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Introduction 
In this contribution, we discuss the remaining issues on HARQ operation for NR-U and provide text proposals to the latest version of the R16 NR-U specifications.
Remaining issues on (enhanced) dynamic HARQ-ACK codebook
Issue A13: Compatibility of NR-U HARQ design and Rel-16 URLLC enhancements
In RAN1#100b e-meeting, some issues related to the case when URLLC HARQ feature is configured together with any of NR-U HARQ features for dynamic HARQ-ACK codebook, such as inapplicable K1 value and enhanced dynamic HARQ-ACK codebook, are identified in FL summary [1], and these issues are planned to be discussed in RAN1#101 e-meeting.
R16 URLLC introduces two independent HARQ-ACK codebooks with different priority indexes (0 and 1) and UE generates each HARQ-ACK codebook for DL DCIs indicating one of the priority indexes, respectively. When two PUCCHs for the two HARQ-ACK codebooks with different priority indexes overlap in time domain, the PUCCHs with higher priority index will be transmitted and the PUCCH with lower priority index will be dropped.
Extracted from TS38.213 [2] clause 9 UE procedure for reporting control information
A PUSCH or a PUCCH, including repetitions if any, can be of priority index 0 or of priority index 1. If a priority index is not provided for a PUSCH or a PUCCH, the priority index is 0. If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. If, after resolving overlapping for PUCCH and/or PUSCH transmissions of a same priority index, a UE determines to transmit
-	a first PUCCH of larger priority index, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE does not transmit the PUSCH or the second PUCCH
-	a PUSCH of larger priority index, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE does not transmit the PUCCH 
-	a first PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format 
In the remaining of this Clause, a UE multiplexes UCIs with same priority index in a PUCCH or a PUSCH. A PUCCH or a PUSCH is assumed to have a same priority index as a priority index of UCIs a UE multiplexes in the PUCCH or the PUSCH.


Extracted from TS38.213 [2] clause 9.1 HARQ-ACK codebook determination
If a UE is provided pdsch-HARQ-ACK-Codebook-List, the UE can be indicated by pdsch-HARQ-ACK-Codebook-List to generate one or two HARQ-ACK codebooks. If the UE is indicated to generate two HARQ-ACK codebooks
-	a first HARQ-ACK codebook is associated with a PUCCH of priority index 0 and a second HARQ-ACK codebook is associated with a PUCCH of priority index 1
-	the UE is provided first and second for each of {PUCCH-Config, UCI-OnPUSCH, PDSCH-codeBlockGroupTransmission} by {PUCCHConfigurationList, UCI-OnPUSCH-List, PDSCH-CodeBlockGroupTransmission-List}, respectively, for use with the first and second HARQ-ACK codebooks, respectively
If a UE receives a PDSCH without receiving a corresponding PDCCH, or if the UE receives a PDCCH indicating a SPS PDSCH release, the UE generates one corresponding HARQ-ACK information bit. If the UE generates two HARQ-ACK codebooks, the UE is indicated by harq-CodebookID, per SPS PDSCH configuration, a HARQ-ACK codebook index for multiplexing the corresponding HARQ-ACK information bit.
In the remaining of this Clause, reference is to one HARQ-ACK codebook.



· Enhanced dynamic HARQ-ACK codebook
According to current specification in TS38.213 [2], when enhanced dynamic HARQ-ACK codebook is configured for a UE and the UE is indicated to generate two HARQ-ACK codebooks by pdsch-HARQ-ACK-Codebook-List, UE will maintain two PDSCH groups and generate HARQ-ACK information according to clause 9.1.3.3 for each of the HARQ-ACK codebooks, respectively.
Observation 1: When a UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16 and the UE is indicated to generate two HARQ-ACK codebooks by pdsch-HARQ-ACK-Codebook-List, current specification supports UE to maintain two PDSCH groups and generate HARQ-ACK information according to clause 9.1.3.3 for each of the HARQ-ACK codebooks, respectively. 

· Handling of DCI format 1_2 without NRU-specific DCI fields
In RAN1#100 meeting, the following agreement was made [3]:
Agreement in RAN1#100:
· TP#1 for TS 38.213 Clause 9.1.3 is agreed with the square brackets
· Note: the use of DCI Format 1_2 was not discussed in the NR-U WI. Both DCI Format 1_1 and DCI Format 1_2 are non-fallback DCIs, but NR-U agreements on non-fallback DCI often relied on the presence of NRU-specific DCI fields that cannot be configured in DCI Format 1_2 in the case of configuration with enhanced type-2 codebook. Therefore the specifications may still require revisions in text using the presence/absence of NR-U fields as a condition for qualifying a DCI format as non-fallback or fallback, if this leaves some uncertainty for the gNB to understand the UE behavior when the implicit reference could be understood as DCI Format 1_2 instead of DCI Format 1_0 or DCI Format 1_1.


As mentioned in the note of the agreement, there is an unsolved issue how to handle DCI format 1_2 when enhanced dynamic HARQ-ACK codebook is configured since NRU-specific DCI fields introduced for enhanced dynamic HARQ-ACK codebook cannot be configured in DCI format 1_2., and the issues are not limited in handling of inapplicable K1 value. In our view, the mechanism we have agreed for handling DCI format 1_0 can be reused for handling DCI format 1_2 since RAN1 already defines a complete behavior when UE detects a DCI without presence of those NRU-specific DCI fields in format 1_0.

