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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN#82 meeting, the WID of the NR access to the unlicensed spectrum has been approved [1]. The following physical layer procedures have been identified as the objectives of the work item.
-	Physical layer procedure(s) including [RAN1, RAN2]:
[bookmark: _Hlk532426838]- 	HARQ operation: NR HARQ feedback mechanisms are the baseline for NR-U operation with extensions in line with agreements during the study phase (NR-U TR section 7.2.1.3.3), including immediate transmission of HARQ A/N for the corresponding data in the same shared COT as well as transmission of HARQ A/N in a subsequent COT. Potentially support mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities. (RAN1)
-	Scheduling multiple TTIs for PUSCH in-line with agreements from the study phase (TR 38.889, Section 7.2.1.3.3). (RAN1)
In RAN#86 meeting, the work item has been completed with some remaining issues. In this contribution, we discuss the remaining issues on HARQ operation for NR-U Rel-16.
2. Discussion
2.1. Enhanced dynamic codebook
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]NFI and DAI for the non-scheduled group when q=0
During RAN1#100bis issue A9 about enhanced dynamic codebook for multiple DCIs has been extensively discussed in detail, and many related agreements have been achieved. But there remain some questions for which no consensus has been reached. From these remaining questions, Q9 is copied as follow:
Q9: Can we clarify that a UE should ignore the NFI and DAI fields for the non-scheduled group in a DL DCI if q=0 for the number of requested PDSCH group(s) in that DCI?
In TS38.213 [3], there are some descriptions about determining if a DCI format 1_0 should be acknowledged as PDSCH group 0 and the value of associated NFI when PDSCH group 0 is assumed as follows:
 (
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From above descriptions, it is known that whether a DCI format 1_0 should be acknowledged as PDSCH group 0 is highly depended on if there is a DCI format that indicates a same PUCCH transmission occasion and includes or provides an NFI for PDSCH group 0. So whether a DCI format includes or provides an NFI for PDSCH group 0 should be defined clearly.
For Q9, supposing a DCI format schedules group 1, i.e., indicating group 1 by PDSCH group index field, and includes NFI and DAI fields for group 0, i.e., the higher layer parameter nfi-TotalDAI-Included=true, but q=0 indicating group 0 is not triggered, should this DCI format be regarded as including or providing an NFI for group 0? The answer will affect constructing and reporting for enhanced dynamic codebook, so a clarification is desired.
We can simply clarify it as: a DCI format with q=0 is regarded as not including or providing NFI and DAI for the non-scheduled group, or, a UE should ignore the NFI and DAI fields for the non-scheduled group in a DL DCI with q=0. As a result, whether a DCI format includes or provides an NFI for PDSCH group 0 can be determined clearly.
Proposal 1: For enhanced dynamic codebook, UE should ignore the NFI and DAI fields for the non-scheduled group in a DL DCI with q=0, and assume that the DL DCI does not include or provide an NFI for the non-scheduled group.
In TS38.212 [2], there are some typos when referencing the higher layer parameter nfi-TotalDAI-Included, which are shown as follows.
 (
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In TS38.331 [5], the higher parameter nfi-TotalDAI-Included is specified as follows.
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)
Therefore, the above typos can be fixed by adopting the text proposal in Annex.
Proposal 2: Fix typos in TS38.212 by adopting the TP in Annex.
· NFI assumption for UL DAI when no DL DCI is detected
So far there is a remaining issue named A16, i.e., what NFI value should a UE assume when the UE is provided with UL DAI (different than 4) for a PDSCH group that was not scheduled for the UE? In this case, the UE has not detected any DCI format scheduling PDSCH reception, and the UE has not detected any DCI format with a request for HARQ-ACK information for any PDSCH group, before the UL DAI different than 4 is provided.
In TS38.213 [3], there are some related descriptions about applying UL DAI when no DL DCI has been detected as follows:
 (
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Based on above descriptions, the UE behavior is clearly defined when neither DL scheduling DCI nor HARQ-ACK trigger has been detected, that is,  is used after the completion of the   and  loops for the pseudo-code for the HARQ-ACK codebook generation in Clause 9.1.3.1 for the involved PDSCH group(s). In fact, no DL DCI detected will result in. Therefore, the codebook size will depend only on, and no assumption for NFI is needed.
With respect to the DL DCI miss-detection issue, it can be handled by gNB’s implementation. For example, gNB can indicate multiple DL DCIs to ensure that at least one DL DCI can be detected by UE. Alternatively, gNB can trigger desired HARQ-ACK information further when necessary if a HARQ-ACK codebook mismatch has been detected.
Proposal 3: No assumption for NFI is needed for a UL DAI different than 4 for a PDSCH group that was not scheduled for the UE. 
2.2. NNK1
· Occupation restriction for HARQ process with NNK1
In TS38.214 [4], the occupation restriction for new PDSCH reception for a same HARQ process is specified as follows:
 (
5.1
UE procedure for receiving the physical downlink shared channel
……
The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Clause 9.2.3 of [6].
