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1 Introduction
In this contribution, we discuss remaining issues related to semi-static HARQ-ACK codebook dynamic HARQ-ACK codebook. 
2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Correction on Semi-Static HARQ-ACK Codebook
[bookmark: OLE_LINK69]Issue #1: Processing time consideration when HARQ-ACK piggyback
In the last RAN1#93 meeting, it was agreed that the semi-static HARQ-ACK codebook construction is independent to processing time constraints as follows: [1]
	[bookmark: OLE_LINK3]Agreements:
· Semi-static HARQ-ACK codebook size does not depend on the time duration between a last symbol for any PDSCH reception candidate and a first symbol for a PUCCH/PUSCH transmission that includes the HARQ-ACK codebook
· UE sets to NACK the HARQ-ACK bits in the HARQ-ACK codebook that correspond to PDSCH reception occasions that do not satisfy the above timing requirement
· No additional specification impact


[bookmark: OLE_LINK154][bookmark: OLE_LINK155]According to this agreement, the semi-static HARQ-ACK codebook may contain a HARQ-ACK bit whose PDSCH does not meet the processing time constraint Tproc,1 defined in [2]. More precisely, a gap between the last symbol of the PDSCH reception occasions and the first symbol of the PUCCH carrying HARQ-ACK information may be less then Tproc,1. 
Also, the following UCI piggyback rule is defined in [2].
	[bookmark: OLE_LINK11][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK54][bookmark: OLE_LINK60][bookmark: _Hlk521721470]If a UE would transmit multiple overlapping PUCCHs without repetitions in a slot or overlapping PUCCH(s) without repetitions and PUSCH(s) in a slot and, when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and 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. 




[bookmark: OLE_LINK58][bookmark: OLE_LINK59]If one of the PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE expects that the first symbol of the earliest PUCCH or PUSCH, among the overlapping PUCCHs and PUSCHs in the slot, is not before symbol  after a last symbol of any corresponding PDSCH or SPS PDSCH release and is not before symbol  after a last symbol of any corresponding PDCCH where [image: ] is obtained by adding one symbol to a number of symbols [image: ] corresponding to a PDSCH reception time for the UE PDSCH processing capability,[image: ] is obtained by adding one symbol to a number of symbols [image: ] corresponding to a PUSCH preparation time for the UE PUSCH processing capability, where [image: ], [image: ], [image: ], [image: ], and [image: ] are defined in [6, TS 38.214]. A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above  and  timing conditions.




If a UE would transmit multiple PUCCHs in a slot that include HARQ-ACK/SR and CSI and PUCCHs with HARQ-ACK satisfies the above  and  timing conditions and does not overlap with any other PUCCH or PUSCH that does not satisfy the above  and  timing conditions, the UE multiplexes HARQ-ACK/SR and CSI and determines corresponding PUCCH(s) for transmission in the slot according to the following pseudo-code.




[bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK157][bookmark: OLE_LINK158][bookmark: OLE_LINK156]From this UCI piggyback rule, if the PUCCH contains a HARQ-ACK bit whose PDSCH does not meet  time constraint, then this PUCCH should not overlap any PUSCH or PUCCH. In other words, the HARQ-ACK bits in this PUCCH cannot be piggybacked into PUSCH or another PUCCH. When recalling that the semi-static HARQ-ACK codebook already contains HARQ-ACK not satisfying Tproc,1 time constraint, then the PUCCH carrying this semi-static HARQ-ACK codebook would not satisfy the time constraint so that this HARQ-ACK codebook would not be piggybacked into PUSCH or another PUCCH. Due to such an event, the network scheduling flexibility would be quite limited. To address this issue, it is reasonable that when the  processing time constraint is checked, the PDSCH reception occasion not satisfying the Tproc,1 time constraint should be ignored. Based on this observation, we propose the following TP.
· [bookmark: OLE_LINK162][bookmark: OLE_LINK163][bookmark: OLE_LINK164]Proposal 1. Adopt the following text proposal in Section 9.2.5 in TS38.213.
	[bookmark: _Toc517265066][bookmark: OLE_LINK168][bookmark: OLE_LINK169][bookmark: OLE_LINK170]9.2.5	UE procedure for reporting multiple UCI types
[bookmark: OLE_LINK150][bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK153]-------------------------------Unchanged part is omitted--------------------------
If a UE would transmit multiple overlapping PUCCHs without repetitions in a slot or overlapping PUCCH(s) without repetitions and PUSCH(s) in a slot and, when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and 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. 