Table 1: Capability of Different DL DCI Formats
	                          PDSCH Group Index
URLLC Priority
	Group 0
	Group 1

	Priority index 0
	DCI 1_0, DCI 1_1, DCI 1_2
	DCI 1_1

	Priority index 1
	DCI 1_1, DCI 1_2
	DCI 1_1



Proposal 1: When enhanced dynamic HARQ-ACK codebook is configured, reuse the mechanism specified for handling DCI format 1_0 to handle DCI format 1_2.

· Handling of DCI format with inapplicable K1 value

On handling of DCI format with inapplicable K1 value, UE may multiplex the HARQ-ACK information corresponding to a first DCI format indicating an inapplicable K1 value in a PUCCH that is indicated by an applicable value in a second DCI format. According to current specification, UE only multiplexes UCIs with the same priority index in a PUCCH or PUSCH, and multiplexing procedure is behaved independently for each HARQ-ACK codebook that is associated with a PUCCH with one of the priority indexes. Thus, it is pretty clear that UE multiplexes the HARQ-ACK information corresponding to the first DCI format only when the second DCI format indicates a PUCCH with the same priority index. 
Observation 2: If a UE receives a first DCI providing an inapplicable K1 value, and the UE detects a second DCI indicates a slot of PUCCH or PUSCH transmission by an applicable K1 value, it is clear in current specification that UE only multiplexes the corresponding HARQ-ACK information in the PUCCH or PUSCH transmission of a same priority index indicated by the first DCI, if applicable.

DCI format 1_0 indicating a SPS PDSCH release in enhanced dynamic HARQ-ACK codebook
In current specification of enhanced dynamic HARQ-ACK codebook, the behavior of handling DCI format 1_0 is defined as follows:
Extracted from CR for TS38.213 [4] clause 9.1.3.3 Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission
If a UE detects DCI formats with respective PDSCH-to-HARQ_feedback timing field values indicating a same PUCCH transmission occasion and none of the DCI formats that the UE detects after a last PUCCH transmission occasion for  includes a New_Feedback indicator field for , and at least one of the DCI formats is DCI format 1_0, the UE generates HARQ-ACK information only for PDSCH receptions scheduled by detections of DCI format 1_0, as described in Clause 9.1.3.1 or 9.1.3.2 for multiplexing in the PUCCH transmission occasion.
If a DCI format indicating a slot for a PUCCH transmission occasion does not include a New_Feedback indicator field, a PDSCH reception scheduled by the DCI format is associated with PDSCH group 0 and a value of h(g) associated with the DCI format is set only if h(g) is provided by another DCI format that provides a value of h(g) for PDSCH group 0 and indicates the slot for the PUCCH transmission occasion.


In NR, DCI format 1_0 is possible to be used for indicating a DL SPS release. However, if UE detects a DCI format 1_0 indicating a DL SPS release, it is not clear in current specification how UE handle the DCI format 1_0 since only defines behavior for PDSCH reception scheduled by DCI format 1_0. We believe that the missing UE behaviour should be also completed in TS38.213 clause 9.1.3.3.
Proposal 2: Text proposal 2 is adopted in TS38.213 clause 9.1.3.3 to complete UE behavior to DCI format 1_0 indicating a SPS PDSCH release in enhanced dynamic HARQ-ACK codebook.
==================================Text Proposal 2 Starts======================================
9.1.3.3	Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission
*** Unchanged text is omitted ***
If a UE detects DCI formats with respective PDSCH-to-HARQ_feedback timing field values indicating a same PUCCH transmission occasion and none of the DCI formats that the UE detects after a last PUCCH transmission occasion for  includes a New_Feedback indicator field for , and at least one of the DCI formats is DCI format 1_0, the UE generates HARQ-ACK information only for PDSCH receptions scheduled by detections of DCI format 1_0 and SPS PDSCH releases indicated by detections of DCI format 1_0 by detections of DCI format, as described in Clause 9.1.3.1 or 9.1.3.2 for multiplexing in the PUCCH transmission occasion.
If a DCI format indicating a slot for a PUCCH transmission occasion does not include a New_Feedback indicator field, a PDSCH reception scheduled by the DCI format or a SPS PDSCH release indicated by the DCI format is associated with PDSCH group 0 and a value of h(g) associated with the DCI format is set only if h(g) is provided by another DCI format that provides a value of h(g) for PDSCH group 0 and indicates the slot for the PUCCH transmission occasion.
*** Unchanged text is omitted ***
================================== Text Proposal 2 Ends======================================
Conclusion
In this contribution, the remaining issues on HARQ operation for NR-U were discussed. Based on the discussion in the previous sections, we made the following proposals:

Observation 1: When a UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16 and the UE is indicated to generate two HARQ-ACK codebooks by pdsch-HARQ-ACK-Codebook-List, current specification supports UE to maintain two PDSCH groups and generate HARQ-ACK information according to clause 9.1.3.3 for each of the HARQ-ACK codebooks, respectively. 
Proposal 1: When enhanced dynamic HARQ-ACK codebook is configured, reuse the mechanism specified for handling DCI format 1_0 to handle DCI format 1_2.
Observation 2: If a UE receives a first DCI providing an inapplicable K1 value, and the UE detects a second DCI indicates a slot of PUCCH or PUSCH transmission by an applicable K1 value, it is clear in current specification that UE only multiplexes the corresponding HARQ-ACK information in the PUCCH or PUSCH transmission of a same priority index indicated by the first DCI, if applicable.
Proposal 2: Text proposal 2 is adopted in TS38.213 clause 9.1.3.3 to complete UE behavior to DCI format 1_0 indicating a SPS PDSCH release in enhanced dynamic HARQ-ACK codebook.
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