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1 Introduction
In this contribution, we present two corrections on HARQ-ACK codebooks for Rel-16 URLLC and IIoT. The first issue is on type-2 HARQ-ACK codebook construction rules in case that counter-DAI field in DCI format 1_2 is configured with 1 bit. The issue was discussed in RAN1#102-e meeting without any conclusion. The second issue is on type-1 HARQ-ACK codebook construction rules for HARQ-ACK of SPS release DCI. 

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Correction 1: Type-2 HARQ-ACK Codebook
[bookmark: OLE_LINK69]In the RAN1#101-e meeting, it was agreed to re-interpret the UL DAI per configurable counter-DAI field size in order to determine type-2 HARQ-ACK codebook size when the HARQ-ACKs are multiplexed on PUSCH as follows: 
	Agreement at RAN#101-e meeting
If UE is configured to monitor DCI format 1_2/0_2, the HARQ-ACK codebook size for type-2 HARQ-ACK codebook is determined by [image: ]



Further, the pseudo-code related to the agreement was also specified in section 9.1.3 of TS38.213 v16.3.0[3]: 
	9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel 
[…]
If the UE transmits HARQ-ACK information in a PUCCH in slot  and for any PUCCH format, the UE determines the [image: ], for a total number of  HARQ-ACK information bits, according to the following pseudo-code:
Set [image: ] – PDCCH with DCI format scheduling PDSCH reception or SPS PDSCH release monitoring occasion index: lower index corresponds to earlier PDCCH monitoring occasion
Set [image: ]
Set [image: ]
Set [image: ]
Set [image: ]
Set [image: ] to the number of serving cells configured by higher layers for the UE
[…]
Set [image: ] to the number of PDCCH monitoring occasion(s)
while [image: ]
[…]
end while
if [image: ]
[image: ]
end if
if harq-ACK-SpatialBundlingPUCCH is not provided to the UE and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured DL BWP of a serving cell,

else

end if
[image: ] for any [image: ]



In the revised pseudo-code, the type-2 HARQ-ACK codebook size is determined based on Vtemp2 as well as the value of j. Also, the value of j is incremented when Vtemp2 is less than Vtemp (as shown in the yellow part in the pseudo-code). Note that Vtemp2 is coming from UL DAI value, which is one of {1, 2, 3, 4}, and Vtemp is the last counter-DAI value, which is one of {1, 2, … }, among counter-DAI values included in received PDCCHs. The range of two values such as Vtemp and Vtemp2 is not aligned due to configurable counter-DAI field size, TD. Therefore, it is necessary to align the range of two values by comparing the two values in the pseudo-code. Similarly, as in the modifications by the agreement at RAN1#101-e meeting, since the range of Vtemp2 can be re-interpreted to that of Vtemp, the comparison should be performed by the re-interpreted value of Vtemp2, i.e., .
· Proposal 1: In case of HARQ-ACK multiplexing on PUSCH, the value of j in the pseudo-code is determined by comparing between the re-interpreted value of Vtemp2, i.e.,, and Vtemp.

The proposed correction was discussed in the last RAN1#102-e meeting. During the RAN1#102-e meeting, alternatively, it was proposed to handle UL DAI value by a gNB’s implementation. That is, gNB may select appropriate UL DAI values based on counter-DAI field size by which type-2 HARQ-ACK codebook is constructed. In details, if the type-2 HARQ-ACK codebook is constructed based on 1-bit counter-DAI, a gNB selects one of values in {1, 2} for UL DAI and if the type-2 HARQ-ACK codebook is constructed based on 2-bit counter-DAI, a gNB selects one of values in {1, 2, 3, 4} for UL DAI. Here, we provide two observations describing such a gNB behavior cannot be properly operated without specification change and also is complicated for some cases.
[bookmark: _Hlk53738274]First, based on the current specifications, it is not allowed for a gNB to determine the value of UL-DAI by itself. As shown in the table below, the value of UL-DAI is determined based on the equation “” where “Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is present, denoted as [image: ] and [image: ].” It is worth noting that due to 2-bit UL-DAI field, “mod 4” is taken to satisfy the range of UL-DAI among {1, 2, 3, 4}. Based on the definition, the UE may calculate the number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is present. For example, if the UE is indicated with the value of UL-DAI of , then the number is one value from 4*N+ where N is a non-negative integer. If the gNB takes the value of UL-DAI by itself, then the UE may mis-understand the number. 
Table 9.1.3-2: Value of DAI [3]
	DAI
MSB, LSB
	[image: ] 
	Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is present, denoted as [image: ] and [image: ]

