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[bookmark: _Ref7476982]Introduction 
The Rel-16 WI on NR-U was completed at RAN1#99 meeting. However, there are still several remaining issues need further clarification. Therefore, we provide our views on the remaining issues of HARQ-ACK transmission.
Enhanced dynamic HARQ-ACK transmission 
In the last RAN1 meeting, the behaviour regarding fallback DCI format 1_0 was agreed. According to the agreement, the PDSH group ID is 0 by default. The NFI value associated with a DCI format 1_0 follows the DCI format 1_1 which indicates the PDSCH group #0 and the same slot for HARQ-ACK transmission. 

Agreement:
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

For a group of PDSCH with the same group ID and associated with same NFI value, following two special cases need further consideration.
· Case 1: the first DCI of a PDSCH group is DCI format 1_0 without NFI field, for which the associated NFI value is temporarily not available until the next DCI format 1_1 of the same PDSCH group is received.
· Case 2: the last DCI of a PDSCH group is DCI format 1_0 without NFI field, for which the associated NFI value is derived by a previous DCI format 1_1 of the same PDSCH group. 



Figure 1: DCI format 1_0
The current specification needs to be revised to capture the clear operations of the two cases.

Proposal 1: Revise the specification to clarify the operations of two cases of DCI format 1_0.  

Text proposal for section 9.1.3.3 in 38.213-g10. [bookmark: _Toc29894845][bookmark: _Toc29899144][bookmark: _Toc29899562][bookmark: _Toc29917299][bookmark: _Toc36498173]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 index field in a DCI format. If the DCI format schedules PDSCH reception and does not include a PDSCH group index 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  and indicating a slot for HARQ-ACK transmission. If the DCI format schedules PDSCH reception and does not include the first New_Feedback indicator field, set  to the value of  provided by another DCI format, if any, providing the same value of  and indicating the same slot for HARQ-ACK transmission
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 number of requested PDSCH group(s) field, if any
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 the same value of  and a different than  value
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
-	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 the same value of  and a different than  value
-	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.


For enhanced dynamic HARQ-ACK codebook, the main reason to introduce more than 1 PDSCH groups is to account for the UE processing delay. As shown in Figure 2, the first 2 blue PDSCHs could use PDSCH group 1 since there is no enough UE processing time between the two PDSCHs and PUCCH U1. Since different PDSCH groups are used, NFI/C-DAI/T-DAI runs independently. 


Figure 2: Enhanced dynamic codebook with 2 PDSCH groups

However, there is no explicit agreement that whether PDSCH group 0 could be used in the first two blue PDSCHs or same group can be also indicated to both green and blue PDSCHs. If PDSCH group 0 is used, it become problematic regardless of whether  NFI is set to 0 or 1. As shown in Figure 3, if NFI for the blue PDSCH equals to 1, i.e. toggled compared to green PDSCHs, there is no chance to retransmit HARQ-ACK for green PDSCH if PUCCH U2 is failed. On the other hand, if NFI for the blue PDSCH equals to 0, C-DAI/T-DAI has to be continuous for all green and blue PDSCHs, and then the HARQ-ACK transmission on PUCCH U1 becomes useless.


Figure 3: Enhanced dynamic codebook using single PDSCH group

Based on the above analysis, it is needed to explicitly clarify that UE does not expect to receive a DL grant which schedules a PDSCH of the same PDSCH group and indicates a PUCCH resource in a slot later than a pending PUCCH transmission of the same PDSCH group. 

Proposal 2: A UE does not expect to receive a DL grant which schedules a PDSCH of the same PDSCH group and indicates a PUCCH resource in a slot later than a pending PUCCH transmission of the same PDSCH group. 

Text proposal for section 9.1.3.3 in 38.213-g10. 
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
-	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. The UE does not expect that   is later than 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.

If NFI/T-DAI is configured to be present in a DCI for both two PDSCH groups, and if  for the number of requested PDSCH group(s) field, UE only reports HARQ-ACK for the scheduled group. In this case, one question is how to interpret the NFI/T-DAI field for the non-scheduled group in the DCI. 
· Option 1: the NFI/T-DAI field for the non-scheduled group is ignored;
· Option 2: the NFI/T-DAI field for the non-scheduled group is considered valid. With this interpretation, if the non-scheduled group is group #0 and if a DCI format 1_0 is received later which triggers HARQ-ACK feedback for group #0, UE can know a proper NFI for group #0 even for the case that UE doesn’t receive any DCI  scheduling group #0 with NFI value. 
Though Option 2 is better in performance, it is expected that the gain is marginal, so we prefer to clarify Option 1 is the correct behaviour. No changes needed for the current specification 

Proposal 3: If NFI/T-DAI is configured to be present in a DCI for both two PDSCH groups, and if  for the number of requested PDSCH group(s) field, the NFI/T-DAI field for the non-scheduled group is ignored.
One-shot HARQ-ACK transmission 
In RAN1 #100e meeting, it was discussed on how to handle a HARQ process in one-shot feedback if a DCI is detected but the PDSCH scheduled by the DCI is not decoded before the HARQ-ACK transmission in the one-shot feedback due to the insufficient processing time. The time resource of the PDSCH with insufficient processing time may be before, at or after the timing of the PUCCH carrying one-shot feedback. Therefore, a key question is how to handle the case that DCI is detected but PDSCH is not decoded with sufficient processing time for one-shot feedback. 

