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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#82 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
· Transmission of SPS PDSCH HARQ-ACK
In NR Rel-15, the network ensures SPS-Config is configured for at most one cell in a cell group. In NR-U Rel-16 this keeps valid when no enhancement about DL SPS is considered. 
In the NR-U Rel-16 CR for TS38.213 [6], there are some descriptions as follows:
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In TS38.213(V15.8.0) subclause 9.1.3.1, there are some descriptions about SPS PDSCH HARQ-ACK as follows:
 (
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From the aforementioned descriptions it can be seen that none, one or both of the first HARQ-ACK information and the second HARQ-ACK information can contain a HARQ-ACK bit for SPS PDSCH reception, depending on the relative positions between PUCCH transmission occasion  or  and SPS PDSCH receptions. A typical case when both of the first HARQ-ACK information and the second HARQ-ACK information contain a HARQ-ACK bit for respective SPS PDSCH reception is shown in Figure 1(a), in which HARQ-ACK feedback for some SPS PDSCHs could also have retransmission opportunities, e.g. U1 in Figure 1(a). When PUCCH transmission occasion  and  are just in the same slot, and the transmitted HARQ-ACK codebook contains both the first HARQ-ACK information and the second HARQ-ACK information, HARQ-ACK corresponding to SPS PDSCH in a slot or  will be contained in the first HARQ-ACK information and the second HARQ-ACK information at the same time, according to the pseudo-code listed above, resulting in redundant feedback or information confusion, which is illustrated in Figure 1(b).


[bookmark: _Ref32246456]Figure 1 Transmission of SPS PDSCH HARQ-ACK both in first and second HARQ-ACK information
To avoid information redundancy or confusion for SPS PDSCH HARQ-ACK, a straightforward way is that HARQ-ACK for SPS PDSCH, if any, is always placed at the end of transmitted HARQ-ACK codebook, no matter whether the transmitted HARQ-ACK codebook contains only the first HARQ-ACK information, or both the first HARQ-ACK information and the second HARQ-ACK information. When it is assumed that SPS-Config is configured for at most one cell in a cell group, at most a HARQ-ACK bit for SPS PDSCH is appended at the end of the transmitted HARQ-ACK codebook.
Proposal 1: HARQ-ACK for SPS PDSCH, if any, is always placed at the end of enhanced HARQ-ACK codebook to be transmitted, no matter whether the transmitted HARQ-ACK codebook contains only the first HARQ-ACK information, or both the first HARQ-ACK information and the second HARQ-ACK information.
Regarding number of PDSCH groups involved in the transmitted HARQ-ACK codebook, there are some corresponding descriptions in the NR-U Rel-16 CR for TS38.213 [6] as follows:
 (
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It can be seen that whether the second HARQ-ACK information is triggered to be transmitted along with the first HARQ-ACK information is only based on q, i.e. the value of a HARQ-ACK information request field in a DCI format. But there may be a case that the PUCCH transmission occasion  for the second HARQ-ACK information and the PUCCH transmission occasion  for the first HARQ-ACK information are just in the same slot, which leads to the first HARQ-ACK information and the second HARQ-ACK information being multiplexed in a same PUCCH transmission occasion irrespective of the value of q, as illustrated in Figure 2. In this case, the first HARQ-ACK information and the second HARQ-ACK information should also be multiplexed in an ascending order of group index. So it should be captured in the NR-U Rel-16 CR for TS38.213 that in any case when the first HARQ-ACK information and the second HARQ-ACK information are multiplexed in a same PUCCH transmission occasion, they should be placed in an ascending order of group index.


