
9.1
HARQ-ACK codebook determination
If a UE receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, the UE generates HARQ-ACK information only for the transport block in the PDSCH. 
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 configured with higher layer parameter CBG-DL = ON, the UE generates one HARQ-ACK information bit per transport block. 
A HARQ-ACK information bit value of 0 represents a negative acknowledgement (NACK) while a HARQ-ACK information bit value of 1 represents a positive acknowledgement (ACK).
9.1.1
CBG-based HARQ-ACK codebook determination

If a UE is configured per serving cell with higher layer parameter CBG-DL = ON, the UE receives PDSCHs that include code block groups (CBGs) of a transport block. If the UE is configured by higher layer parameter CBG-DL = ON, the UE is configured by higher layer parameter CBGs-per-TB-DL per serving cell a maximum number 
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For a number of 
[image: image2.wmf]C

 code blocks (CBs) in a transport block, the UE determines a number of CBGs as 
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 HARQ-ACK information bits through a one-to-one mapping with the 
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 CBGs. If the UE receives two transport blocks, the UE concatenates the HARQ-ACK information bits for the second transport block after the HARQ-ACK information bits for the first transport block. The UE generates an ACK for the HARQ-ACK information bit of a CBG if the UE correctly received all code blocks of the CBG and generates a NACK for the HARQ-ACK information bit of a CBG if the UE incorrectly received at least one code block of the CBG. 
A retransmission of a transport block to a UE, corresponding to a same HARQ process as a previous transmission of the transport block to the UE, includes the same CBs in a CBG as the initial transmission of the transport block. 

If DCI format 1_1 schedules the retransmission of the transport block and includes a CBG transmission information (CBGTI) field of 
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 is the value of higher layer parameter Number-MCS-HARQ-DL-DCI for serving cell 
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 bits of the CBGTI field for the transport block have a one-to-one mapping with the 
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 CBGs of the transport block. The UE determines whether or not a CBG is retransmitted based on a corresponding value of the CBGTI field where a binary 1 indicates that a corresponding CBG is retransmitted and a binary 1 indicates that a corresponding CBG is not retransmitted.  
If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the HARQ-ACK codebook includes the 
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 for a transport block, the UE generates a NACK value for the last 
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 HARQ-ACK information bits for the transport block in the HARQ-ACK codebook. 
If the UE generates a HARQ-ACK codebook in response to a retransmission of a transport block, corresponding to a same HARQ process as a previous transmission of the transport block, the UE generates an ACK for each CBG that the UE correctly decoded in a previous transmission of the transport block.  

If a UE correctly detects each of the 
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 CBGs and does not correctly detect the transport block for the 
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 CBGs, the UE generates a NACK value for each of the 
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If a UE receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, and if the UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the UE repeats 
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 times the HARQ-ACK information for the transport block in the PDSCH for generating 
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 HARQ-ACK information bits as described in Subclause 9.1.2. 
9.1.2
Type-1 HARQ-ACK codebook determination

This subclause applies if the UE is configured with HARQ-ACK-codebook=semi-static.
If a UE receives only a PDSCH on the PCell within the
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 occasions for candidate PDSCH receptions 
as determined in Subclause 9.1.2.1
, the UE determines a HARQ-ACK codebook only for the PDSCH. The following procedures for a HARQ-ACK codebook determination apply when the UE does not receive only a PDSCH on the PCell.
9.1.2.1
Type-1 HARQ-ACK codebook in physical uplink control channel

For a serving cell 
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 and the active DL BWP and the active UL BWP, as described in Subclause 12, the UE determines a set of 
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 occasions for candidate PDSCH receptions or SPS PDSCH release for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot 
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. The determination for serving cell 
[image: image31.wmf]c
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a) on a set of slot timing values 
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a. If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release on serving cell 
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, 
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 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_0 for scheduling of PDSCH receptions on serving cell 
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, 
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 is  provided by higher layer parameter DL-data-DL-acknowledgement;
c. If the UE is configured to monitor PDCCH for both DCI format 1_0 and DCI format 1_1 for scheduling of PDSCH receptions or of SPS PDSCH release on serving cell 
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, 
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 is  provided by the union of the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} and the slot timing values provided by higher layer parameter DL-data-DL-acknowledgement; and
b) when provided, on a set of row indexes of a table provided by higher layer parameter pdsch-symbolAllocation and defining respective sets of slot offsets 
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, start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]; and
c) when provided, on higher layer parameter UL-DL-configuration-common, higher layer parameter UL-DL-configuration-common-Set2, and higher layer parameter UL-DL-configuration-dedicated as described in Subclause 11.1; and
d) on a PDCCH monitoring periodicity, a PDCCH monitoring offset, and a PDCCH monitoring pattern within a slot for each search space in the set of search spaces configured to the UE for PDCCH candidates corresponding to DCI format 1_0 or DCI format 1_1 for serving cell 
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 as described in Subclause 10.1.

