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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 1: Clarify the slot of PUCCH transmission occasion
In the current specification, according TS38.213 clause 9.1.3.3, when enhanced dynamic HARQ-ACK codebook is configured, UE generates two HARQ-ACK information for PUCCH occasions   and , respectively. The difference between these two PUCCH occasions is that the corresponding slots are indicated by DCIs with different values of PDSCH group index, i.e.,  and , respectively. Regarding a slot of PUCCH occasion , current specification already clearly describes how to determine the slot as follows:
Extract from clause 9.1.3.3 in the endorsed CR of TS 38.213 for R16 NR-U [1]:
Generate first HARQ-ACK information for PUCCH transmission occasion  in a slot, as described in Clause 9.1.3.1, where
-	the first HARQ-ACK information corresponds only to detections of DCI formats each providing a same value of , of , if any, and at least one of the DCI formats providing a value of  indicating the slot


However, the current specification is unclear about determining a slot of PUCCH occasion . Thus, it should be clarified how to determine the slot when UE generate the second HARQ-ACK information for it. 
Proposal 1: Text proposal 1 is adopted in TS38.213 clause 9.1.3.3 to clarify how to determine a slot of PUCCH occasion .
==================================Text Proposal 1 Starts======================================
9.1.3.3	Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission
*** Unchanged text is omitted ***
Set  to the value of a PDSCH-to-HARQ_feedback timing field, if any, in a DCI format providing a value of . If the DCI format does not include a PDSCH-to-HARQ_feedback timing field, set  to the value provided by dl-DataToUL-ACK
*** Unchanged text is omitted ***
Generate first HARQ-ACK information for PUCCH transmission occasion  in a slot, as described in Clause 9.1.3.1, where
-	the first HARQ-ACK information corresponds only to detections of DCI formats each providing a same value of , of , if any, and at least one of the DCI formats providing a value of  indicating the slot
-	at least one of the DCI formats provides a  value
-	 corresponds to a PDCCH monitoring occasion, where the UE detects a DCI format that provides a value of , that is the first PDCCH monitoring occasion after a PDCCH monitoring occasion where the UE detects another DCI format that provides a value different than 
If  or , generate second HARQ-ACK information for PUCCH transmission occasion  in a slot, as described in Clause 9.1.3.1, where
-	the second HARQ-ACK information corresponds to detections of DCI formats each providing a same value of , of , if any, and at least one of the DCI formats providing a value of  indicating the slot
-	at least one of the DCI formats provides a  value
-	 corresponds to a PDCCH monitoring occasion, where the UE detects a DCI format that provides a value of , that is the first PDCCH monitoring occasion after a PDCCH monitoring occasion where the UE detects another DCI format that provides a value different than 
-	the PUCCH transmission occasion  is a last one for multiplexing second HARQ-ACK information and it is not after PUCCH transmission occasion 
-	if , after the completion of the  and  loops for the pseudo-code for the second HARQ-ACK codebook generation in Clause 9.1.3.1, set  for both sub-codebooks, if any.
*** Unchanged text is omitted ***
================================== Text Proposal 1 Ends======================================

Issue 2 (Case 1 of Issue A9 in [2]): DCIs pointing to the same PUCCH occasion for different PDSCH groups by respective K1 values without setting q = 1 
In RAN1#99 meeting, RAN1 has the following agreement to handle the placement of two HARQ-ACK information when two PDSCH groups exists in the same HARQ-ACK feedback report:
Agreement in RAN1#99:
For enhanced dynamic HARQ-ACK codebook, when more than one PDSCH group exists in a HARQ-ACK feedback report, the placement of HARQ-ACK feedback for the two groups is ordered based on increasing group index.
· FFS: Further enhancement for the case when only T-DAI is configured only for one group.

According to the current specification, there are two possible scenarios that could make two PDSCH groups exist in the same HARQ-ACK feedback report. First, one DCI format 1_1 can request HARQ-ACK feedbacks for two PDSCH groups in a PUCCH occasion by setting the value of q = 1 in the number of requested PDSCH group(s) field in the DCI, and current specification in TS38.213 clause 9.1.3.3 already well captures corresponding UE behaviour.


Figure 1. DCIs schedule two PDSCH groups with respective K1 values indicating the same PUCCH occasion and the values of q = 0
Second, when DCIs schedule two PDSCH groups, irrespective of the values of q, they indicate the same PUCCH occasion according to respective K1 values. As the example shown in Figure 1, the DCIs scheduling the two PDSCH groups indicate the same PUCCH occasion in slot #n+6 according to respective K1 values, and UE has to multiplex the two HARQ-ACK information respectively generated for the two PDSCH groups in the same PUCCH occasion. Since the agreement in RAN1#99 meeting made for the placement of HARQ-ACK feedbacks for two groups doesn't exclude the second scenario. We believe that the corresponding 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 handle two PDSCH groups exist in the same HARQ-ACK feedback report.
==================================Text Proposal 2 Starts======================================
9.1.3.3	Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission
*** Unchanged text is omitted ***
If , the UE
includes only the first HARQ-ACK information for multiplexing in PUCCH transmission occasion 
elseif  or PUCCH transmission occasions  and  are indicated in a same slot
if g = 1
append the first HARQ-ACK information to the second HARQ-ACK information for multiplexing in PUCCH transmission occasion 
else
append the second HARQ-ACK information to the first HARQ-ACK information for multiplexing in PUCCH transmission occasion 
end if
end if
*** Unchanged text is omitted ***
================================== Text Proposal 2 Ends======================================


