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Introduction 
In this contribution, we discuss remaining issues on enhancements to HARQ for NR-U operation and corrections to the latest version of the R16 NR-U specifications.
Discussion
Remaining issues on enhanced dynamic HARQ-ACK codebook
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.
Agreement in RAN1#99:
For enhanced dynamic HARQ-ACK codebook, the number of requested groups is indicated in DCI 1_1 by one bit, indicating “0” for only the scheduled group, and “1” for both groups.


When enhanced dynamic HARQ-ACK codebook is configured, one DCI with format 1_1 can request HARQ-ACK feedbacks for two PDSCH groups in a PUCCH occasion according the request field (RQ = 1) in the DCI, and the placement of HARQ-ACK feedbacks for the two PDSCH groups is ordered based on increasing group index. Endorsed CR of TS 38.213 for R16 NR-U [1] already captures corresponding UE behaviour. However, even the DCI doesn't request feedback for two PDSCH (RQ = 0), a single PUCCH occasion is still possible to include HARQ-ACK feedbacks for the two PDSCH groups. 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 include the HARQ-ACK information respectively generated for the two PDSCH groups in the same PUCCH occasion. In this case, the agreement in RAN1#99 meeting made for the placement of HARQ-ACK feedbacks for two groups is still applicable. We believe that the corresponding UE behaviour should be also captured in 9.1.3.3 Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission in TS 38.213.


Figure 1. UE detects DCIs scheduling two PDSCH groups with respective K1 values indicating the same PUCCH occasion
Proposal 1: When enhanced dynamic HARQ-ACK codebook is configured, RAN1 specification should cover the following case:
· If UE detects DCIs scheduling two PDSCH groups with respective K1 values indicating the same PUCCH occasion, two PDSCH groups will exist in the same PUCCH occasion.


Agreement in RAN1#99:
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· NFI for group #0 is not signalled in DCI 1_0
· If the UE detects a DCI that indicates an NFI corresponding to group #0 since the last scheduled PUCCH that includes feedback for group #0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the DCI 1_0
· UE follows the indicated NFI (in DCI 1_1) to determine the codebook.
· If the UE does not detect a DCI that indicates an NFI corresponding to group #0 since the last scheduled PUCCH that includes feedback for group #0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the DCI 1_0
· UE assumes that the PDSCHs scheduled by DCI 1_0 since the latest PUCCH occasion do not belong to any group, and the UE only reports HARQ-ACK feedback for the PDSCHs scheduled by DCI 1_0 since the latest PUCCH occasion (as in Rel-15)
· If the C-DAI received in the first DCI format 1_0 received after the latest PUCCH occasion is not equal to 1, and if the UE didn’t detect a DCI format 1_1 since the latest PUCCH occasion, the UE assumes that missed DCIs are DCI formats 1_0



In RAN1#99, it was agreed that if UE detects DCIs with respective K1 values indicating a same PUCCH occasion and none of these DCIs includes a NFI corresponding to PDSCH group #0, i.e., all of the detected DCIs have format 1_0, UE should assume that the PDSCHs scheduled by the DCIs since the latest PUCCH occasion do not belong to any group and only report HARQ-ACK feedback for the PDSCHs scheduled by the DCIs since the latest PUCCH occasion. 
According to the agreement, RAN1 doesn’t preclude that multiplexing the HARQ-ACK feedback for PDSCHs not belong to any group and the HARQ-ACK feedback for PDSCH group #1 (with PGI = 1) in the same PUCCH occasion, as the example shown in Figure 2. However, current RAN1 agreements don't specify how to perform placement of the two HARQ-ACK feedbacks. In order to avoid unnecessary discussion since we don't see essential use cases, we propose to add a paragraph in 9.1.3.3 Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission in TS 38.213 to preclude the multiplexing of the HARQ-ACK feedback for PDSCHs not belong to any group and the HARQ-ACK feedback for PDSCH groups #1 in the same PUCCH occasion.

Proposal 2: When enhanced dynamic HARQ-ACK codebook is configured, UE does not expect to multiplex the HARQ-ACK feedbacks for PDSCHs not belonging to any group with the HARQ-ACK feedbacks for group #1 to the same PUCCH occasion.