[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK68]If one of the PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE expects that the first symbol of the earliest PUCCH or PUSCH, among the overlapping PUCCHs and PUSCHs in the slot, is not before symbol  after a last symbol of any corresponding PDSCH or SPS PDSCH release satisfying the processing time constraint defined in Section 5.3 of [6, TS 38.214] and is not before symbol  after a last symbol of any corresponding PDCCH where [image: ] is obtained by adding one symbol to a number of symbols [image: ] corresponding to a PDSCH reception time for the UE PDSCH processing capability,[image: ] is obtained by adding one symbol to a number of symbols [image: ] corresponding to a PUSCH preparation time for the UE PUSCH processing capability, where [image: ], [image: ], [image: ], [image: ], and [image: ] are defined in [6, TS 38.214]. A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above  and  timing conditions.




If a UE would transmit multiple PUCCHs in a slot that include HARQ-ACK/SR and CSI and PUCCHs with HARQ-ACK satisfies the above  and  timing conditions and does not overlap with any other PUCCH or PUSCH that does not satisfy the above  and  timing conditions, the UE multiplexes HARQ-ACK/SR and CSI and determines corresponding PUCCH(s) for transmission in the slot according to the following pseudo-code.
-------------------------------Unchanged part is omitted--------------------------





Issue #2: Piggyback to multi-slot PUSCH
If type-1 HARQ-ACK codebook is configured, the 1-bit UL DAI field included in UL grant can provide information on whether to perform piggyback. If the 1-bit UL DAI field is indicated to 0, the UE does not perform HARQ-ACK piggyback, but if the 1-bit UL DAI field is indicated to 1, the UE performs HARQ-ACK piggyback, i.e., the scheduled PUCCH carrying HARQ-ACK information is dropped and HARQ-ACK information is carried in UL-SCH. If a UE is configured with higher layer parameter aggregationFactorUL > 1, then the UE transmit a PUSCH over aggregationFactorUL slots applying the same symbol allocation in each slot. Since PUCCHs carrying HARQ-ACK information can be scheduled in each slot, the UE needs to determine whether/which HARQ-ACK information bits are piggybacked or not in each slot. The problem is that there is only one ‘UL DAI’ field in UL grant scheduling a multi-slot PUSCH to indicate whether to perform one PUCCH is piggybacked or not, but potentially more than one PUCCHs carrying HARQ-ACK information can be overlapped to the multi-slot PUSCH. 
The example is illustrated in Figure 1. Here, a UE is configured with aggregationFactorUL = 2. DL association set 1 for PUCCH#1 in slot n includes slot m, slot m+1, and slot m+2, and DL association set 2 for PUCCH#2 in slot n+1 includes slot m+1, m+2, and m+3. PUCCH#1 in slot n contains HARQ-ACK information for 3 PDSCHs (PDSCH#1, PDSCH#2, PDSCH#3), but PUCCH#2 (in slot n+1) contains no HARQ-ACK information. Since HARQ-ACK information in PUCCH#1 is needed to be piggybacked to PUSCH in slot n, the UL DAI in UL grant should be set to ‘1’. The UE-behaviour may be to piggyback HARQ-ACK information in PUCCH#1 to PUSCH in slot n and not to piggyback HARQ-ACK information to PUSCH in slot n+1. However, the UE cannot guarantee that PUCCH2 has no HARQ-ACK information. Since, the UL DAI in UL grant is indicated to ‘1’, the UE may also piggyback HARQ-ACK information corresponding to PUCCH2 to the PUSCH in slot n+1. Therefore, large overhead may occur in slot n+1.
· Observation 1: When a multi-slot PUSCH is overlapped with multiple PUCCH, unnecessary piggyback may occur even though there is no HARQ-ACK information to be transmitted.

[image: ]
Figure 1. Multi-slot PUSCH overlapped with multiple PUCCHs

The straightforward solution is to increase UL DAI field size according to aggregationFactorUL. In this example, 2-bit UL DAI field is required. But it definitely results in high DCI overhead and in general it is not acceptable. In order to decrease unnecessary HARQ-ACK piggyback, the following options can be considered
· Opt 1) If piggyback is indicated (UL DAI=1), then DL association sets are constructed to be disjoint.
In the above example, both the DL association set 1 and the DL association set 2 include PDSCH#2 and PDSCH#3. Since HARQ-ACK information for PDSCH#2 and PDSCH#3 has already been piggybacked on PUSCH in slot n, it is unnecessary to piggyback HARQ-ACK information for PDSCH#2 and PDSCH#3 in PUSCH in slot n+1 repeatedly. Therefore, as shown in Figure 2, DL association set 2 can be composed of the remaining PDSCH candidates except PDSCH candidates included in DL association 1. The advantage of Opt 1 is that the overhead can be reduced because the HARQ-ACK information of one PDSCH is piggybacked only in one slot of the multi-slot PUSCH.
[image: ]
Figure 2. Disjoint DL association sets (Option 1) 