	0,0
	1
	[image: ]

	0,1
	2
	[image: ]

	1,0
	3
	[image: ]

	1,1
	4
	[image: ]


For example, consider the case where type-2 HARQ-ACK codebook includes HARQ-ACK information of 3 PDSCHs and the type-2 HARQ-ACK codebook is constructed by 1-bit counter DAI. As addressed before, to align the range of counter DAI field and UL DAI field, the gNB selects the value of UL DAI of “1”. As a result, the UE may calculate the number of PDSCHs in the type-2 HARQ-ACK codebook as one value from 4*N+, i.e, {1, 5, 9, …}. Therefore, it seems not possible to calculate an accurate number of PDSCHs based on the definition of UL-DAI. 
· Observation 1: As per the table 9.1.3-2 in TS38.213, the value of UL-DAI is determined based on the equation “” where “Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is present, denoted as [image: ] and [image: ].”
One possible way to allow for the gNB in order to select the value of UL DAI by itself is to define a new table to cover 1-bit counter DAI. For example, the following table may be newly defined in section 9.1.3.2 of TS38.213.
Table 9.1.3-x: Value of DAI for type-2 HARQ-ACK codebook constructed by 1-bit counter-DAI field
	DAI
MSB, LSB
	[image: ] 
	Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is present, denoted as [image: ] and [image: ]

	0,0
	1
	

	0,1
	2
	

	1,0
	Reserved
	-

	1,1
	Reserved
	-



Second, based on the following sentence from section 9 of TS38.213, the value of UL-DAI is applicable to the multiple slots where the UE multiplexes HARQ-ACK information in case of PUSCH transmission over multiple slots. 
	TS38.213
If the PUSCH transmission over the multiple slots is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.


[bookmark: _Hlk53750181]That is, the value of UL-DAI may be applied to two type-2 HARQ-ACK codebooks, i.e., one is by 1-bit counter DAI and another is by 2-bit counter DAI, when the type-2 HARQ-ACK codebooks overlap with the PUSCH transmission over multiple slots. In this case, however, if the gNB selects the value of UL-DAI taking into account 1-bit counter DAI (i.e., one values of {1, 2}), it cannot be appropriate to use the type-2 HARQ-ACK codebook by 2-bit counter-DAI. Also, as mentioned earlier, if the gNB selects the value of UL-DAI taking into account 2-bit counter DAI (i.e., one values of {1, 2, 3, 4}) then the computation of ‘’ in the pseudo code does not work properly. Therefore, it seems hard for a gNB to select the UL DAI values taking into account the number of bits for counter-DAI field. 
· Observation 2: In case of PUSCH transmission over multiple slots, the PUSCH transmission may overlap with two type-2 HARQ-ACK codebooks, e.g., each constructed by 1-bit counter-DAI or 2-bit counter DAI. In this case, it seems not straightforward for gNB to select the value of UL DAI by taking into account the number of bits for counter-DAI fields. 

Based on Observation 1 and 2, we propose to change the range of UL DAI in the pseudo-code as proposed in Proposal 1 and to adopt the following TP1 for TS 38.213.