A simplest way is to consider it as an error case. However, it results in loss of peak data rate, as shown in Figure 4. 


Figure 4: No PDSCH scheduling within a window of PDSCH processing time

Therefore, it is preferable to allow the case and UE report a HARQ-ACK for the HARQ process according to latest detected DCI by which the scheduled PDSCH is not decoded yet. There are two cases depending on the NDI toggling or not in the latest detected DCI. 
· Case 1: if the NDI in the latest detected DCI is NOT toggled
In this case, the gNB schedules retransmission for a TB of a HARQ process and the UE should just report the HARQ-ACK for the same TB of the HARQ process. Specifically, if the UE ever reports an ACK for the same TB in earlier HARQ-ACK transmission, but the gNB fails to decode the HARQ-ACK information, then the gNB may schedule the retransmission of the same TB again. Therefore, the UE could retransmit ACK for the HARQ process in one-shot feedback. 
· Case 2: if the NDI in the latest detected DCI is toggled
In this case, the UE could know that the gNB already correctly received HARQ-ACK transmission for the previous TB of a HARQ process. Therefore, the UE should report a NACK. Otherwise, it may result in NACK-to-ACK error if the UE reports an ACK for the previous TB. As shown in Figure 5, the reception of a latest DCI with toggled NDI without sufficient time for PDSCH decoding may be due to the missing of the actual initial transmission of the new TB. If the UE reports ACK for the previous TB, the gNB will misunderstand it as ACK for the initial scheduling of the new TB. Therefore, the only correct behaviour in Case 2 is reporting NACK. 




Figure 5: No PDSCH scheduling within a window of PDSCH processing time

Proposal 4: For the case that DCI is detected but PDSCH is not decoded with sufficient processing time for one-shot feedback, 
· Case 1: if the NDI in the latest detected DCI is NOT toggled, UE report actual HARQ-ACK for the HARQ process;
· Case 2: if the NDI in the latest detected DCI is toggled, UE reports NACK for the HARQ process.

Text proposal for section 9.1.4 in 38.213-g10. 
…
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 with non-toggled NDI, or has not received a SPS PDSCH, with TB  for HARQ process number  on serving cell 
while 
[image: ]
 
 
end while
end if
else 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 
[image: ]= HARQ-ACK information bit for CBG  of TB  for HARQ process number  of serving cell 
 
 
end while
end if
…
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 with non-toggled NDI, or has not received a SPS PDSCH, with TB  for HARQ process number  on serving cell 
[bookmark: _Hlk36468040][image: ]= NACK
 
 
end if
else 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
[image: ]= HARQ-ACK information bit for TB  for HARQ process  of serving cell 
 
 
end if

Regarding a SPS PDCCH release, the HARQ process ID field in the DCI is already occupied for PDCCH validation. Since TDRA field in DCI 1_0 for SPS PDSCH release is not used and it has a fixed size of 4 bits, the TDRA field could be reused to indicate a HARQ process ID for one-shot feedback. 

Proposal 5: For SPS PDSCH release, the associated HARQ process ID is indicated by TDRA field in DCI 1_0 for SPS PDSCH release.

Text proposal for section 9.1.4 in 38.213-g10. 
[bookmark: _Toc29894846][bookmark: _Toc29899145][bookmark: _Toc29899563][bookmark: _Toc29917300]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. 
…
If a UE receives a SPS PDSCH, or a PDSCH that is scheduled by a DCI format 1_0 for a serving cell  and if maxCodeBlockGroupsPerTransportBlock is provided for serving cell , and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided, the UE repeats  times the HARQ-ACK information for the transport block in the PDSCH. If a UE receives a SPS PDSCH release, the HARQ process number used in Type-3 HARQ-ACK codebook determination is indicated by time domain resource assignment field in the DCI carrying the SPS PDSCH release.
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 Clause 9.2.5. The UE multiplexes only the Type-3 HARQ-ACK codebook in the PUCCH or the PUSCH for transmission in the slot.

One-shot feedback can be triggered by a DCI 1_1 with or without PDSCH scheduling. For one-shot feedback, it was agreed that one value of the frequency domain resource assignment field indicates that this DCI does not schedule a PDSCH. 

