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[bookmark: _Toc517265053][bookmark: _Ref494282908]9.1	HARQ-ACK codebook determination
If a UE receives a PDSCH without receiving a corresponding PDCCH, or if the UE receives a PDCCH indicating a SPS PDSCH release, the UE generates one corresponding HARQ-ACK information bit.
If a UE is not provided PDSCH-CodeBlockGroupTransmission, the UE generates one HARQ-ACK information bit per transport block. 
A UE does not expect to be indicated to transmit HARQ-ACK information for more than onetwo SPS PDSCH receptions in a same PUCCH. 
In the following, the CRC for DCI format 1_0 is scrambled with a C-RNTI, an MCS-C-RNTI, or a CS-RNTI and the CRC for DCI format 1_1 is scrambled with a C-RNTI or an MCS-C-RNTI.
[bookmark: _Ref497329097][bookmark: _Toc517265055]< Unchanged parts are omitted >

9.1.2	Type-1 HARQ-ACK codebook determination
< Unchanged parts are omitted >
If a UE reports HARQ-ACK information in a PUCCH only for
-	a SPS PDSCH release indicated by DCI format 1_0 with counter DAI field value of 1 on the PCell, or
-	a PDSCH reception scheduled by DCI format 1_0 with counter DAI field value of 1 on the PCell, or 
-	SPS PDSCH reception(s) 


within the occasions for candidate PDSCH receptions as determined in Subclause 9.1.2.1, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only for the PDSCH reception or only for the SPS PDSCH reception(s) according to corresponding  occasion(s) on respective serving cell(s); otherwise, the procedures in Subclause 9.1.2.1 and Subclause 9.1.2.2 for a HARQ-ACK codebook determination apply.
< Unchanged parts are omitted >

[bookmark: _Toc517265057]9.1.2.2	Type-1 HARQ-ACK codebook in physical uplink shared channel
If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0, then 


-	if the UE has not received any PDSCH or SPS PDSCH release that the UE transmits corresponding HARQ-ACK information in the PUSCH, based on a value of a respective PDSCH-to-HARQ feedback timing field in a DCI format scheduling the PDSCH reception or the SPS PDSCH release or on the value of the dl-DataToUL-ACK if the PDSCH-to-HARQ feedback timing field is not present in the DCI format, in any of the  occasions for candidate PDSCH receptions by DCI format 1_0 or DCI format 1_1 or SPS PDSCH on any serving cell , as described in Subclause 9.1.2.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;

-	else the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1, except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH, unless the UE receives only a SPS PDSCH release, or only SPS PDSCH reception(s), or only a PDSCH that is scheduled by DCI format 1_0 with a counter DAI field value of 1 on the PCell in the  occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as described in Subclause 9.1.2.
A UE sets to NACK value in the HARQ-ACK codebook any HARQ-ACK information corresponding to PDSCH reception or SPS PDSCH release that the UE detects in a PDCCH monitoring occasion that starts after a PDCCH monitoring occasion where the UE detects a DCI format 0_0 or a DCI format 0_1 scheduling the PUSCH transmission.


A UE does not expect to detect a DCI format switching a DL BWP within  symbols prior to a first symbol of a PUSCH transmission where the UE multiplexes HARQ-ACK information, where  is defined in [6, TS 38.214]. 



If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 when a value of the DAI field in DCI format 0_1 is  except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH. The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when  unless the UE receives only a SPS PDSCH release, or only a SPS PDSCH reception(s), or only a PDSCH that is scheduled by DCI format 1_0 with a counter DAI field value of 1 on the PCell in the  occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception(s) as described in Subclause 9.1.2.
[bookmark: _Ref497329141][bookmark: _Toc517265058]9.1.3	Type-2 HARQ-ACK codebook determination 
This subclause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic.
[bookmark: _Ref500250940][bookmark: _Toc517265059]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel


A UE determines monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release on an active DL BWP of a serving cell , as described in Subclause 10.1, and for which the UE transmits HARQ-ACK information in a same PUCCH in slot  based on

-	PDSCH-to-HARQ_feedback timing values for PUCCH transmission with HARQ-ACK information in slot  in response to PDSCH receptions or SPS PDSCH release

 -	slot offsets  [6, TS 38.214] provided by time domain resource assignment field in DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release and by pdsch-AggregationFactor, when provided.

The set of PDCCH monitoring occasions for DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells, ordered in ascending order of start time of the search space set associated with a PDCCH monitoring occasion. The cardinality of the set of PDCCH monitoring occasions defines a total number  of PDCCH monitoring occasions.


A value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release(s) associated with DCI format 1_0 or DCI format 1_1 is present, up to the current serving cell and current PDCCH monitoring occasion, first in increasing order of serving cell index and then in increasing order of PDCCH monitoring occasion index , where . 