Figure 2. An example of HARQ-ACK feedbacks for PDSCHs not belonging to any group and HARQ-ACK feedbacks for PDSCH group #1 (with PGI = 1) being scheduled to the same PUCCH occasion
Based on proposals 1 and 2 in this contribution, the following text proposal is provided for 9.1.3.3 Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission in TS 38.213:
===================================Text proposal 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 
       if g = 1
appends 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 ***
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 includes a New_Feedback indicator field, the UE generates HARQ-ACK information as described in Subclause 9.1.3.1 or 9.1.3.2 for multiplexing in the PUCCH transmission occasion. The UE doesn't expect to multiplex the HARQ-ACK information and HARQ-ACK information corresponding to any detection of DCI format providing a value of g = 1 in the same PUCCH transmission occasion.
*** Unchanged text is omitted ***
===================================== Text Proposal Ends=====================================

Corrections of enhanced dynamic HARQ-ACK codebook in TS 38.213
As the agreement made in RAN1#99, if UE does not detect a DCI that indicates an NFI corresponding to group #0 since the last scheduled PUCCH that includes feedback for group #0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the DCI 1_0, UE assumes that the PDSCHs scheduled by DCI 1_0 since the latest PUCCH occasion do not belong to any group, and the UE only reports HARQ-ACK feedback for the PDSCHs scheduled by DCI 1_0 since the latest PUCCH occasion (as in Rel-15). However, this agreement is not well captured in the endorsed CR of TS 38.213 for R16 NR-U [1].
Extract from Section 9.1.3.3 in the endorsed CR of TS 38.213 for R16 NR-U [1]:
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 includes a New_Feedback indicator field, the UE generates HARQ-ACK information as described in Subclause 9.1.3.1 or 9.1.3.2 for multiplexing in the PUCCH transmission occasion.


From the extract above, “none of the DCI formats includes a New_Feedback indicator field” should be changed to “none of the DCI formats includes a New_Feedback indicator field and provides a value of ” to align with the agreement.
Also, there is a missing paragraph in the following extract from Section 9.1.3.3:
Extract from Section 9.1.3.3 in the endorsed CR of TS 38.213 for R16 NR-U [1]:
If  or , generate second HARQ-ACK information for PUCCH transmission occasion  in a slot, as described in Subclause 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
-	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 Subclause 9.1.3.1, set  for both sub-codebooks, if any.


When UE generates the second HARQ-ACK information corresponds to detections of DCI formats each providing a same value of , of , we see that at least one of the DCI formats should provide a K1 value indicating the slot of PUCCH transmission occasion  and thus this description should be added in the specification.
Based on the two corrections we mentioned above, the following text proposal is provided for 9.1.3.3 Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission in TS 38.213:
===================================Text proposal 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 Subclause 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
*** Unchanged text is omitted ***
If  or , generate second HARQ-ACK information for PUCCH transmission occasion  in a slot, as described in Subclause 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
*** 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 includes a New_Feedback indicator field and provides a value of , the UE generates HARQ-ACK information as described in Subclause 9.1.3.1 or 9.1.3.2 for multiplexing in the PUCCH transmission occasion.
*** Unchanged text is omitted ***
===================================== Text Proposal Ends=====================================

Proposal 3: Adopt the above text proposal to correct the specification for enhanced dynamic HARQ-ACK codebook in TS 38.213.
Conclusion
In this contribution, HARQ operation and multi-TTI PUSCH scheduling for NR-U operation were discussed. Based on the discussion in the previous sections, we made the following proposals:

Proposal 1: When enhanced dynamic HARQ-ACK codebook is configured, RAN1 specification should cover the following case:
· If UE detects DCIs scheduling two PDSCH groups with respective K1 values indicating the same PUCCH occasion, two PDSCH groups will exist in the same PUCCH occasion.

Proposal 2: When enhanced dynamic HARQ-ACK codebook is configured, UE does not expect to multiplex the HARQ-ACK feedbacks for PDSCHs not belonging to any group with the HARQ-ACK feedbacks for group #1 to the same PUCCH occasion.

Proposal 3: Adopt the above text proposal to correct the specification for enhanced dynamic HARQ-ACK codebook in TS 38.213.
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