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Regarding on PDSCH to HARQ-ACK timing, following is captured in TS38.213 V2.0.0.
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A UE may transmit one or more PUCCHs on a serving cell in different symbols within a slot of  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 , the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot , where  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 , the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot .

Table 9.2.1-1: Mapping of PDSCH-to-HARQ_feedback timing indicator  field values to numbers of slots
	PDSCH-to-HARQ_feedback timing indicator 
	
Number of slots 

	'000'
	1st value provided by DL-data-DL-acknowledgement

	'001'
	2nd value provided by DL-data-DL-acknowledgement

	'010'
	3rd value provided by DL-data-DL-acknowledgement

	'011'
	4th value provided by DL-data-DL-acknowledgement

	'100'
	5th value provided by DL-data-DL-acknowledgement

	'101'
	6th value provided by DL-data-DL-acknowledgement

	'110'
	7th value provided by DL-data-DL-acknowledgement

	'111'
	8th value provided by DL-data-DL-acknowledgement



However, there are still remaining issues to be addressed for UE to determine PDSCH to HARQ-ACK timing for the following scenarios. In this contribution, the potential solutions for the following scenarios are discussed. 
1) PDSCH to HARQ-ACK timing for DL SPS PDSCH
2) Default PDSCH to HARQ-ACK timing in TDD 
3) DAI fields for fallback DCI
2. Discussions 
2.1 PDSCH to HARQ-ACK timing for DL SPS PDSCH
DL SPS PDSCH transmission follows the pre-configured scheduling and does not have an associated DL grant, in this case the PDSCH to HARQ-ACK timing cannot be determined based on the PDSCH-to-HARQ-timing-indicator field which is carried in the DL grant for the dynamic PDSCH scheduling case. To determine the PDSCH to HARQ-ACK timing, several potential solutions can be considered. Here we assume the DL SPS PDSCH is detected in slot n. 
· Option 1: Upon detection of a DL SPS PDSCH in slot n, UE transmits HARQ-ACK in slot n+k , where k is a predefined timing offset value. For example, similarly as what is specified for PDSCH to HARQ-ACK timing relation when the timing indication field is not available in the DL grant, k can be equal to 4. 
· Option 2: Upon detection of a DL SPS PDSCH in slot n, UE transmits HARQ-ACK in slot n+k, where k is a RRC configured timing offset value. This option provides some configurability to the timing relation but requires additional RRC configuration.
· Option 3: Upon detection of a DL SPS PDSCH in slot n, UE transmits HARQ-ACK in slot n+k, where k is given by the PDSCH-to-HARQ-timing-indicator field carried in the activation DCI for the DL SPS process. 
Proposal 1: 
· Upon detection of a DL SPS PDSCH in slot n, UE transmits HARQ-ACK in slot n+k, where k is given by the PDSCH-to-HARQ-timing-indicator field carried in the activation DCI for the DL SPS process.
2.2 Default PDSCH to HARQ-ACK timing in TDD
It has been captured that in case the PDSCH-to-HARQ-timing-indicator field is not available in DCI grant, the default timing relation between PDSCH and HARQ-ACK is 4 slots. This applies to both scenarios, PDSCH transmission before RRC connection, or after RRC connection but PDSCH-to-HARQ-timing-indicator field is not configured in the DCI. For FDD, the current specification works well as there is always available UL resource in slot n+4. Similarly as FDD, the default timing should be applied for TDD at least for PDSCH transmission before RRC connection, e.g. RACH message 4. In addition, as discussed in several contributions [2][3][4], in semi-static TDD network deployment, the HARQ timing is likely to be semi-static, thus the PDSCH-to-HARQ-timing-indicator field in DCI can be disabled to reduce the control overhead and to extend coverage. However, in both cases, the availability of UL resource in n+4 is not always guaranteed in TDD thus additional solution is required. 
For PDSCH transmission before RRC connection in TDD, the timing relation between PDSCH and HARQ-ACK can be either fixed, e.g. k=4 slots, or configured by RMSI. In either case, network scheduling shall guarantee that the for PDSCH transmitted in slot n, the slot n+k should be available for the HARQ-ACK transmission. Since the UE may not even know the exact slot-format for slot n+k, if the semi-static UL-DL configuration is carried in OSI, UE can only follows the above timing to determine the HARQ-ACK transmission occasion. 