[bookmark: _Ref32588231]Figure 2 HARQ-ACK information for both groups reported in a same PUCCH transmission
Proposal 2: It should be captured in the NR-U Rel-16 CR for TS38.213 that in any case when the first HARQ-ACK information and the second HARQ-ACK information are multiplexed in a same PUCCH transmission occasion, they should be placed in an ascending order of group index.
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]T-DAI related issues
In RAN1#98bis meeting [2], following agreement about indication of NFI and T-DAI in non-fallback DCI for the non-scheduled group has been achieved:
 (
Agreement:
F
or enhanced dynamic HARQ codebook
 with single or multiple configured DL cells
, 
NFI 
is 
indicated in non-fallback DCI scheduling PDSCH for the scheduled group
T-DAI 
is 
indicated in non-fallback DCI scheduling PDSCH for the scheduled group
 if more than one DL cell is configured
Indication of NFI and T-DAI 
in non-fallback DCI
 for the non-scheduled group with single or multiple configured DL cells can be 
configured by RRC.
)
In the NR-U Rel-16 CR for TS38.213 [6], there are some descriptions as follows:
 (
9
.
1.3.3
Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission
……
Set 
 to the value of a total DAI field
, if any, 
in 
a
 DCI format
 providing a value of 
……
If 
 
or 
, g
enerate
 
second 
HARQ-ACK information
 for 
PUCCH transmission occasion 
 in a slot, 
as d
escribed in 
Subclause
 9.1.3.1
, 
where
……
-
if 
, 
after the completion of the 
 and 
 loops
 
f
or 
the pseudo-code for the second 
HARQ-ACK codebook 
generation 
in 
Subclause
 9.1.3.1,
 set 
 
for both sub-codebooks
,
 if any
.
……
)
In a DCI format providing a value of  there may be a total DAI field for PDSCH group  if more than one DL cell is configured, and a total DAI field for PDSCH group  if RRC parameter NFI-TotalDAI-Included-r16 = enable. So it should be clarified in the NR-U Rel-16 CR for TS38.213 that  should be set to the value of a total DAI field for PDSCH group  to avoid ambiguity.
Proposal 3: It should be clarified in the NR-U Rel-16 CR for TS38.213 that  should be set to the value of a total DAI field for PDSCH group  to avoid ambiguity.
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 Subclause 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 Subclause 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. In addition, there has been no agreement achieved regarding this issue during NR-U Rel-16 WI. A straightforward way to avoid this limitation is that when 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 non-fallback DCI, 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, RRC parameter NFI-TotalDAI-Included-r16 is always not configured to avoid above scheduling limitation or indication overhead.
Proposal 4: It should be determined how to indicate and apply  when the second HARQ-ACK codebook contains two sub-codebooks.
· NFI related issues
In the NR-U Rel-16 CR for TS38.213 [6], there are some descriptions as follows:
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It could be understood that when a DCI format scheduling PDSCH group  indicates an NFI value  for PDSCH group other than an NFI value indicated by a latest DCI format scheduling PDSCH group  for exactly the scheduled group, it is mostly probable that after the latest DCI format scheduling PDSCH group , all DCI formats scheduling PDSCH group  with an NFI value  have been miss-detected by UE. So in the  and  loops for the pseudo-code for the second HARQ-ACK codebook generation in Subclause 9.1.3.1, no  needs to be actually used, since there is no PDCCH detected for any PDCCH monitoring occasion  and any serving cell . Considering that no agreement during NR-U Rel-16 WI has been achieved to deal with this case, it should be clarified that related operation captured in above descriptions is reasonable with common understanding.
Proposal 5: The corresponding operation when a DCI format scheduling PDSCH group  indicates an NFI value for PDSCH group  other than an NFI value indicated by a latest DCI format scheduling PDSCH group  for exactly the scheduled group should be clarified.
· Application of UL DAI
In RAN1#99 meeting [3], following agreement about single UL DAI for only one group has been achieved:
 (
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If feedback is requested for just one group, then this UL DAI applies to the reported group
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)
In the NR-U Rel-16 CR for TS38.212 [5], there are some related descriptions as follows:
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In the NR-U Rel-16 CR for TS38.213 [6], there are some related descriptions as follows:
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With respect to the case when the PUSCH transmission is scheduled by a DCI format that includes one DCI field, it can be understood that this DCI field corresponds to “1st downlink assignment index” field with 2 bits, and also to “2nd downlink assignment index” field with 2 bits when two HARQ-ACK sub-codebooks applied, in a DCI format 0_1. In addition, according to the agreement, this DCI field is not always used for , which was captured in the CR incorrectly. In fact, when the HARQ-ACK information to be multiplexed in a PUSCH transmission refers to only one PDSCH group, this DCI field included in the DCI format scheduling the PUSCH transmission applies to the reported PDSCH group, otherwise it applies to  when both PDSCH groups involved.

