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1. Introduction

In the previous RAN1 meetings, the following agreements for HARQ management have been made:

Agreements:

· The timing between DL data transmission and acknowledgement is determined based on 0 or [2] bits in DCI 

· For both slot and non-slot scheduling, the timing provides the indication to determine the slot and the symbol(s) for the HARQ-ACK transmission

· In case of [2]-bits, FFS the actual set of values for slot-based scheduling and non-slot based scheduling, respectively

· In case of 0-bit, FFS how to determine the single timing (e.g., UE capability dependent, whether or not to have RRC configuration, the interactions with different cases (e.g., initial access), etc.)

· FFS whether or not to have separate information fields or a same information field for HARQ-ACK resource determation and HARQ-timing determination
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)

The UE procedure for reporting HARQ-ACK is specified in TS 38.213 as following:

A UE may transmit one or more PUCCHs on a serving cell in different symbols within a slot of 
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 symbols as defined in [4, TS 38.211]. With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 that includes a PDSCH-to-HARQ-timing-indicator field [5, TS 38.212] and schedules a PDSCH reception or DL SPS release over a number of symbols where the last symbol is within slot 
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, the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot 
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 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format. The PDSCH-to-HARQ-timing-indicator field values map to values for a number of slots indicated by higher layer parameter DL-data-DL-acknowledgement as defined in Table 9.2.1-1 from a set of number of slots provided by higher layer parameter Slot-timing-value-K1. If the UE detects a DCI format that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception over a number of symbols where the last symbol is within slot 
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From above we can see that the behaviour for UE reporting HARQ-ACK in case of 0-bit PDSCH-to-HARQ-timing-indicator field in DCI is not clear. It is described in TS 38.213 that the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot n-k+4, but no agreement has been achieved to support such default behaviour. In addition, currently we have not specify the timing behaviour during initial access, i.e., before RRC configuration has been configured. In this contribution, we will discuss the UE behaviour for reporting HARQ-ACK when a PDSCH-to-HARQ-timing-indicator field is not included in DCI format, and the UE behaviour before RRC configuration has been configured.
2. Discussion on HARQ-ACK reporting without DCI indication
It is necessary to differentiate the situations for FDD and TDD when there is no DCI indication for HARQ timing. 
1) For FDD, we suppose the single timing determination for initial access can be achieved in the following two ways: 

· Alt1: the single timing can be fixed in spec as which have been described in the current spec. But the value of ‘K2’ needs to be determined based on the UE capability, considering different numerologies and different transmission configuration. Based on the agreed UE Capability #1, it seems that K2=3 can match the UE capabilities under all the considered numerologies as copied below.
Table I: UE processing capability #1
	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


· Alt2: Considering the different frequency band and different DMRS configuration can be applied by the gNB, it is possible to allow the configuration of the timing by RMSI, to achieve flexibilities and reduce the HARQ timing when necessary. 
To allow for the flexibility for HARQ timing configuration when no DCI indication, it is recommended to configure the fixed value of timing K2 in RMSI, the value candidates that can be configured needs to be no smaller than the UE processing capability #1.

Proposal 1: For FDD, configure the fixed value of timing K2 in RMSI, the value candidates that can be configured needs to be no smaller than the UE processing capability #1.
For TDD NR operation, semi-static UL/DL configuration is supported in order to improve the scheduling flexibility. The slot format is determined according to the cell-specific configuration and UE-specific configuration as well as dynamic SFI. For example, it can be seen in Figure.1 that within a configured periodicity (e.g., 10 slots), some slots adopt fixed DL transmission direction, and other slots adopt fixed UL transmission direction, while the remaining slots (a.k.a. dynamic slots) can dynamically change their transmission direction. 
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Figure 1: semi-static UL/DL configuration

For purpose that DCI overhead reduction, we prefer that the 0-bit HARQ-ACK timing-indicator field case is also supported with semi-static UL/DL configuration. However, unlike TD-LTE, the HARQ-ACK timing for each slot can be pre-determined since the slot format is fixed. In NR semi-static UL/DL configuration, the single timing for HARQ-ACK feedback also need configuration due to the existence of dynamic slot. In case of initial access, RRC signalling is not available, so the single HARQ-ACK timing can be configured via RMSI. Different from FDD, these configured values should be slot index dependent. We can take Figure.2 as an example, the periodicity of the semi-static UL/DL configuration is 10 slots, considering the timing pattern for the downlink slots, the value of K1 could be explicitly configured as {7,6,6,5,5,4} via RMSI.
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Figure 2: HARQ-ACK timing design 
Proposal 2: The case that DCI format does not include a PDSCH-to-HARQ-timing-indicator field is supported for TDD NR with semi-static UL/DL configuration. The single PDSCH-to-HARQ-timing value for initial access can be configured via RMSI, and these values are slot index dependent.
Sometimes the feedback flexibility may outweigh DCI overhead, or the 0-bit HARQ-ACK-timing-indicator field case is not supported, in these cases for TDD, we prefer that a set of timing values can be configured via RMSI and the corresponding DCI field will provide an index into the value set. Specifically, these values configured via RMSI can be slot index independent.
Proposal 3: In case that the HARQ-ACK-timing-indicator field is included in DCI during initial access, a value set for HARQ-ACK-timing-indicator which are not slot index dependent can be configured via RMSI for initial access and corresponding DCI field will provide an index into the value set.
Based on the above discussion, the UE procedure for reporting HARQ-ACK [TS 38.213 9.2.3] can be modified as follows:
<Start of text proposal>
9.2.3
UE procedure for reporting HARQ-ACK
A UE may transmit one or more PUCCHs on a serving cell in different symbols within a slot of 
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 symbols as defined in [4, TS 38.211]. With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 that includes a PDSCH-to-HARQ-timing-indicator field [5, TS 38.212] and schedules a PDSCH reception or DL SPS release over a number of symbols where the last symbol is within slot 
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 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format. The PDSCH-to-HARQ-timing-indicator field values map to values for a number of slots indicated by higher layer parameter DL-data-DL-acknowledgement as defined in Table 9.2.1-1 from a set of number of slots provided by higher layer parameter Slot-timing-value-K1. If the UE detects a DCI format that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception over a number of symbols where the last symbol is within slot 
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, where k0 is indicated by RMSI and value of k0 can be slot-dependent.
<End of text proposal>
 Conclusions 
In this contribution, the remaining issues for UE procedure of reporting HARQ-ACK is discussed, and the following proposals are made:
Proposal 1: For FDD, configure the fixed value of timing K2 in RMSI, the value candidates that can be configured needs to be no smaller than the UE processing capability #1.
Proposal 2: The case that DCI format does not include a PDSCH-to-HARQ-timing-indicator field is supported for TDD NR with semi-static UL/DL configuration. The single PDSCH-to-HARQ-timing value for initial access can be configured via RMSI, and these values are slot index dependent.
Proposal 3: In case that the HARQ-ACK-timing-indicator field is included in DCI during initial access, a value set for HARQ-ACK-timing-indicator which are not slot index dependent can be configured via RMSI for initial access and corresponding DCI field will provide an index into the value set.
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