……
)
When a HARQ process is scheduled with a PDSCH reception and the DCI format scheduling the PDSCH reception provides an inapplicable value from dl-DataToUL-ACK-r16, i.e., NNK1 is indicated in the DCI format, the expected transmission of HARQ-ACK for the HARQ process should be clarified. 
When the actual HARQ-ACK feedback timing is given by a later DCI format with applicable HARQ-ACK feedback timing, e.g. by a later DCI format triggering the PDSCH group for the PDSCH reception when enhanced dynamic codebook is configured, or by a later DCI format scheduling another PDSCH reception when dynamic codebook is configured, or by a later DCI format triggering one-shot feedback, the expected transmission of HARQ-ACK can be the PUCCH/PUSCH transmission in the UL slot/sub-slot corresponding to the actual HARQ-ACK feedback timing. But when the actual HARQ-ACK feedback timing is not provided further by gNB, whether there is occupation restriction for the HARQ process or not should be clarified. For example, if gNB intends to schedule or configure another PDSCH reception for the HARQ process while giving up the HARQ-ACK feedback for the previous PDSCH reception with NNK1 due to data arrival of higher priority, or early retransmission, or semi-static SPS config, etc., is there any restriction for the new PDSCH reception, in terms of whether it is allowed or not, or the timing restriction when allowed, etc.?
Regarding the occupation restriction, the following options can be identified.
· Option 1: An applicable HARQ-ACK feedback timing should be provided later for the HARQ process with NNK1 by gNB, otherwise the HARQ process would be suspended without any further PDSCH reception allowed. In other words, the HARQ process can only be scheduled or configured with any new PDSCH reception after the applicable HARQ-ACK feedback timing is provided.
· Option 2: An applicable HARQ-ACK feedback timing may not be provided for the HARQ process with NNK1 by gNB before a new PDSCH reception for the HARQ process is scheduled or configured. If no applicable timing is provided before the new PDSCH reception, there may be some limitations for the timing of the new PDSCH reception, e.g., it should be received after a time offset from the ending time of the PDSCH reception with NNK1. The time offset may be specified or configured by considering PDSCH decoding time, or N1, etc. Otherwise, the HARQ process can only be scheduled or configured with any new PDSCH reception after the latest provided applicable HARQ-ACK feedback timing, if any.
Proposal 4: When a HARQ process is scheduled with a PDSCH reception with NNK1, and the actual HARQ-ACK feedback timing is not provided, whether there is occupation restriction for the HARQ process or not should be clarified. 
3. Conclusion
In this contribution, some remaining issues on NR-U Rel-16 HARQ operation have been discussed, and the proposals made are summarized below:
Proposal 1: For enhanced dynamic codebook, UE should ignore the NFI and DAI fields for the non-scheduled group in a DL DCI with q=0, and assume that the DL DCI does not include or provide an NFI for the non-scheduled group.
Proposal 2: Fix typos in TS38.212 by adopting the TP in Annex.
Proposal 3: No assumption for NFI is needed for a UL DAI different than 4 for a PDSCH group that was not scheduled for the UE. 
Proposal 4: When a HARQ process is scheduled with a PDSCH reception with NNK1, and the actual HARQ-ACK feedback timing is not provided, whether there is occupation restriction for the HARQ process or not should be clarified. 
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[bookmark: _Toc19798779][bookmark: _Toc26467250][bookmark: _Toc29326612][bookmark: _Toc29327762][bookmark: _Toc36045952][bookmark: _Toc36046212][bookmark: _Toc36046358][bookmark: _Toc45209275][bookmark: _Toc51852449][bookmark: _Toc66804497]7.3.1.2.2	Format 1_1
……
-	Downlink assignment index – number of bits as defined in the following
-	6 bits if more than one serving cell are configured in the DL and the higher layer parameter nfi-TotalDAI-Included=true = enable. The 4 MSB bits are the counter DAI and the total DAI for the scheduled PDSCH group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group.
-	4 bits if only one serving cell are configured in the DL and the higher layer parameter nfi-TotalDAI-Included=true = enable. The 2 MSB bits are the counter DAI for the scheduled PDSCH group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group;
-	4 bits if more than one serving cell are configured in the DL, the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic or pdsch-HARQ-ACK-Codebook-r16= enhancedDynamic, and nfi-TotalDAI-Included=true is not configured, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	4 bits if one serving cell is configured in the DL, and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, and the UE is not provided coresetPoolIndex or is provided coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second CORESETs, and is provided ackNackFeedbackMode = joint, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	2 bits if only one serving cell is configured in the DL, the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic or pdsch-HARQ-ACK-Codebook-r16=enhancedDynamic, and nfi-TotalDAI-Included=true is not configured, when the UE is not configured with coresetPoolIndex or the value of coresetPoolIndex is the same for all CORESETs if coresetPoolIndex is provided or the UE is not configured with ackNackFeedbackMode = joint, where the 2 bits are the counter DAI;
-	0 bits otherwise. 
……
--------------------------------------------------------End text proposal----------------------------------------------------------
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