Proposal 6: It should be captured in the NR-U Rel-16 CR for TS38.213 correctly that for the case with indicated  value(s) for only one PDSCH group in a DCI format scheduling a PUSCH transmission, when the HARQ-ACK information to be multiplexed in the PUSCH transmission refers to only one PDSCH group, this DCI field applies to the reported PDSCH group, otherwise it applies to  when both PDSCH groups involved.
With respect to the case when the PUSCH transmission is scheduled by a DCI format that includes two DCI fields, it can be understood that these two DCI fields correspond to “1st downlink assignment index” field with 4 bits, and also to “2nd downlink assignment index” field with 4 bits when two HARQ-ACK sub-codebooks applied, in a DCI format 0_1. In addition, each 4 bits should be divided into two DCI fields, i.e., the first 2 bits correspond to the first DCI field, and the last 2 bits correspond to the second DCI filed. Then, the first DCI field is used for , and the second DCI field for . This should be captured in the CR clearly.

Proposal 7: It should be captured in the NR-U Rel-16 CR for TS38.212 and TS38.213 clearly how to indicate and apply two DCI fields with  values in a DCI format 0_1.
2.1.2 One-shot feedback
· Codebook construction for spatial bundling
In the NR-U Rel-16 CR for TS38.213 [6], 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 not enabled 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 not enabled 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 8: When CBG-based HARQ-ACK reporting is enabled for a serving cell, spatial bundling is always not enabled 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 9: 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.
· 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, latest NDI value 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 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 NDI value for each TB in the order of increasing TB index.
Proposal 10: 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 NDI value for each TB in the order of increasing TB index.
· HARQ-ACK values when not reporting NDI
In the NR-U Rel-16 CR for TS38.213 [6], there are some descriptions about type-3 HARQ-ACK codebook determination when not reporting NDI as follows:
 (
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)From above part of pseudo-code it can be seen that when NDI is not configured to be part of one-shot feedback, CBG-based HARQ-ACK feedback and TB-based HARQ-ACK feedback don’t take consistent operation regarding whether UE has reported a HARQ-ACK value for a TB for a HARQ process.
In RAN1#99 meeting [3], following agreement about reporting NDI or not has been achieved:
 (
Agreement:
For one-shot HARQ feedback:
NDI can be 
configured
 to be part of one-shot HARQ feedback.
When NDI is configured
The latest NDI value detected by the UE is reported along with HARQ-ACK for the corresponding H
ARQ
 
process 
ID. 
The 
UE assumes NDI=0 if there is no prior NDI value for the HARQ process
NDI is included for each TB
When NDI is not configured:
NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
UE is expected to 
reset HARQ-ACK state
 (as DTX or NACK) for a HARQ process ID once ACK is reported for the same HARQ process ID in the previous feedback
)