· Proposal 2: Adopt the following TP1 for TS38.213
	TP1
9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel 
=============================Unchanged part is omitted=============================
If the UE transmits HARQ-ACK information in a PUCCH in slot  and for any PUCCH format, the UE determines the [image: ], for a total number of  HARQ-ACK information bits, according to the following pseudo-code:
Set [image: ] – PDCCH with DCI format scheduling PDSCH reception or SPS PDSCH release monitoring occasion index: lower index corresponds to earlier PDCCH monitoring occasion
Set [image: ]
Set [image: ]
Set [image: ]
Set [image: ]
Set [image: ] to the number of serving cells configured by higher layers for the UE
-	if, for an active DL BWP of a serving cell, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, and is provided ACKNACKFeedbackMode = JointFeedback, the serving cell is counted two times where the first time corresponds to the first CORESETs and the second time corresponds to the second CORESETs
-	if the UE indicates PDSCH-Number-perMOperCell, a serving cell is counted  times where  is the number of PDSCH receptions that can be scheduled for the serving cell by DCI formats in PDCCH receptions at a same PDCCH monitoring occasion based on the reported value of PDSCH-Number-perMOperCell
Set [image: ] to the number of PDCCH monitoring occasion(s)
while [image: ]
Set [image: ] – serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
while [image: ]
if PDCCH monitoring occasion [image: ] is before an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and an active DL BWP change is not triggered in PDCCH monitoring occasion [image: ] 
[image: ];
else
if there is a PDSCH on serving cell [image: ] associated with PDCCH in PDCCH monitoring occasion [image: ], or there is a PDCCH indicating SPS PDSCH release on serving cell [image: ] 
if [image: ]
[image: ]
end if
[image: ]
if [image: ]
[image: ]
else 
[image: ]
end if
if harq-ACK-SpatialBundlingPUCCH is not provided and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured DL BWP of at least one serving cell,
 = HARQ-ACK information bit corresponding to the first transport block of this cell
 = HARQ-ACK information bit corresponding to the second transport block of this cell

elseif harq-ACK-SpatialBundlingPUCCH is provided to the UE and [image: ] is a monitoring occasion for PDCCH with a DCI format that supports PDSCH reception with two transport blocks and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks in at least one configured DL BWP of a serving cell,
 = binary AND operation of the HARQ-ACK information bits corresponding to the first and second transport blocks of this cell

else
 = HARQ-ACK information bit of this cell

end if 
end if
[image: ]
end if
end while
[image: ]
end while
if [image: ]
[image: ]
end if
if harq-ACK-SpatialBundlingPUCCH is not provided to the UE and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured DL BWP of a serving cell,

else

end if
[image: ] for any [image: ]
=============================Unchanged part is omitted=============================



Further optimization to support at most 3 DTXs
[bookmark: _Hlk53756627] One drawback of the proposal 1/2 and TP1 is that at most 1 DTX can be detected if 1-bit counter DAI is used. It is because the range of UL-DAI value is {1, 2} by re-interpretation even if 2-bit UL DAI is provided. Originally, the UE can detect at most 3 consecutive DTXs by using 2-bit UL DAI (also combined with 2-bit counter-DAI). So, we can further optimize the pseudo-code to support at most 3 consecutive DTXs. 
The main idea is to re-interpret 1-bit counter-DAI (corresponding to the variable  in the pseudo-code) to 2-bit counter-DAI range. Before comparing Vtemp2 and Vtemp, as shown in Figure 1 , the UE can compute the intermediate value , which denotes the number of PDCCHs with the counter-DAI field of size log2(TD) bit(s). Based on the intermediate value , the UE can obtain the 2-bit counter-DAI value corresponding the 1-bit counter-DAI () by . Also, after re-arranging the intermediate value , where , we can obtain the value ‘’ corresponding to ‘’. The re-arrangement is illustrated in the figure 1.
[image: ]
Figure 1. Re-interpretation of 1-bit counter DAI () to 2-bit counter DAI ()

Instead of  and ,  and ’ can be used for a full support of DTX detection in the pseudo code as follows:
	TP2
9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel 
=============================Unchanged part is omitted=============================
If the UE transmits HARQ-ACK information in a PUCCH in slot  and for any PUCCH format, the UE determines the [image: ], for a total number of  HARQ-ACK information bits, according to the following pseudo-code:
[…]
if [image: ]
[image: ]
end if
if harq-ACK-SpatialBundlingPUCCH is not provided to the UE and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured DL BWP of a serving cell,

else

end if
[image: ] for any [image: ]
=============================Unchanged part is omitted=============================



· Proposal 3: To support the detection of at most 3 DTXs, Vtemp and j for 1-bit counter-DAI in the pseudo-code can be re-interpreted to  and  for 2-bit counter DAI. For this correction, we propose to adopt a TP2 for TS38.213.