The value of the total DAI, when present [5, TS 38.212], in DCI format 1_1 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release(s) associated with DCI format 1_0 or DCI format 1_1 is present, up to the current PDCCH monitoring occasion  and is updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 
< Unchanged parts are omitted >



If a UE is not provided PDSCH-CodeBlockGroupTransmission for each of the  serving cells, or for PDSCH receptions scheduled by DCI format 1_0, or for SPS PDSCH receptions, or for SPS PDSCH release, and if , the UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH, as described in Subclause 7.2.1, as 


< Unchanged parts are omitted >
If a UE 

-	is provided PDSCH-CodeBlockGroupTransmission for  serving cells; and


-	is not provided PDSCH-CodeBlockGroupTransmission, for  serving cells where 

the UE determines the  according to the previous pseudo-code with the following modifications



-	 is used for the determination of a first HARQ-ACK sub-codebook for SPS PDSCH releases, SPS PDSCH receptions, and for TB-based PDSCH receptions scheduled by DCI formats 1_0 on the  serving cells and by DCI formats 1_0 and DCI formats 1_1 on the  serving cells



-	 is replaced by  for the determination of a second HARQ-ACK sub-codebook corresponding to the  serving cells for CBG-based PDSCH receptions scheduled by DCI format 1_1, and











-	Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the  serving cells, the UE generates  HARQ-ACK information bits, where  is the maximum value of  across all  serving cells and  is the value of maxNrofCodeWordsScheduledByDCI for serving cell . If for a serving cell  it is , the UE generates NACK for the last  HARQ-ACK information bits for serving cell 
-	The pseudo-code operation when harq-ACK-SpatialBundlingPUCCH is provided is not applicable
-	The counter DAI value and the total DAI value apply separately for each HARQ-ACK sub-codebook
-	The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first HARQ-ACK sub-codebook
[bookmark: _Toc517265060]< Unchanged parts are omitted >

9.1.3.2	Type-2 HARQ-ACK codebook in physical uplink shared channel
If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0, then

-	if the UE has not received any PDCCH within the monitoring occasions for DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release on any serving cell  and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception(s) to multiplex in the PUSCH, as described in Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;
-	else, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.3.1, except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.3.1, with the following modifications:













-	For ,  and for ,  is replaced by  where  is the value of the DAI field in DCI format 0_1 according to Table 9.1.3-2 and, fFor the pseudo-code for the HARQ-ACK codebook generation in Subclause 9.1.3.1, after the completion of the  and  loops, the UE sets  where  is the value of the DAI field in DCI format 0_1 according to Table 9.1.3-2may assume any value for  and may assume reception of a PDSCH or a SPS PDSCH release on a serving cell associated with a PDCCH providing a  in PDCCH monitoring occasion 
-	For the case of first and second HARQ-ACK sub-codebooks, DCI format 0_1 includes a first DAI field corresponding to the first HARQ-ACK sub-codebook and a second DAI field corresponding to the second HARQ-ACK sub-codebook
-	harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.





If a UE is not provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format 0_1 with DAI field value  and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release on any serving cell  and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception(s) to multiplex in the PUSCH, as described in Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission.If a UE is provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format 0_1 with first DAI field value  or with second DAI field value  and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 or with DCI format 1_1, respectively, for scheduling PDSCH receptions or SPS PDSCH release on any serving cell  and the UE does not have HARQ-ACK information in response to SPS PDSCH reception(s) to multiplex in the PUSCH, as described in Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK information for the first sub-codebook or for the second sub-codebook, respectively, in the PUSCH transmission.
< Unchanged parts are omitted >
[bookmark: _Ref496790351][bookmark: _Ref496790353][bookmark: _Ref496969655][bookmark: _Ref496969658][bookmark: _Ref500241945][bookmark: _Toc517265064]9.2.3	UE procedure for reporting HARQ-ACK
< Unchanged parts are omitted >






With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception ending in slot  or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception ending in slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK. If the PDSCH SCS is equal to or larger than the PUCCH SCS or, in case of SPS PDSCH release if the PDCCH SCS is equal to or larger than the PUCCH SCS,  corresponds to the last slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release. If the PDSCH SCS is smaller than the PUCCH SCS or, in case of SPS PDSCH release if the PDCCH SCS is smaller than the PUCCH SCS,  corresponds to the last slot of the PUCCH transmission that overlaps withends at a same time as the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release.    
[bookmark: _Toc517265066]< Unchanged parts are omitted >


[bookmark: _Toc517265072][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
If a UE is provided one or more search space sets by corresponding one or more searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and the UE is provided a C-RNTI, an MCS-C-RNTI, or a CS-RNTI, the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI. 
[bookmark: _Toc517265073]For paired spectrum operation, a UE does not expect to detect in a same PDCCH monitoring occasion more than one DCI format 0_0 and DCI format 0_1 or to detect more than one DCI format 1_0 and DCI format 1_1 associated with PUSCH transmission or with PDSCH reception and SPS PDSCH release on a same serving cell.
For unpaired spectrum operation, a UE does not expect to detect in a same PDCCH monitoring occasion more than two DCI format(s) 0_0 and DCI format(s) 0_1 or to detect more than two DCI format(s) 1_0 and DCI format(s) 1_1 associated with PUSCH transmissions or with PDSCH receptions and SPS PDSCH release on a same serving cell.
< Unchanged parts are omitted >
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