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Introduction
In RAN1 #101-e meeting, the following agreements were approved:
Agreement:
· UE is not expected to be configured simultaneously with Type-3 HARQ-ACK codebook, spatial bundling and CBG-based HARQ
· If spatial bundling is configured and CBG-based HARQ is not configured
· spatial bundling is applied if NDI reporting is not configured in type-3 HARQ-ACK codebook,
· otherwise, spatial bundling is not applied.
Agreement:
Allow DCI format 1_1 to simultaneously indicate a NNK1 value and indicate Scell dormancy or SPS release, for reporting in Type-2 or enhanced Type-2 HARQ-ACK codebook.
· Note: The UE is not expected to be indicated with an NNK1 value simultaneously with SCell dormancy or SPS release reporting in a Type 1 codebook.
In this contribution, we discuss the remaining issues and texts proposals for NR-U HARQ enhancements.
Remaining issues
Type-1 HARQ-ACK Codebook
When both Type-1 CB and Type-3 CB are configured to a UE, NNK1 can be configured for DCI format 1_1. In TS38.331, the NNK1 is defined as ‘-1’. The values of K1 are used to determine the set of occasions for candidate PDSCH receptions which impacts the size of Type-1 HARQ-ACK codebook. If ‘-1’ is used in the pseudo-code of determination of  occasions, redundancy HARQ-ACK bits will be included into Type-1 HARQ-ACK codebook.
Proposal 1: Type-1 HARQ-ACK codebook is determined based on the applicable value(s) of K1.
---------------------------------------- Start of TP 1 38.213 V16.2.0 section 9.1.2----------------------------------------
9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
<Unchanged parts are omitted>
For a serving cell , an active DL BWP, and an active UL BWP, as described in Clause 12, the UE determines a set of  occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot . If serving cell  is deactivated, the UE uses as the active DL BWP for determining the set of  occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:
a)	on a set of slot timing values  associated with the active UL BWP
a)	If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for either DCI format 1_1 or DCI format 1_2 on serving cell ,  is provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} 
b)	If the UE is configured to monitor PDCCH for DCI format 1_1 and is not configured to monitor PDCCH for DCI format 1_2 for serving cell ,  is the applicable value(s) provided by dl-DataToUL-ACK 
c)	If the UE is configured to monitor PDCCH for DCI format 1_2 and is not configured to monitor PDCCH for DCI format 1_1 for serving cell ,  is the applicable value(s) provided by dl-DataToUL-ACK-ForDCIFormat1_2 
d)	If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell ,  is the applicable value(s) provided by the union of dl-DataToUL-ACK and dl-DataToUL-ACK-ForDCIFormat1_2 
b)	on a set of row indexes  of a table that is associated with the active DL BWP and defining respective sets of slot offsets , start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214], where the row indexes  of the table are provided by the union of row indexes of time domain resource allocation tables for DCI formats the UE is configured to monitor PDCCH for serving cell 
<Unchanged parts are omitted>
-------------------------------------------- End of TP 1 38.213 V16.2.0 section 9.1.2----------------------------------------

Type-2 HARQ-ACK Codebook
Rel-15 RRC signaling pdsch-HARQ-ACK-Codebook is a mandatory parameter, and pdsch-HARQ-ACK-Codebook-r16 is an optional parameter. Type-2 HARQ-ACK codebook is used when only pdsch-HARQ-ACK-Codebook = dynamic is configured to the UE.
Proposal 2: Type-2 HARQ-ACK codebook is used when only pdsch-HARQ-ACK-Codebook = dynamic is configured to the UE.
------------------------------------------ Start of TP 2 38.213 V16.2.0 section 9.1.3.1----------------------------------------
9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
This clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic and not configured with pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16. 
A UE determines monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions or SPS PDSCH release on an active DL BWP of a serving cell [image: ], as described in Clause 10.1, and for which the UE transmits HARQ-ACK information in a same PUCCH in slot [image: ] based on
<Unchanged parts are omitted>
-------------------------------------------- End of TP 2 38.213 V16.2.0 section 9.1.3.1---------------------------------------