For the set of slot timing values 
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 occasions for candidate PDSCH receptions according to the following pseudo-code. 
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if the UE is provided higher layer parameter UL-DL-configuration-common, or higher layer parameter UL-DL-configuration-common-Set2, or higher layer parameter UL-DL-configuration-dedicated and at least one OFDM symbol of the PDSCH time resource derived by row 
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 of pdsch-symbolAllocation, does not include at least one configured PDCCH monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 
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 to the smallest last OFDM symbol index among all rows of 
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For rows of pdsch-symbolAllocation associated with a same value of 
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, the UE is not expected to receive more than one PDSCH in a same slot.  

If an occasion for a candidate PDSCH reception can be in response to a PDCCH with DCI format 1_1 and if higher layer parameter Number-MCS-HARQ-DL-DCI indicates reception of two transport blocks, when the UE receives a PDSCH with one transport block, the HARQ-ACK response is associated with the first transport block and the UE generates a NACK for the second transport block if spatial bundling is not applied (HARQ-ACK-spatial-bundling-PUCCH = FALSE) and generates HARQ-ACK value of ACK for the second transport block if spatial bundling is applied. 
A UE shall determine 
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 HARQ-ACK information bits of a HARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In the following pseudo-code, if the UE does not receive a transport block or a CBG, due to the UE not detecting a corresponding PDCCH with DCI format 1_0 or DCI format 1_1, the UE generates a NACK value for the transport block or the CBG. 
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if HARQ-ACK-spatial-bundling-PUCCH = FALSE, CBG-DL = OFF and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for serving cell 
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elseif HARQ-ACK-spatial-bundling-PUCCH = TRUE, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for serving cell 
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elseif CBG-DL = ON, and 
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 CBGs indicated by higher layer parameter CBGs-per-TB-DL for serving cell 
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 = HARQ-ACK bit corresponding to CBG 
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 of the first transport block;
if the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for serving cell 
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 is the value of higher layer parameter Number-MCS-HARQ-DL-DCI for serving cell 
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9.1.2.2
Type-1 HARQ-ACK codebook in physical uplink shared channel

If a UE multiplexes HARQ-ACK in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 except that HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.

If a UE multiplexes HARQ-ACK 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 
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9.1.3
Type-2 HARQ-ACK codebook determination 
This subclause applies if the UE is configured with HARQ-ACK-codebook=dynamic.
9.1.3.1
Type-2 HARQ-ACK codebook in physical uplink control channel
Based on maximum and minimum PDSCH-to-HARQ_feedback timing values provided to a UE by higher layer parameter DL-data-DL-acknowledgement, the UE determines monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or DL SPS release on a serving cell 
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 and for which the UE transmits HARQ-ACK in a same PUCCH based on respective PDSCH-to-HARQ_feedback timing values. The PDCCH monitoring occasions for PDSCH scheduling on serving cell 
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 are determined based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot for each search space in the set of search spaces configured to the UE for PDCCH candidates corresponding to DCI format 1_0 or DCI format 1_1 for serving cell 
[image: image122.wmf]c