So, in above part of pseudo-code the operation for TB-based HARQ-ACK feedback should be revised to keep consistent with that for CBG-based HARQ-ACK feedback, that is, if UE has reported ACK for TB t for HARQ process number h on serving cell c,  for TB t for HARQ process number h on serving cell c is set to NACK.
Proposal 11: For type-3 HARQ-ACK codebook determination, when not reporting NDI, the operation for TB-based HARQ-ACK feedback in the NR-U Rel-16 CR for TS38.213 should be revised to keep consistent with that for CBG-based HARQ-ACK feedback.
3. Text proposals
3.1. Text proposals for TS38.212
For the NR-U Rel-16 CR for TS38.212 [5], text proposals based on aforementioned proposals are collected as below:
-------------------------------------------------------Start text proposal-----------------------------------------------------------
[bookmark: _Toc19798776]7.3.1.1.2	Format 0_1
DCI format 0_1 is used for the scheduling of one or multiple PUSCH in one cell, or indicating CG downlink feedback informatin (CG-DFI) to a UE. 
……
-	Redundancy version –– number of bits determined by the following:
-	2 bits as defined in Table 7.3.1.1.1-2 if the number of scheduled PUSCH indicated by indicated by the Time domain resource assignment field is 1;
-	otherwise 2, 3, 4, 5, 6, 7 or 8 bits determined by the maximum number of schedulable PUSCHs among all entries in the higher layer parameter pusch-TimeDomainAllocationList-r16, where each bit corresponds to one scheduled PUSCH as defined in subclause 6.1.4 in [6, TS 38.214] and redundancy version is determined according to Table 7.3.1.1.2-34.
-	HARQ process number – 4 bits
-	1st downlink assignment index – 1, 2 or 4 bits:
-	1 bit for semi-static HARQ-ACK codebook;
-	2 bits for dynamic HARQ-ACK codebook, or for enhanced dynamic HARQ-ACK codebook without UL-TotalDAI-Included-r16 configured, in which case 2 bits correspond to one field for a PDSCH group;
-	4 bits for enhanced dynamic HARQ-ACK codebook and with UL-TotalDAI-Included-r16 = “enable”, in which case the 4 bits correspond to two fields with the first 2 bits as the first field corresponding to PDSCH group 0 and the last 2 bits as the second field corresponding to PDSCH group 1.
-	2nd downlink assignment index – 0, 2 or 4 bits:
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks, or for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and without UL-TotalDAI-Included-r16 configured, in which case 2 bits correspond to one field for a PDSCH group;
-	4 bits for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and with UL-TotalDAI-Included-r16 = “enable” , in which case the 4 bits correspond to two fields with the first 2 bits as the first field corresponding to PDSCH group 0 and the last 2 bits as the second field corresponding to PDSCH group 1;
-	0 bit otherwise. 
-	TPC command for scheduled PUSCH – 2 bits as defined in Subclause 7.1.1 of [5, TS38.213]
……
--------------------------------------------------------End text proposal----------------------------------------------------------
Proposal 12: Adopt the text proposals listed in section 3.1 for Rel-16 TS38.212.
3.2. Text proposals for TS38.213
For the NR-U Rel-16 CR for TS38.213 [6], text proposals based on aforementioned proposals are collected as below:
-------------------------------------------------------Start text proposal-----------------------------------------------------------
9.1.3.3	Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission
If a UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the UE determines HARQ-ACK information for multiplexing in a PUCCH transmission occasion according to the following procedure. 
Set  to the value of a PDSCH_group indicator field in a DCI format. If the DCI format schedules PDSCH reception and does not include a PDSCH_group indicator field, set .
Set  to denote a PUCCH transmission occasion for multiplexing HARQ-ACK information 
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
Set  to the value of a first New_Feedback indicator field, if any, in a DCI format providing a value of 
Set  to a value of a second New_Feedback indicator field, if any, in a DCI format providing a value of 
Set  to the value of a total DAI field for group , if any, in a DCI format providing a value of 
Set  to the value of a HARQ-ACK information request field, if any
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
-	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 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.
If  and , generate second HARQ-ACK information, as described in Subclause 9.1.3.1, by setting  for all  and all  and, after the completion of the  and  loops for the pseudo-code for the second HARQ-ACK codebook generation in Subclause 9.1.3.1, setting .
If , the UE
includes only the first HARQ-ACK information for multiplexing in PUCCH transmission occasion 
elseif 
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
If the HARQ-ACK information is multiplexed in a PUSCH transmission, the HARQ-ACK information is determined as 

-	for multiplexing in PUCCH transmission occasion , if the PUSCH transmission is not scheduled by a DCI format or is scheduled by a DCI format that does not include a DCI field with value 

-	for multiplexing in PUCCH transmission occasion , if the PUSCH transmission is scheduled by a DCI format that includes one DCI field except that, for PDSCH group  , the DCI field with value  in the DCI format is used after the completion of the  and  loops for the pseudo-code for the HARQ-ACK codebook generation in Subclause 9.1.3.1, and when the HARQ-ACK information refers to only one PDSCH group  is the index of this group, or when the HARQ-ACK information refers to both PDSCH groups 