Type-3 HARQ-ACK Codebook
The following issues for Type-3 HARQ-ACK codebook do not have conclusions yet. 
(1). DTX/NACK-to-ACK Error
The example is shown in Figure 1, a UE is correctly received TB1 with HARQ process X. Because of LBT failure, the ACK cannot be reported. Based on Rel-15 HARQ order, i.e. “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]”, process X can be scheduled after slot n. If a new TB2 with HARQ process X after slot n is missed by the UE and one-shot HARQ-ACK feedback without NDI is requested, UE reports ACK for TB1 with HARQ process X. However, the excepted information by gNB is NACK for TB2. This will increase the probability of DTX/NACK-to-ACK. To resolve this problem, we proposal that the UE skips another PDSCH for a given HARQ process until after the end of the successful transmission of HARQ-ACK for that HARQ process.
Proposal 3: If a PDSCH for a given HARQ process is received, the UE skips another PDSCH for a given HARQ process until after the end of the successful transmission of HARQ-ACK for that HARQ process.


Figure 1. DTX-to-ACK error for one-shot feedback
(2). Type-3 Codebook Determination
In RAN1 #100e meeting, we had a leftover on the type 3 codebook generation for the case where the UE has reported the HARQ-ACK for a PDSCH, and the UE was triggered to report one-shot HARQ-ACK feedback. But before the corresponding PUCCH occasion, the UE has detected another DCI format that schedules a PDSCH retransmission. This is a reasonable case, as the UE has reported the HARQ-ACK, the gNB might send a retransmission based on its decoding outcome. From the UE point of view, if the PDSCH is a retransmission, and if the UE has previously reported ACK, the UE will continue reporting ACK in type 3 codebook. But if the UE has previously reported NACK, the UE will report ACK or NACK based on the outcome of the decoding of the PDSCH retransmission. If the UE does not have enough processing time for PDSCH decoding before type 3 codebook generation, the UE shall report NACK. 
Proposal 4: To prepare the one-shot codebook, when UE has previously reported HARQ-ACK with a TB for a HARQ process number, if the UE has detected another DCI format scheduling a PDSCH with a TB for the same HARQ process number, and the UE does not have enough processing time for PDSCH decoding, the UE reports previously reported HARQ-ACK if the PDSCH is a retransmission; NACK, otherwise.
---------------------------------------- Start of TP 3 38.213 V16.2.0 section 9.1.4----------------------------------------
9.1.4	Type-3 HARQ-ACK codebook determination 
<Unchanged parts are omitted>
if 
while 
<Unchanged parts are omitted>
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 subsequently detected a DCI format scheduling a PDSCH reception with NDI not toggled with TB  for HARQ process number  on serving cell  
while 
[image: ]= latest reported 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 subsequently detected a DCI format scheduling a PDSCH reception with NDI toggled with TB  for HARQ process number  on serving cell  
while 
[image: ]
 