Agreement: for NR-U
If a UE is configured to monitor feedback request for one-shot HARQ-ACK codebook feedback and the feedback is requested in DL DCI 1_1
· This DL DCI can either schedule or not schedule a PDSCH
· Working assumption: One value of the frequency domain resource assignment field indicates that this DCI does not schedule a PDSCH
· If the DL DCI does not schedule a PDSCH, the HARQ process ID and NDI fields are ignored by the UE
· If UE is triggered to report both one-shot and other HARQ-ACK feedback in the same slot, the UE reports only the one-shot feedback.

The special value could be all ‘1’ for FDRA type 1 and all ‘0’ for FDRA type 0. However, the same special values were already agreed in MR-DC&eCA WI. Therefore, joint consideration for the two WIs are needed. The simplest way is to avoid the simultaneous support of one-shot feedback triggering and SCell dormancy switching indication in a DCI if the DCI doesn’t schedule a PDSCH. Table 1 summarize the potential combinations. The combination of special value of FDRA and value ‘0’ for one-shot HARQ-ACK request is a reserved state for NR-U. If this reserved value is used for SCell dormancy switching indication, one-shot feedback in NR-U is not impacted by the behaviour of SCell dormancy switching. When FDRA indicates a valid frequency resource, PDSCH transmission is scheduled. One-shot feedback triggering and SCell dormancy switching indication are controlled by one-shot HARQ-ACK request field and SCell dormancy indication field respectively. 

Table 1: Indication of one-shot feedback and SCell dormancy switching
	DCI
	Data transmission
	One-shot feedback
	Dormancy switching

	FDRA
	one-shot HARQ-ACK request
	
	
	

	Special value
	1
	N
	Y
	N

	Special value
	0
	N
	N
	Y

	valid FDRA
	1
	Y
	Y
	by SCell dormancy indication field

	valid FDRA
	0
	Y
	N
	By SCell dormancy indication field



Proposal 6: Confirm the working assumption and the special value triggering one-shot feedback w/o scheduled PDSCH in DCI format 1_1 are.
· FDRA field set to all 1s when type 1 RA is used for UE;
· FDRA field set to all 0s when type 0 RA is used for UE. 

Text proposal for section 10.3 in 38.213-g10.  If the UE detects a DCI format that includes a one-shot HARQ-ACK request field with value 1, and if If a UE is provided search space sets to monitor PDCCH for detection of DCI format 1_1, and if
-	the CRC of DCI format 1_1 is scrambled by a C-RNTI or a MCS-C-RNTI, and if 
-	resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 0, or
-	resourceAllocation = resourceAllocationType1 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 1
-	resourceAllocation = dynamicSwitch and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 0 or 1
the UE considers the DCI format 1_1 as indicating SCell dormancy, not scheduling a PDSCH reception or indicating a SPS PDSCH release, and for transport block 1 interprets the sequence of fields of
-	modulation and coding scheme
-	new data indicator
-	redundancy version
and of
-	HARQ process number
-	antenna port(s)
-	DMRS sequence initialization
as providing a bitmap to each configured SCell, in an ascending order of the SCell index, where
-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormant-BWP, for the UE for a corresponding activated SCell 
-	a '1' value for a bit of the bitmap indicates 
-	an active DL BWP, provided by first-non-dormant-BWP-ID-for-DCI-inside-active-time, for the UE for a corresponding activated SCell, if a current active DL BWP is the dormant DL BWP
-	a current active DL BWP, for the UE for a corresponding activated SCell, if the current active DL BWP is not the dormant DL BWP
-	the UE sets the active DL BWP to the indicated active DL BWP 

Conclusion
In this contribution, we discussed the remaining issues on HARQ-ACK transmission for operations on unlicensed spectrum, and we derived the following proposals. It is proposed to agree on the text proposals related to the following proposals. 
Proposal 1: Revise the specification to clarify the operations of two cases of DCI format 1_0.  

Proposal 2: UE does not expect to receive a DL grant which schedules a PDSCH of the same PDSCH group and indicates a PUCCH resource in a slot later than a pending PUCCH transmission of the same PDSCH group. 

Proposal 3: If NFI/T-DAI is configured to be present in a DCI for both two PDSCH groups, and if  for the number of requested PDSCH group(s) field, the NFI/T-DAI field for the non-scheduled group is ignored.

Proposal 4: For the case that DCI is detected but PDSCH is not decoded with sufficient processing time for one-shot feedback, 
· Case 1: if the NDI in the latest detected DCI is NOT toggled, UE report actual HARQ-ACK for the HARQ process;
· Case 2: if the NDI in the latest detected DCI is toggled, UE reports NACK for the HARQ process.

Proposal 5: For SPS PDSCH release, the associated HARQ process ID is indicated by TDRA field in DCI 1_0 for SPS PDSCH release.

Proposal 6: Confirm the working assumption and the special value triggering one-shot feedback w/o scheduled PDSCH in DCI format 1_1 are.
· FDRA field set to all 1s when type 1 RA is used for UE;
· FDRA field set to all 0s when type 0 RA is used for UE. 
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