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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. HARQ-ACK feedback
In NR-U Rel-16, enhancements for HARQ-ACK feedback have been introduced, mainly including enhancements for dynamic codebook, and introduction of a totally new codebook, i.e. one-shot feedback. In the following sections, we will discuss the remaining issues for these two items one by one.
2.1.1 Enhanced dynamic codebook
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]T-DAI related issue
In TS38.213 v16.1.0 [2], there are some descriptions as follows:
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)According to these descriptions, when , if the second HARQ-ACK codebook does not contain two sub-codebooks, i.e., only TB-based HARQ-ACK should be fed back, 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 this single codebook. Otherwise, if the second HARQ-ACK codebook contains two sub-codebooks, i.e., both TB-based HARQ-ACK and CBG-based HARQ-ACK should be fed back at the same time, set  for both sub-codebooks after the completion of the  and  loops for the pseudo-code for the second HARQ-ACK codebook generation in Clause 9.1.3.1. However, it will bring severe limitation for PDSCH scheduling for each sub-codebook, since these two sub-codebooks should match a same total DAI. Alternatively, gNB may choose to indicate the larger total DAI between these two sub-codebooks, then the sub-codebook with smaller total DAI will has some redundant bits set to NACK at the end, resulting in redundant overhead. Moreover, there will be some cases where applying a same total DAI will cause misalignment between UE and gNB. For example, in Figure 1 when there are a number of consecutive DCI format(s) at the end of a sub-codebook and miss-detected by UE, with the number smaller than 4 which is supposed by NR Rel-15, applying a same total DAI of either the smaller or larger one to two sub-codebooks will cause misalignment between UE and gNB. 


