueK1
	slotTimingValueK1 in RRC
	PDSCH-to-HARQ_feedback timing

	0000
	0

	0001
	1

	0010
	2

	0011
	3

	0100
	4

	0101
	5

	0110
	6

	0111
	7

	1000
	8

	1001
	9

	1010
	10

	1011
	11

	1100
	12

	1101
	13

	1110
	14

	1111
	15


Proposal 3: Define the value range of slotTimingValueK1 in TS 38.213.

Fixed timing (i.e. no timing field in DCI) can be defined for semi-static configuration of the DL-UL resource partition in NR. A typical use case may be FDD or some TDD scenarios such as a macro-cell deployment. However, even in these cases some flexibility in timing can still be beneficial to provide differentiated service to users with advanced processing capabilities. 
When the set of HARQ timing values has not been configured such as during initial access or during an RRC reconfiguration period, the set of HARQ feedback timing is unknown to a UE. In this case, at least one default HARQ timing value may be specified based on a worst case processing time across all UEs. This fixed timing value may be mapped to a default code-point of the HARQ timing field in the DCI. This approach ensures that there is no ambiguity during an RRC reconfiguration period. 
Proposal 4: A default HARQ timing value can be predefined based on the UE minimum processing time (N1) and mapped to one of a set of values that can be indicated by a HARQ timing field in a DCI scheduling a DL assignment.
4 HARQ-ACK codebook
For the serving cell with CBG-DL = ON and when a PDSCH is scheduled by PDCCH using fallback DCI, it was agreed that TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing. For the case with HARQ-ACK multiplexing, if we also use TB level HARQ-ACK feedback for the PDSCH scheduled by PDCCH using fallback DCI, there will be misalignment on the HARQ-ACK codebook size between gNB and UE if UE missed the fallback DCI. Hence, for the PDSCH scheduled by PDCCH using fallback DCI, CBG level HARQ-ACK feedback should be used for the case with HARQ-ACK multiplexing. 
Proposal 5: When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, CBG level HARQ-ACK feedback should be used for the case with HARQ-ACK multiplexing.

For PDSCH scheduling in NR, four scheduling timing values are supported including same-slot and cross-slot scheduling. There were no agreements whether a gNB can transmit more than one PDCCH scheduling PDSCH in different slots in one PDCCH monitoring occasion. One possible use case is for UE energy saving as the number of PDCCH blind detections may be reduced when the UE is not configured to monitor the PDCCH in every DL slot. Another possible use case is that when two carriers are configured with different DL/UL assignment and cross-carrier scheduling is used, more DL slots can be scheduled if gNB could transmit more than one PDCCH scheduling PDSCH in different slots. Hence, we consider that it is a possible scenario that may be supported.
The issue is how we determine the HARQ-ACK codebook in case of multiple PDCCHs in one PDCCH monitoring occasion which schedule different PDSCHs. As the example in the following figure, there is one PDCCH monitoring occasion in every two slots, the two PDCCHs in slot k schedule PDSCH in slot k+2 and slot k+3 respectively. 
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Per TS 38.213 if Type1 (semi-static) HARQ-ACK codebook is configured, the UE determines the HARQ-ACK codebook size based on the number 
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 of PDCCH monitoring occasion(s) for PDCCH with DCI format 1_0 or DCI format 1_1, for which the UE transmits a corresponding HARQ-ACK codebook in a same PUCCH or PUSCH. Given the preceding discussion, the maximum number of PDCCHs scheduling PDSCH that can be transmitted in one PDCCH monitoring occasion should also be taken into account when computing the codebook size. 

If dynamic codebook is used, the definition of C-DAI and T-DAI (if present) should also consider the number of PDCCHs transmitted in one carrier and one PDCCH monitoring occasion. 
Proposal 6: If multiple PDSCHs in different slots can be scheduled by PDCCHs transmitted in the same PDCCH monitoring occasion, the HARQ-ACK codebook determination in TS 38.213 should be modified accordingly.

5 Conclusion
This contribution discussed the related issues for NR HARQ-ACK feedback operation. Our proposals are summarized as follows: 
Proposal 1: For a UE configured with single carrier and dynamic HARQ-ACK codebook, 2 bits C-DAI and no T-DAI is included in the DL non-fallback DCI.
Proposal 2: For a UE configured with single carrier, 2 bits C-DAI is included in the DL fallback DCI when mapped to the CSS.
Proposal 3: Define the value range of slotTimingValueK1 in TS 38.213.

Proposal 4: A default HARQ timing value can be predefined based on the UE minimum processing time (N1) and mapped to one of a set of values that can be indicated by a HARQ timing field in a DCI scheduling a DL assignment.
Proposal 5: When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, CBG level HARQ-ACK feedback should be used for the case with HARQ-ACK multiplexing.

Proposal 6: If multiple PDSCHs in different slots can be scheduled by PDCCHs transmitted in the same PDCCH monitoring occasion, the HARQ-ACK codebook determination in TS 38.213 should be modified accordingly.
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