 
end while
end if
 
 
end while
<Unchanged parts are omitted>
------------------------------------------End of TP 3 38.213 V16.2.0 section 9.1.4--------------------------------------------
(3). Multiplexing timeline
The UCI multiplexing timeline based on DCI triggering one-shot feedback is not included in current spec.
Proposal 5: Adopt TP4 for UCI multiplexing timeline based on DCI triggering one-shot feedback.
[bookmark: _Toc12021480][bookmark: _Toc20311592][bookmark: _Toc26719417][bookmark: _Toc29894852][bookmark: _Toc29899151][bookmark: _Toc29899569][bookmark: _Toc29917306]----------------------------------------Start of TP 4 38.213 V16.2.0 section 9.2.5 --------------------------------------------9.2.5	UE procedure for reporting multiple UCI types
<Unchanged parts are omitted>
If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Clauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. If one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first symbol [image: ] of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions
-	[image: ] is not before a symbol with CP starting after  after a last symbol of any corresponding PDSCH,  is given by maximum of  where for the i-th PDSCH with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs and PUSCHs, ,  is selected for the i-th PDSCH following [6, TS 38.214],  is selected based on the UE PDSCH processing capability of the i-th PDSCH and SCS configuration , where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH scheduling the i-th PDSCH (if any), the i-th PDSCH, the PUCCH with corresponding HARQ-ACK transmission for i-th PDSCH, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs. 
-	[image: ] is not before a symbol with CP starting after  after a last symbol of any corresponding SPS PDSCH release or of a DCI format 1_1 indicating SCell dormancy as described in Clause 10.3 or a request for a Type-3 HARQ-ACK codebook report.  is given by maximum of  where for the i-th PDCCH providing the SPS PDSCH release or the DCI format 1_1 or the request for a Type-3 HARQ-ACK codebook report with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs and PUSCHs, ,  is described in Clause 10.2 and is selected based on the UE PDSCH processing capability of the i-th SPS PDSCH release or the DCI format 1_1 or the request for a Type-3 HARQ-ACK codebook report and SCS configuration , where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH providing the i-th SPS PDSCH release or the DCI format 1_1 or a request for a Type-3 HARQ-ACK codebook report, the PUCCH with corresponding HARQ-ACK transmission for i-th SPS PDSCH release or the DCI format 1_1 or the request for a Type-3 HARQ-ACK codebook report, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs. 
-	if there is no aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs, [image: ] is not before a symbol with CP starting after  after a last symbol of 
-	any PDCCH with the DCI format scheduling an overlapping PUSCH, and 
[bookmark: _GoBack]-	any PDCCH scheduling a PDSCH or SPS PDSCH release or a request for a Type-3 HARQ-ACK codebook report with corresponding HARQ-ACK information in an overlapping PUCCH in the slot
[bookmark: _Hlk14280248]If there is at least one PUSCH in the group of overlapping PUCCHs and PUSCHs,  is given by maximum of  where for the i-th PUSCH which is in the group of overlapping PUCCHs and PUSCHs, , ,  and  are selected for the i-th PUSCH following [6, TS 38.214],  is selected based on the UE PUSCH processing capability of the i-th PUSCH and SCS configuration , where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH scheduling the i-th PUSCH (if any), the PDCCHs scheduling the PDSCHs or a request for a Type-3 HARQ-ACK codebook report with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs/PUSCHs, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs.
If there is no PUSCH in the group of overlapping PUCCHs and PUSCHs, is given by maximum of  where for the i-th PDSCH with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs, , is selected based on the UE PUSCH processing capability of the PUCCH serving cell if configured.   is selected based on the UE PUSCH processing capability 1, if PUSCH processing capability is not configured for the PUCCH serving cell.  is selected based on the smallest SCS configuration between the SCS configuration used for the PDCCH scheduling the i-th PDSCH or a request for a Type-3 HARQ-ACK codebook report (if any) with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs, and the SCS configuration for the PUCCH serving cell.
-	if there is an aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs, [image: ] is not before a symbol with CP starting after  after a last symbol of 
-	any PDCCH with the DCI format scheduling an overlapping PUSCH, and
-	any PDCCH scheduling a PDSCH, or SPS PDSCH release, or providing a DCI format 1_1 indicating SCell dormancy or a request for a Type-3 HARQ-ACK codebook report with corresponding HARQ-ACK information in an overlapping PUCCH in the slot
where  corresponds to the smallest SCS configuration among the SCS configuration of the PDCCHs, the smallest SCS configuration for the group of the overlapping PUSCHs, and the smallest SCS configuration of CSI-RS associated with the DCI format scheduling the PUSCH with the multiplexed aperiodic CSI report, and  for  ,  for  and  for 
-	, , , , , and  are defined in [6, TS 38.214], and  and  are defined in [4, TS 38.211]. 
----------------------------------------End of TP 4 38.213 V16.2.0 section 9.2.5 ---------------------------------------------

Conclusions
In this contribution, we show our views on the remaining issues and text proposals for NR-U HARQ enhancements. The text proposals are provided in section 2 and the proposals include:
Proposal 1: Type-1 HARQ-ACK codebook is determined based on the applicable value(s) of K1.
Proposal 2: Type-2 HARQ-ACK codebook is used when only pdsch-HARQ-ACK-Codebook = dynamic is configured to the UE.
Proposal 3: If a PDSCH for a given HARQ process is received, the UE skips another PDSCH for a given HARQ process until after the end of the successful transmission of HARQ-ACK for that HARQ process.
Proposal 4: To prepare the one-shot codebook, when UE has previously reported HARQ-ACK with a TB for a HARQ process number, if the UE has detected another DCI format scheduling a PDSCH with a TB for the same HARQ process number, and the UE does not have enough processing time for PDSCH decoding, the UE reports previously reported HARQ-ACK if the PDSCH is a retransmission; NACK, otherwise.
Proposal 5: Adopt TP4 for UCI multiplexing timeline based on DCI triggering one-shot feedback.
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