[bookmark: _Ref40203535]Figure 1 Applying a same total DAI to two sub-codebooks
On the contrary, a straightforward way to avoid this limitation or misalignment is that when the RRC parameter NFI-TotalDAI-Included-r16 = enable and two sub-codebooks may be applied, i.e., PDSCH-CodeBlockGroupTransmission is provided at least for a serving cell, two separate total DAI fields for PDSCH group  will be indicated in a non-fallback DCI format, one for the TB-based sub-codebook and the other for the CBG-based sub-codebook, when applicable. Another alternative way is that when two sub-codebooks may be applied, the RRC parameter NFI-TotalDAI-Included-r16 is always not configured to avoid above scheduling limitation or indication overhead. From the reliability of HARQ-ACK feedback perspective, indicating separate total DAIs for each sub-codebook respectively for PDSCH group  is preferred. This is just the reason why configuring the RRC parameter NFI-TotalDAI-Included-r16 = enable and indicating a total DAI for the non-scheduled group in a non-fallback DCI format for enhanced dynamic codebook.
Proposal 1: When the RRC parameter NFI-TotalDAI-Included-r16 = enable and two sub-codebooks may be applied, i.e., PDSCH-CodeBlockGroupTransmission is provided at least for a serving cell, indicating separate total DAIs for each sub-codebook respectively for the non-scheduled PDSCH group in a non-fallback DCI format.
· Definition of nHARQ-ACK
In TS38.213 v16.1.0 [2], there are some descriptions as follows: 
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The  value will be used for calculating a PUCCH transmission power adjustment component [image: ] for a PUCCH transmission carrying a corresponding type-2 HARQ-ACK codebook when the number of UCI bits  is smaller than or equal to 11.
With respect to enhanced dynamic codebook,  should be calculated for each reported PDSCH group, and when HARQ-ACK for both PDSCH groups would be reported in a same PUCCH occasion and the number of UCI bits is smaller than or equal to 11,  to apply should be the sum of the   for each PDSCH group, i.e. .
Proposal 2: For enhanced dynamic codebook,  to apply should be the sum of   across all reported PDSCH group(s) in a PUCCH transmission occasion, i.e. , when the number of UCI bits for the PUCCH transmission occasion is smaller than or equal to 11.
2.1.2 One-shot feedback
· Codebook construction for spatial bundling
In TS38.213 v16.1.0 [2], there are some descriptions about type-3 HARQ-ACK codebook determination as follows:
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From above part of pseudo-code it can be seen that when spatial bundling is configured, , and only HARQ-ACK information for the first TB, i.e. TB 0 is reported, so HARQ-ACK information for the second TB will be lost totally, which is not exactly the intention of spatial bundling.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]A feasible way is that when CBG-based HARQ-ACK reporting is enabled for a serving cell, i.e., spatial bundling is always disabled regardless of spatial bundling related configuration, which is aligned with NR Rel-15 behavior, since it is more important to report detailed HARQ-ACK information than to reduce signaling overhead. When CBG-based HARQ-ACK reporting is disabled for a serving cell, i.e., spatial bundling is enabled based on spatial bundling related configuration, i.e., whether harq-ACK-SpatialBundlingPUCCH is provided for the cell group of this serving cell. When spatial bundling is enabled, the single HARQ-ACK value actually reported for HARQ process  of serving cell  is set to binary AND operation of the HARQ-ACK information bits corresponding to first and second TBs for HARQ process  of serving cell .
Proposal 3: When CBG-based HARQ-ACK reporting is enabled for a serving cell, spatial bundling is always disabled regardless of spatial bundling related configuration; otherwise spatial bundling is enabled based on whether harq-ACK-SpatialBundlingPUCCH is provided for the cell group of this serving cell. 
Proposal 4: When spatial bundling is enabled, the single HARQ-ACK value actually reported for HARQ process h of serving cell c is set to binary AND operation of the HARQ-ACK information bits corresponding to first and second TBs for HARQ process h of serving cell c.
A corresponding TP can be seen in section 3.1.
· Codebook construction when reporting NDI
When NDI is configured to be part of one-shot feedback, i.e., if spatial bundling is not enabled actually, NDI value indicated in the DCI format corresponding to the HARQ-ACK information bit or default value 0 for TB  for HARQ process number  on serving cell  will be reported right after HARQ-ACK information bit for TB  for HARQ process  of serving cell . But if spatial bundling is enabled actually, how to place the result of binary AND operation of the HARQ-ACK information bits corresponding to two TBs and the NDI value for each TB has no corresponding agreement so far. A straightforward way is that the result of binary AND operation is followed by the NDI value for each TB in the order of increasing TB index.
Proposal 5: When NDI is configured to be part of one-shot feedback and spatial bundling is enabled actually, for a HARQ process of a serving cell, the result of binary AND operation of the HARQ-ACK information bits corresponding to two TBs is followed by the NDI value for each TB in the order of increasing TB index.
A corresponding TP can be seen in section 3.1.
· Codebook size control and reduction
Type-3 HARQ-ACK codebook, i.e. one-shot feedback, which contains HARQ-ACK information for all configured HARQ processes for all configured serving cells, can be used to synchronize HARQ-ACK status between UE and gNB for many cases, such as for reporting HARQ-ACK when NNK1 is indicated, with the drawback of large overhead. If the codebook size can be controlled or reduced to a reasonable or required one, one-shot feedback could be triggered more frequently and freely whenever needed without introduction of excessive overhead.
With agreements achieved so far, a DCI format 1_1 can trigger one-shot feedback without scheduling PDSCH, with one-shot HARQ-ACK request field with value 1, and using all ‘0’ FDRA for resourceAllocationType0 and all ‘1’ FDRA for resourceAllocationType 1 if resourceAllocation = dynamicSwitch is not provided, or using all “0” or all “1” FDRA if resourceAllocation = dynamicSwitch is provided.
When a DCI format 1_1 schedules no PDSCH, all fields in this DCI format related to scheduling PDSCH are not used in actual, except the FDRA field which is used for signalling no scheduled PDSCH. These unused fields can be used to assist one-shot HARQ-ACK reporting and control the codebook size. For example, a subset of configured serving cells or a subset of configured HARQ processes can be signalled by reinterpreting some or all bits provided by a chosen set of unused fields. Thus the codebook size can be controlled flexibly with only the required part of HARQ-ACK information reported without unnecessary overhead. This is more valuable to URLLC operating in unlicensed spectrum where more attention is paid to reliability, as when HARQ-ACK payload is smaller, more reliability could be achieved with same resources. 
Proposal 6: When a DCI format 1_1 triggers one-shot feedback without scheduling PDSCH, a chosen set of unused fields in this DCI format is reinterpreted to assist one-shot HARQ-ACK reporting and control/reduce the codebook size.
· HARQ-ACK feedback for SPS PDSCH release
There is a case that one-shot feedback and HARQ-ACK feedback for a SPS PDSCH release may happen to exist in a same PUCCH slot. This case can be regarded as an error case, but it will introduce additional restrictions for scheduling. 
To ensure the HARQ-ACK for SPS PDSCH release, multiplexing HARQ-ACK feedback for a SPS PDSCH release in one-shot feedback needs to be supported. The HARQ-ACK feedback for SPS PDSCH release can be appended to the one-shot feedback, which may increase the codebook size for one-shot feedback.
Alternatively, a SPS PDSCH release can be mapped to a HARQ process in the one-shot feedback, in which the HARQ-ACK bit(s) for the HARQ process corresponds to the SPS PDSCH release. The HARQ process corresponding to the SPS PDSCH release can be determined based on the HARQ process ID derivation equation in TS38.321, where the SPS PDSCH location for the derivation can be determined based on the following options:
· Option 1: A SPS PDSCH location in time domain explicitly indicated by the SPS release DCI, e.g. by TDRA field in the DCI, or as well as by the slot/symbol where the SPS release DCI is detected.
· Option 2: A SPS PDSCH location in time domain implicitly derived according to the SPS configuration to which the SPS release DCI corresponds, e.g. the next SPS PDSCH occasion corresponding to the SPS configuration after the reception of the SPS release DCI. 