Issue 3: Handling of DCI format 1_2 when enhanced dynamic HARQ-ACK codebook is configured
In RAN1#100 meeting, the following agreement was made and a text proposal in [3] was adopted for handling non-numerical K1 value:
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.


According to the agreement, as mentioned in the note, there is an unsolved issue how to handle DCI format 1_2. The new DCI NRU-specific DCI fields introduced for enhanced dynamic HARQ-ACK codebook cannot be configured in DCI format 1_2. Thus, 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.
Proposal 3: When enhanced dynamic HARQ-ACK codebook is configured, reuse the mechanism specified for handling DCI format 1_0 to handle DCI format 1_2.

Issue 4 (Issue A7 in [2]): How is T-DAI in DCI 1_1 for the non-scheduled group interpreted when two sub-codebooks (for TB and CBG) are configured?
In a dynamic HARQ-ACK feedback report, if at least one serving cell is provided with PDSCH-CodeBlockGroup Transmission, UE will separately generate two sub-codebooks for TB-based HARQ-ACK feedback and CBG-based HARQ-ACK feedback, respectively. The C-DAI/D-DAI accumulations for these two sub-codebooks are independent. 
When enhanced dynamic HARQ-ACK codebook and NFI-TotalDAI-Included-r16 = enable are configured, there is a remaining issue how to interpret the value of T-DAI for the non-scheduled group (i.e., ), which is indicated by the 2 LSB bits of DAI field in DCI format 1_1 and used for generating the second HARQ-ACK information for the non-scheduled group, if at least one serving cell is provided with PDSCH-CodeBlockGroup Transmission. In current specification of TS38.213 clause 9.1.3.3, the value of T-DAI for the non-scheduled group is applied to both sub-codebooks. However, it is not aligned with R15 dynamic HARQ-ACK codebook design, where the values of DAI should be separately accumulated for the two sub-codebooks. In order to address this issue, there are two possible solutions:
· Solution 1: DAI field in DCI format 1_1 has 8 bits for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and with NFI-TotalDAI-Included-r16 = enable. The 4 MSB bits are the counter DAI and the total DAI for the scheduled PDSCH group. The 4 LSB bits are the total DAI for the non-scheduled PDSCH group, where two bits apply separately for each HARQ-ACK sub-codebook.
· Solution 2: DAI field in DCI format 1_1 has 6 bits for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and with NFI-TotalDAI-Included-r16 = enable. The 4 MSB bits are the counter DAI and the total DAI for the scheduled PDSCH group. The 2 LSB bits are the total DAI for the non-scheduled PDSCH group, which apply for the first HARQ-ACK sub-codebook.
· Solution 3: UE is not expected to be provided NFI-TotalDAI-Included-r16 = enable for enhanced dynamic HARQ-ACK codebook if at least one serving cell is provided with PDSCH-CodeBlockGroupTransmission.
In order to bring the benefit from the additional T-DAI for the non-scheduled group into enhanced dynamic HARQ-ACK codebook no matter one or two sub-codebooks exist in the second HARQ-ACK information, we prefer solution 1 with two additional bits in DAI field in DCI format 1_1.
Proposal 4: DAI field in DCI format 1_1 has 8 bits for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and with NFI-TotalDAI-Included-r16 = enable. The 4 MSB bits are the counter DAI and the total DAI for the scheduled PDSCH group. The 4 LSB bits are the total DAI for the non-scheduled PDSCH group, where two bits apply separately for each HARQ-ACK sub-codebook.
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:

Proposal 1: Text proposal 1 is adopted in TS38.213 clause 9.1.3.3 to clarify how to determine a slot of PUCCH occasion .
Proposal 2: Text proposal 2 is adopted in TS38.213 clause 9.1.3.3 to complete UE behavior to handle two PDSCH groups exist in the same HARQ-ACK feedback report.
Proposal 3: When enhanced dynamic HARQ-ACK codebook is configured, reuse the mechanism specified for handling DCI format 1_0 to handle DCI format 1_2.
Proposal 4: DAI field in DCI format 1_1 has 8 bits for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and with NFI-TotalDAI-Included-r16 = enable. The 4 MSB bits are the counter DAI and the total DAI for the scheduled PDSCH group. The 4 LSB bits are the total DAI for the non-scheduled PDSCH group, where two bits apply separately for each HARQ-ACK sub-codebook.
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