After RRC connection, if semi-static TDD configuration is available (i.e. semi-static TDD network operation), UE upon detection of PDSCH in slot n, can obtain the slot format of slot n+k according to the semi-static TDD configuration. Afterwards, UE should transmit the HARQ-ACK at the first available slot starting from slot n+k, where the available slot is defined such that
· The slot has at least contains unknown or UL symbols given by semi-static TDD configuration
· The PUCCH (starting symbol, duration, format) indicated by ARI field in DL grant can be transmitted within the indicated unknown or UL symbols
Here, the k can be either fixed in specification (e.g. k=4), or configured by RRC. The latter may provide some benefit in HARQ-ACK load balancing when multiple slots can be available for HARQ-ACK transmission. 
For dynamic TDD operation, e.g. semi-static TDD configuration is not available, or both semi-static TDD configuration and dynamic SFI is configured for the UE, the dynamic PDSCH to HARQ-ACK timing relation is useful thus it not preferred to operate without PDSCH-to-HARQ-timing-indicator field in DCI. 
Proposal 2: 
· For PDSCH transmission before RRC connection in TDD, the timing relation between PDSCH and HARQ-ACK can be either fixed, e.g. k=4 slots, or configured by RMSI.
Proposal 3: 
· After RRC connection, if semi-static TDD configuration is available (i.e. semi-static TDD network operation), UE upon detection of PDSCH in slot n,  should transmit the HARQ-ACK at the first available slot starting from slot n+k, where the available slot is defined such that
· The slot at least contains unknown or UL symbols given by semi-static TDD configuration
· The PUCCH (starting symbol, duration, format) indicated by ARI field in DL grant can be transmitted within the indicated unknown or UL symbols
· The k can be either fixed in specification (e.g. k=4), or configured by RRC.
2.3 DAI fields for fallback DCI
In current specification TS38.212, the DAI field in DL fallback DCI format 1_0 is always 2bits, irrespective to the higher layer configuration of semi-static or dynamic HARQ-ACK codebook, this could remove the DCI size ambiguity during the RRC reconfiguration. However, it is not specified how to use the 2bits DCI field, i.e. whether to interpret it as counter DAI, or total DAI. 
In case of semi-static HARQ-ACK codebook, the 2bits DAI in fallback DCI is not useful as time-domain bundling is not supported and the HARQ-ACK codebook is not dependent on the number of scheduled PDSCHs in the association set. In case of dynamic HARQ-ACK codebook, it is preferred to use the 2bits DAI as counter DAI which can be used to indicate the HARQ-ACK bit order in the codebook. Although the “issue of last grant missing” in the association set would happen but the impact can be handled by gNB scheduling, e.g. increase the reliability of the last PDCCH. Alternatively, one regular DCI can be used to schedule PDSCH during the association set to provide the total DAI to UE. 
Proposal 4:
· DCI format 1_0 (fallback DCI) only includes 2-bit counter DAI.
3. Conclusion
This contribution discussed the remaining issues for HARQ management in NR. 

Proposal 1: 
· Upon detection of a DL SPS PDSCH in slot n, UE transmits HARQ-ACK in slot n+k, where k is given by the PDSCH-to-HARQ-timing-indicator field carried in the activation DCI for the DL SPS process.
Proposal 2: 
· For PDSCH transmission before RRC connection in TDD, the timing relation between PDSCH and HARQ-ACK can be either fixed, e.g. k=4 slots, or configured by RMSI.
Proposal 3: 
· After RRC connection, if semi-static TDD configuration is available (i.e. semi-static TDD network operation), UE upon detection of PDSCH in slot n,  should transmit the HARQ-ACK at the first available slot starting from slot n+k, where the available slot is defined such that
· [bookmark: _GoBack]The slot at least contains unknown or UL symbols given by semi-static TDD configuration
· The PUCCH (starting symbol, duration, format) indicated by ARI field in DL grant can be transmitted within the indicated unknown or UL symbols
· The k can be either fixed in specification (e.g. k=4), or configured by RRC.
Proposal 4:
· DCI format 1_0 (fallback DCI) only includes 2-bit counter DAI.
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