3 Correction 2: HARQ-ACK bit position for SPS release PDCCH on Type-1 HARQ-ACK Codebook 
In Rel-15, periodicity for DL SPS is no less than 10ms (possible periodicities are 10ms, 20ms, 32ms, 40ms, 64ms, 80ms, 128ms, 160ms, 320ms, or 640ms). In order to support industrial IoT in Rel-16, slot-level periodicity for DL SPS is supported, and the possible periodicities can be one of {1, 2, … , 640}-slot for 15kHz SCS, {1, 2, … , 1280}-slot for 30kHz SCS, and {1, 2, … , 2560}-slot for 60kHz SCS. 
Due to the slot-level periodicity, there is a possibility to multiplex HARQ-ACK bits for more than one SPS PDSCHs. For example, let’s consider the case where 60kHz SCS for DL, 15kHz SCS for UL, and SPS PDSCH with 1-slot periodicity is configured, which is shown in Figure 2, where K1 value is assumed to be 1. As shown in Figure 2, HARQ-ACKs for 4 SPS PDSCHs (SPS PDSCH#0 in DL slot 4*n-4, SPS PDSCH#1 in DL slot 4*n-3, SPS PDSCH#2 in DL slot 4*n-2, SPS PDSCH#3 in DL slot 4*n-1) are multiplexed in a single PUCCH in UL slot n. 

[image: ]
Figure 2. 1-slot periodicity of SPS PDSCH

If a UE is configured to use the type-1 HARQ-ACK codebook, there are 4 HARQ-ACK bit positions to multiplex HARQ-ACKs for 4 SPS PDSCHs and the HARQ-ACKs for 4 SPS PDSCHs can be multiplexed using the type-1 HARQ-ACK codebook. If the UE receives SPS release PDCCH and the UE would multiplex HARQ-ACK for the SPS release PDCCH in the same type-1 HARQ-ACK codebook, the HARQ-ACK position for the SPS release PDCCH is same as the HARQ-ACK position for a corresponding SPS PDSCH reception as per TS38.213 specification in Rel-16 due to no dedicated HARQ-ACK bit for SPS release PDCCH. However, there is an ambiguity in the TS38.213 specification, in which HARQ-ACK bit position for SPS PDSCH reception should be used as HARQ-ACK bit position for SPS release PDCCH. 

To remove the ambiguity, it seems necessary to clearly specify HARQ-ACK bit position for one SPS PDSCH reception among the multiple SPS PDSCH receptions (if any). To specify a certain SPS PDSCH reception among the multiple SPS PSDCH receptions, two options can be considered as follows: 
Option 1) the SPS PDSCH reception in a slot where the SPS release DCI is received
Option 2) the last SPS PDSCH reception among the multiple SPS PDSCH receptions 
On the option 1, the slot where the SPS release PDCCH is received can be used to choose one SPS PDSCH reception among the multiple SPS PDSCH receptions. It can be valid when a gNB does not transmit SPS PDSCH in a slot and transmits SPS release PDCCH in the slot. As per the following agreements at the RAN1#101e meeting [1], it is allowed for a UE to receive the SPS release PDCCH but not to receive the SPS PDSCH in the same slot. In other words, the corresponding HARQ-ACK bit in the slot can be used only for SPS release PDCCH. 
	Agreement at RAN1#101e meeting
· At least, support the case that in a slot SPS release PDCCH is received before the end of the SPS PDSCH reception for the same SPS configuration corresponding to the SPS release PDCCH
· 1 bit HARQ-ACK is generated for SPS release and a UE does not expect to receive the SPS PDSCH if HARQ-ACKs for the SPS release and the SPS reception would map to the same PUCCH.
· FFS whether and how to support the HARQ-ACK for the SPS release and the SPS reception mapping to different PUCCHs
·  FFS whether and how to support the case that SPS release PDCCH is received after the end of the SPS PDSCH for the same SPS configuration