Figure 2 Multiplexing of one-shot feedback and HARQ-ACK for SPS PDSCH release
Proposal 7: Support HARQ-ACK feedback for SPS PDSCH release in one-shot HARQ-ACK codebook. HARQ-ACK corresponding to a SPS PDSCH release is mapped to a HARQ process in the one-shot feedback, where the HARQ process is determined based on the HARQ process ID derivation for SPS PDSCH in TS38.321 and the SPS PDSCH location for the derivation is determined based on the following options:
· Option 1: A SPS PDSCH location in time domain explicitly indicated by the SPS release DCI, e.g. by TDRA field in the DCI, or as well as by the slot/symbol where the SPS release DCI is detected.
· Option 2: A SPS PDSCH location in time domain implicitly derived according to the SPS configuration to which the SPS release DCI corresponds, e.g. the next SPS PDSCH occasion corresponding to the SPS configuration after the reception of the SPS release DCI.
· Others
During last RAN1#100 meeting, how to process HARQ-ACK in one-shot feedback for a PDSCH without sufficient processing time is extensively discussed without a common understanding at the end. There remains an FFS for cases where the UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception. To keep that the network is always in control of UE’s behavior, a simple way is that the UE is always report HARQ-ACK for PDSCHs with sufficient processing time. The UE is not expected to be required to report HARQ-ACK for a HARQ process which has been scheduled with a PDSCH without sufficient processing time when reporting one-shot HARQ-ACK codebook.
Proposal 8: UE is not expected to be required to report HARQ-ACK for a HARQ process which has been scheduled with a PDSCH without sufficient processing time when reporting one-shot HARQ-ACK codebook.
3. Text proposals
3.1. Text proposals for TS38.213
For TS38.213 v16.1.0 [2], text proposals based on aforementioned proposals are collected as below.
The combined TP for proposal 3, 4 and 5 is in the clause 9.1.4 in TS38.213, with TP for proposal 3 in blue, TP for proposal 4 in green, and TP for proposal 5 in red. Other proposals have no corresponding TPs.
-------------------------------------------------------Start text proposal-----------------------------------------------------------
9.1.4	Type-3 HARQ-ACK codebook determination 
If a UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the UE determines a Type-3 HARQ-ACK codebook according to the following procedure.
Set  to the number of serving cells
Set  to the value of nrofHARQ-ProcessesForPDSCH for serving cell , if provided; else, set 
Set  to the value of maxNrofCodeWordsScheduledByDCI for serving cell  if harq-ACK-SpatialBundlingPUCCH is not provided; else, set 
Set  to the number of HARQ-ACK information bits per TB for PDSCH receptions on serving cell  as described in Clause 9.1.1 if maxCodeBlockGroupsPerTransportBlock is provided for serving cell  and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided; else, set 
Set  if pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 is provided; else set 
Set  – serving cell index
Set  – HARQ process number
Set  – TB index
Set  – CBG index
Set 
while 
while 
if 
	         if 
while 
while 
		         = HARQ-ACK information bit for CBG  of TB  for HARQ process number  of serving cell 
		          
		         
end while

		     = NDI value indicated in the DCI format corresponding to the HARQ-ACK information bit(s) for TB  for HARQ process number  on serving cell , if any; else, 
		     
 		     
		     
		end while
else
if harq-ACK-SpatialBundlingPUCCH is not provided
while 

		          = HARQ-ACK information bit for TB  for HARQ process  of serving cell 
		           

		          = NDI value indicated in the DCI format corresponding to the HARQ-ACK information bit(s) for TB  for HARQ process number  on serving cell , if any; else, 
		           
		           
		      end while
	               else
if  = 2
= binary AND operation of the HARQ-ACK information bits corresponding to first and second transport blocks for HARQ process  of serving cell  - if the UE receives one transport block, the UE assumes ACK for the second transport block;
else

= HARQ-ACK information bit for TB  for HARQ process  of serving cell 
end if
		      
while 

		          = NDI value indicated in the DCI format corresponding to the HARQ-ACK information bit(s) for TB  for HARQ process number  on serving cell , if any; else, 
		           
		     
		      end while
	               end if
	         end if
	         
else
	         if 
while 
if UE has reported HARQ-ACK information for TB  for HARQ process number  on serving cell , and has not subsequently detected a DCI format scheduling a PDSCH reception, or received a SPS PDSCH, with TB  for HARQ process number  on serving cell 
while 
			  