-	for multiplexing in PUCCH transmission occasion , if the PUSCH transmission is scheduled by a DCI format that includes two DCI fields except that the each DCI field with value  in the DCI format is used for corresponding PDSCH group after the completion of the  and  loops for the pseudo-code for the HARQ-ACK codebook generation in Subclause 9.1.3.1 
For any case that HARQ-ACK information for both PDSCH groups is multiplexed in a PUCCH transmission or PUSCH transmission, HARQ-ACK information for  is appended to that for .
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.
For PUCCH transmission occasion , the UE determines a PUCCH or a PUSCH transmission to multiplex the HARQ-ACK information according to the procedures in Subclause 9.2.5.
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 Subclause 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


		     = last NDI value 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 
		           


		          = last NDI value 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 


		          = last NDI value 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 ACK for TB  for HARQ process number  on serving cell 
while 

			  
			   
			   
		           end while
		      else
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 NACK for TB  for HARQ process number  on serving cell  


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


			   = HARQ-ACK information bit for TB  for HARQ process  of serving cell 
			   
			   
		            end if
		       end while
	              else
if UE has reported ACK for HARQ process number  on serving cell  

		            
		             
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
		              
		       end if
	              end if
end if
	         
end if
	   
end while
 
 
end while
If the UE detects a DCI format that includes a One-shot HARQ-ACK request field with value 1, the UE determines a PUCCH or a PUSCH to multiplex a Type-3 HARQ-ACK codebook for transmission in a slot as described in Subclause 9.2.5. The UE multiplexes only the Type-3 HARQ-ACK codebook in the PUCCH or the PUSCH for transmission in the slot.
--------------------------------------------------------End text proposal----------------------------------------------------------
Proposal 13: Adopt the text proposals listed in section 3.2 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: HARQ-ACK for SPS PDSCH, if any, is always placed at the end of enhanced HARQ-ACK codebook to be transmitted, no matter whether the transmitted HARQ-ACK codebook contains only the first HARQ-ACK information, or both the first HARQ-ACK information and the second HARQ-ACK information.
Proposal 2: It should be captured in the NR-U Rel-16 CR for TS38.213 that in any case when the first HARQ-ACK information and the second HARQ-ACK information are multiplexed in a same PUCCH transmission occasion, they should be placed in an ascending order of group index.
Proposal 3: It should be clarified in the NR-U Rel-16 CR for TS38.213 that  should be set to the value of a total DAI field for PDSCH group  to avoid ambiguity.
Proposal 4: It should be determined how to indicate and apply  when the second HARQ-ACK codebook contains two sub-codebooks.
Proposal 5: The corresponding operation when a DCI format scheduling PDSCH group  indicates an NFI value for PDSCH group  other than an NFI value indicated by a latest DCI format scheduling PDSCH group  for exactly the scheduled group should be clarified.

Proposal 6: It should be captured in the NR-U Rel-16 CR for TS38.213 correctly that for the case with indicated  value(s) for only one PDSCH group in a DCI format scheduling a PUSCH transmission, when the HARQ-ACK information to be multiplexed in the PUSCH transmission refers to only one PDSCH group, this DCI field applies to the reported PDSCH group, otherwise it applies to  when both PDSCH groups involved.

Proposal 7: It should be captured in the NR-U Rel-16 CR for TS38.212 and TS38.213 clearly how to indicate and apply two DCI fields with  values in a DCI format 0_1.
Proposal 8: When CBG-based HARQ-ACK reporting is enabled for a serving cell, spatial bundling is always not enabled 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 9: 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 10: 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 NDI value for each TB in the order of increasing TB index.
Proposal 11: For type-3 HARQ-ACK codebook determination, when not reporting NDI, the operation for TB-based HARQ-ACK feedback in the NR-U Rel-16 CR for TS38.213 should be revised to keep consistent with that for CBG-based HARQ-ACK feedback.
Proposal 12: Adopt the text proposals listed in section 3.1 for Rel-16 TS38.212.
Proposal 13: Adopt the text proposals listed in section 3.2 for Rel-16 TS38.213.
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