Agreement at RAN1#101e meeting
It is not supported that a SPS release PDCCH in a slot is received after the end of the SPS PDSCH reception in the slot for the same SPS configuration corresponding to the SPS release PDCCH if HARQ-ACKs for the SPS release and the SPS reception would map to the same PUCCH. 
· FFS: if HARQ-ACKs for the SPS release and the SPS reception mapping to different PUCCHs



The further considerable point under the option 1 is that the option 1 is applicable to only the case in which the SPS PDSCH reception in the slot where the SPS release PDCCH is received is valid. For example, as shown in Figure 3, the SPS PDSCH reception may be invalid due to overlapping with semi-static UL symbols. Therfore, the SPS release PDCCH may be transmitted only in a slot where the SPS PDSCH reception is valid, which may restrict gNB scheduling flexibility. 

[image: ]
Figure 3. illustration of option 1

To remove the gNB’s scheduling restriction, as the option 2, a UE can select the last SPS PDSCH reception among the multiple SPS PDSCH receptions. The reason why the last SPS PDSCH reception is selected is that after the UE receives the SPS release PDCCH, the HARQ-ACK bit for the last corresponding SPS PDSCH reception which may be located after the SPS release PDCCH would not be used (i.e., NACK is reported as normal operation). Therefore, the gNB may transmit SPS release PDCCH at any PDCCH monitoring occasion in a slot and there is no ambiguity because the UE can identify the unique last corresponding SPS PDSCH reception. 
· Proposal 4: For type-1 HARQ-ACK codebook, a HARQ-ACK bit position for SPS release PDCCH is same as the last corresponding SPS PDSCH reception among the multiple SPS PDSCH receptions. 
· Proposal 5: Adopt the following TP3 for TS38.213
	[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582][bookmark: _Toc26719407][bookmark: _Toc29894840][bookmark: _Toc29899139][bookmark: _Toc29899557][bookmark: _Toc29917294][bookmark: _Toc36498168][bookmark: _Toc45699194]TP3
9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
=============================Unchanged part is omitted===================================
[bookmark: _Hlk47607077]For the set of slot timing values [image: ], the UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for athe last corresponding SPS PDSCH reception. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to multiple SPS PDSCH releases by a single DCI format is same as for athe last corresponding SPS PDSCH reception with the lowest SPS configuration index among the multiple SPS PDSCH releases.

=============================Unchanged part is omitted===================================