			   
			   
		           end while
		      end if
if UE has obtained HARQ-ACK information for TB  for HARQ process number  on serving cell  corresponding to a PDSCH reception and has not reported the HARQ-ACK information corresponding to the PDSCH reception
while 

		                 = HARQ-ACK information bit for CBG  of TB  for HARQ process number  of serving cell 
			    
			    
		            end while
		       end if
		       
		       
		end while
else
if harq-ACK-SpatialBundlingPUCCH is not provided
while 
if UE has reported HARQ-ACK information for TB  for HARQ process number  on serving cell  and has not subsequently detected a DCI format scheduling a PDSCH reception, or received a SPS PDSCH, with TB  for HARQ process number  on serving cell 
		                 
			    
			    
end if
if UE has obtained HARQ-ACK information for TB  for HARQ process number  on serving cell  corresponding to a PDSCH reception and has not reported the HARQ-ACK information corresponding to the PDSCH reception

			   = HARQ-ACK information bit for TB  for HARQ process  of serving cell 
			   
			   
		            end if
		       end while
	              else
if UE has reported HARQ-ACK information for TB  for HARQ process number  on serving cell  and has not subsequently detected a DCI format scheduling a PDSCH reception, or received a SPS PDSCH, with TB  for HARQ process number  on serving cell 
		            
		             
end if
if UE has obtained HARQ-ACK information for TB  for HARQ process number  on serving cell  corresponding to a PDSCH reception and has not reported the HARQ-ACK information corresponding to the PDSCH reception
if  = 2

= binary AND operation of the HARQ-ACK information bits corresponding to first and second transport blocks for HARQ process  of serving cell  - if the UE receives one transport block, the UE assumes ACK for the second transport block;
else
= HARQ-ACK information bit for TB  for HARQ process  of serving cell 
end if
		              
		       end if
	              end if
end if
	         
end if
	   
end while
 
 
end while
< Unchanged part omitted >
--------------------------------------------------------End text proposal----------------------------------------------------------
Proposal 9: Adopt the text proposals listed in section 3.1 for Rel-16 TS38.213.
4. 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: When the RRC parameter NFI-TotalDAI-Included-r16 = enable and two sub-codebooks may be applied, i.e., PDSCH-CodeBlockGroupTransmission is provided at least for a serving cell, indicating separate total DAIs for each sub-codebook respectively for the non-scheduled PDSCH group in a non-fallback DCI format.
Proposal 2: For enhanced dynamic codebook,  to apply should be the sum of   across all reported PDSCH group(s) in a PUCCH transmission occasion, i.e. , when the number of UCI bits for the PUCCH transmission occasion is smaller than or equal to 11.
Proposal 3: When CBG-based HARQ-ACK reporting is enabled for a serving cell, spatial bundling is always disabled regardless of spatial bundling related configuration; otherwise spatial bundling is enabled based on whether harq-ACK-SpatialBundlingPUCCH is provided for the cell group of this serving cell. 
Proposal 4: When spatial bundling is enabled, the single HARQ-ACK value actually reported for HARQ process h of serving cell c is set to binary AND operation of the HARQ-ACK information bits corresponding to first and second TBs for HARQ process h of serving cell c.
Proposal 5: When NDI is configured to be part of one-shot feedback and spatial bundling is enabled actually, for a HARQ process of a serving cell, the result of binary AND operation of the HARQ-ACK information bits corresponding to two TBs is followed by the NDI value for each TB in the order of increasing TB index.
Proposal 6: When a DCI format 1_1 triggers one-shot feedback without scheduling PDSCH, a chosen set of unused fields in this DCI format is reinterpreted to assist one-shot HARQ-ACK reporting and control/reduce the codebook size.
Proposal 7: Support HARQ-ACK feedback for SPS PDSCH release in one-shot HARQ-ACK codebook. HARQ-ACK corresponding to a SPS PDSCH release is mapped to a HARQ process in the one-shot feedback, where the HARQ process is determined based on the HARQ process ID derivation for SPS PDSCH in TS38.321 and the SPS PDSCH location for the derivation is determined based on the following options:
· Option 1: A SPS PDSCH location in time domain explicitly indicated by the SPS release DCI, e.g. by TDRA field in the DCI, or as well as by the slot/symbol where the SPS release DCI is detected.
· Option 2: A SPS PDSCH location in time domain implicitly derived according to the SPS configuration to which the SPS release DCI corresponds, e.g. the next SPS PDSCH occasion corresponding to the SPS configuration after the reception of the SPS release DCI.
Proposal 8: UE is not expected to be required to report HARQ-ACK for a HARQ process which has been scheduled with a PDSCH without sufficient processing time when reporting one-shot HARQ-ACK codebook.
Proposal 9: Adopt the text proposals listed in section 3.1 for Rel-16 TS38.213.
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