. The set of PDCCH monitoring occasions is defined as the union of PDCCH monitoring occasions across configured cells, ordered in ascending order of start time of the search space associated with a PDCCH monitoring occasion. The cardinality of the set of PDCCH monitoring occasions defines a total number 
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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) associated with DCI format 1_0 or DCI format 1_1 or DCI format 1_0 indicating downlink SPS release 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 
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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) associated with DCI format 1_0 or DCI format 1_1 or associated with DCI format 1_0 indicating downlink SPS release is present, up to the current PDCCH monitoring occasion 
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and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 
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 according to Table 9.1.3-1. The UE shall assume a same value of total DAI in all 
DCI formats 1_1 in PDCCH monitoring occasion 
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If the UE transmits HARQ-ACK in a PUCCH and for any
 PUCCH format, the UE shall determine the 
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if there is a PDSCH on serving cell 
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 associated with PDCCH in PDCCH monitoring occasion 
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if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and 
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 is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for at least one configured DL BWP of a configured serving cell,
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 = HARQ-ACK bit corresponding to the first transport block of this cell
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 = HARQ-ACK bit corresponding to the second transport block of this cell
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elseif the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = TRUE and 
[image: image157.wmf]m

 is a monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for at least one configured serving cell,
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 = binary AND operation of the HARQ-ACK bits corresponding to the first and second transport blocks of this cell
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else
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end if
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end if
if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and 
[image: image166.wmf]m

 is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for at least one configured serving cell,
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if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the 
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 monitoring occasions for serving cell 
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end while
For a monitoring occasion of a PDCCH with DCI format 1_0 or DCI format 1_1 in at least one serving cell, when a UE receives a PDSCH with one transport block and the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2, the HARQ-ACK response is associated with the first transport block and the UE generates a NACK for the second transport block if spatial bundling is not applied (HARQ-ACK-spatial-bundling-PUCCH = FALSE) and generates HARQ-ACK value of ACK for the second transport block if spatial bundling is applied. 

If a UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and the UE is configured with
· higher layer parameter HARQ-ACK-codebook=dynamic;
· higher layer parameter CBG-DL = ON for 
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 serving cells; and
· higher layer parameter CBG-DL = OFF, or is not configured with higher layer parameter CBG-DL, for 
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the UE shall determine the 
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 according to the previous pseudo-code with the following modifications
· 
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 is used for the determination of a first HARQ-ACK sub-codebook for SPS PDSCH release and for TB-based PDSCH receptions scheduled by DCI format 1_0 on 
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;
· 
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 for the determination of a second HARQ-ACK sub-codebook corresponding to the 
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 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 
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 is the value of higher layer parameter Number-MCS-HARQ-DL-DCI for serving cell 
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. If for a serving cell 
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 HARQ-ACK information bits for serving cell 
[image: image198.wmf]c

.
· The pseudo-code operation for HARQ-ACK-spatial-bundling-PUCCH = TRUE is not applicable;
· The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first HARQ-ACK sub-codebook.
Table 9.1.3-1: Value of counter DAI in DCI format 1_0 and of counter DAI or total DAI DCI format 1_1
	DAI
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	Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating downlink SPS release is present, denoted as 
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9.1.3.2
Type-2 HARQ-ACK codebook in physical uplink shared channel
If a UE multiplexes HARQ-ACK 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 DL SPS release on any serving cell 
[image: image207.wmf]c

, as described in Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK in the PUSCH transmission;

· else, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.3.1, except that HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.
If a UE multiplexes HARQ-ACK 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:
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 is the value of the DAI field in DCI format 0_1 according to Table 9.1.3-2
· 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-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.
If a UE is scheduled for a PUSCH transmission by DCI format 0_1 with 
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 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 DL SPS release on any serving cell 
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, as described in Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK in the PUSCH transmission.

Table 9.1.3-2: Value of DAI in DCI format 0_1
	DAI
MSB, LSB
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	Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating downlink SPS release is present, denoted as 
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�Discuss further the case of SPS PDSCH release as raised in R1-1802108


�R1-1802540


�R1-1802709 – can be further discussed if all those timing values should be considered as the codebook size can become too large to guarantee BLER.


�R1-1802917 proposes to limit this to the active DL BWP. However, this is only applicable in case of RRC switching – for dynamic switching, it should be the maximum Number-MCS-HARQ-DL-DCI of all configured BWP in cell c. Discuss further how to fill in this part. Also need to consider BWP-specific or cell-specific CBG configuration.


�No total DAI in DCI 1_0


�R1-1802540


�No need to consider BWP here as spatial bundling applies.


�R1-1802540 – the new text is not really needed but may be kept if it is deemed to make the specifications clearer.


�R1-1801649. Fallback HARQ-ACK codebook is not captured – agreement is needed for the exact procedure.


�R1-1802540
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