4 Conclusion
In this contribution, remaining issues on type-2 HARQ-ACK codebook were discussed, and the following was proposed.
· Proposal 1: In case of HARQ-ACK multiplexing on PUSCH, the value of j in the pseudo-code is determined by comparing between the re-interpreted value of Vtemp2, i.e.,, and Vtemp.
· Observation 1: As per the table 9.1.3-2 in TS38.213, the value of UL-DAI is determined based on the equation “” where “Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is present, denoted as [image: ] and [image: ].”
· Observation 2: In case of PUSCH transmission over multiple slots, the PUSCH transmission may overlap with two type-2 HARQ-ACK codebooks, e.g., each constructed by 1-bit counter-DAI or 2-bit counter DAI. In this case, it seems not straightforward for gNB to select the value of UL DAI by taking into account the number of bits for counter-DAI fields. 
· Proposal 2: Adopt the following TP1 for TS38.213
	TP1
9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel 
=============================Unchanged part is omitted=============================
If the UE transmits HARQ-ACK information in a PUCCH in slot  and for any PUCCH format, the UE determines the [image: ], for a total number of  HARQ-ACK information bits, according to the following pseudo-code:
Set [image: ] – PDCCH with DCI format scheduling PDSCH reception or SPS PDSCH release monitoring occasion index: lower index corresponds to earlier PDCCH monitoring occasion
Set [image: ]
Set [image: ]
Set [image: ]
Set [image: ]
Set [image: ] to the number of serving cells configured by higher layers for the UE
-	if, for an active DL BWP of a serving cell, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, and is provided ACKNACKFeedbackMode = JointFeedback, the serving cell is counted two times where the first time corresponds to the first CORESETs and the second time corresponds to the second CORESETs
-	if the UE indicates PDSCH-Number-perMOperCell, a serving cell is counted  times where  is the number of PDSCH receptions that can be scheduled for the serving cell by DCI formats in PDCCH receptions at a same PDCCH monitoring occasion based on the reported value of PDSCH-Number-perMOperCell
Set [image: ] to the number of PDCCH monitoring occasion(s)
while [image: ]
Set [image: ] – serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
while [image: ]
if PDCCH monitoring occasion [image: ] is before an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and an active DL BWP change is not triggered in PDCCH monitoring occasion [image: ] 
[image: ];
else
if there is a PDSCH on serving cell [image: ] associated with PDCCH in PDCCH monitoring occasion [image: ], or there is a PDCCH indicating SPS PDSCH release on serving cell [image: ] 
if [image: ]
[image: ]
end if
[image: ]
if [image: ]
[image: ]
else 
[image: ]
end if
if harq-ACK-SpatialBundlingPUCCH is not provided and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured DL BWP of at least one serving cell,
 = HARQ-ACK information bit corresponding to the first transport block of this cell
 = HARQ-ACK information bit corresponding to the second transport block of this cell

elseif harq-ACK-SpatialBundlingPUCCH is provided to the UE and [image: ] is a monitoring occasion for PDCCH with a DCI format that supports PDSCH reception with two transport blocks and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks in at least one configured DL BWP of a serving cell,
 = binary AND operation of the HARQ-ACK information bits corresponding to the first and second transport blocks of this cell

else
 = HARQ-ACK information bit of this cell

end if 
end if
[image: ]
end if
end while
[image: ]
end while
if [image: ]
[image: ]
end if
if harq-ACK-SpatialBundlingPUCCH is not provided to the UE and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured DL BWP of a serving cell,

else

end if
[image: ] for any [image: ]
=============================Unchanged part is omitted=============================



· Proposal 3: To support the detection of at most 3 DTXs, Vtemp and j for 1-bit counter-DAI in the pseudo-code can be re-interpreted to  and  for 2-bit counter DAI. For this correction, we propose to adopt a TP2 for TS38.213.
	TP2
9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel 
=============================Unchanged part is omitted=============================
If the UE transmits HARQ-ACK information in a PUCCH in slot  and for any PUCCH format, the UE determines the [image: ], for a total number of  HARQ-ACK information bits, according to the following pseudo-code:
[…]
if [image: ]
[image: ]
end if
if harq-ACK-SpatialBundlingPUCCH is not provided to the UE and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured DL BWP of a serving cell,

else

end if
[image: ] for any [image: ]
=============================Unchanged part is omitted=============================



· Proposal 4: For type-1 HARQ-ACK codebook, a HARQ-ACK bit position for SPS release PDCCH is same as the last corresponding SPS PDSCH reception among the multiple SPS PDSCH receptions. 
· Proposal 5: Adopt the following TP3 for TS38.213
	TP3
9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
=============================Unchanged part is omitted===================================
For the set of slot timing values [image: ], the UE determines a set of [image: ] occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for athe last corresponding SPS PDSCH reception. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to multiple SPS PDSCH releases by a single DCI format is same as for athe last corresponding SPS PDSCH reception with the lowest SPS configuration index among the multiple SPS PDSCH releases.

=============================Unchanged part is omitted===================================
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