· Opt 2) If piggyback is indicated (UL DAI=1), then HARQ-ACK codebook is generated based on aggregated DL association set, and piggybacked to PUSCH
In Type-1 HARQ-ACK codebook, a DL association set collects the PDSCH candidates that can be transmitted in a PUCCH in a slot. When piggybacking to a multi-slot PUSCH, multiple DL association sets are needed to be constructed, as shown in Figure 1. Opt 2 aggregates all DL association sets into one DL association set to form a Type-1 HARQ-ACK codebook, and then piggybacks the HARQ-ACK information into one slot of the multi-slot PUSCH. As in Option 1, it is possible to prevent unnecessary PDSCH from being piggybacked to multiple slots, and to perform HARQ-ACK piggyback only in one slot. 
[image: ]
Figure 3. Aggregated DL association set (Option 2)

· [bookmark: OLE_LINK167]Proposal 2: In case of multi-slot PUSCH, to prevent duplicated HARQ-ACK information piggyback, consider the following two options
· Opt 1) If piggyback is indicated (UL DAI=1), then DL association sets are constructed to be disjoint
· Opt 2) If piggyback is indicated (UL DAI=1), then HARQ-ACK codebook is generated based on aggregated DL association set, and piggybacked to PUSCH

3 Correction on Dynamic HARQ-ACK Codebook
Issue #1: HARQ-ACK piggyback in case of CBG-based transmission
[bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK132]The following rules are defined in [3] to determine whether HARQ-ACK piggyback should be performed.
	

[bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK118][bookmark: _Hlk521724715][bookmark: OLE_LINK124][bookmark: OLE_LINK125]If a UE is scheduled for a PUSCH transmission by DCI format 0_1 with  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  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 in the PUSCH transmission.


[bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK131][bookmark: OLE_LINK82]If UL-DAI is equal to 4 and there are no PDCCH reception under this rule, the HARQ-ACK bits are not piggybacked into PUCCH. However, in case that the CBG-based transmission is configured, it is not clear how which HARQ-ACK bits are piggybacked. If the CBG-based transmission is configured, the DCI format 0_1 scheduling PUSCH has two 2-bit UL DAI field, the 1st UL-DAI, and the 2nd UL-DAI fields. The 1st UL DAI field is used to determine the size of the first HARQ-ACK sub-codebook and the 2nd UL DAI field is used to determine the size of the second HARQ-ACK sub-codebook. Therefore, it is natural that the presence of the first HARQ-ACK sub-codebook is determined by the 1st UL-DAI and the presence of the second HARQ-ACK sub-codebook is determined by the 2nd UL-DAI. Therefore, it is needed to be clarify the rule to determine whether HARQ-ACK piggyback should be performed when the CBG-based transmission is configured. 
· [bookmark: OLE_LINK165][bookmark: OLE_LINK166]Proposal 3: Adopt the following text proposal in Section 9.1.3.2 in TS38.213.
	[bookmark: _Toc517265060][bookmark: OLE_LINK138][bookmark: OLE_LINK139][bookmark: OLE_LINK140][bookmark: OLE_LINK141][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK97][bookmark: OLE_LINK98]9.1.3.2	Type-2 HARQ-ACK codebook in physical uplink shared channel
[bookmark: OLE_LINK145][bookmark: OLE_LINK146]------------------------Unchanged part is omitted -----------------------


If a UE is not provided higher layer parameter PDSCH-CodeBlockGroupTransmission and if a UE is scheduled for a PUSCH transmission by DCI format 0_1 with  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  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 in the PUSCH transmission.




[bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK106]If a UE is provided higher layer parameter PDSCH-CodeBlockGroupTransmission for serving cell among  serving cells and if a UE is scheduled for a PUSCH transmission by DCI format 0_1 with the 1st downlink assignment index of  and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 for scheduling PDSCH receptions or DL SPS release on the  serving cells  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 in the PUSCH transmission.



[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK133][bookmark: OLE_LINK134][bookmark: OLE_LINK135]If a UE is provided higher layer parameter PDSCH-CodeBlockGroupTransmission for serving cell, and if a UE is scheduled for a PUSCH transmission by DCI format 0_1 with the 2nd downlink assignment index  for the second sub-codebook and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_1 for scheduling PDSCH receptions on the  serving cells, as described in Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK information for the second sub-codebook in the PUSCH transmission.
------------------------Unchanged part is omitted -----------------------



4 Conclusion
In this contribution, we discuss the semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook and the following proposals were presented. 
· Proposal 1. Adopt the following text proposal in Section 9.2.5 in TS38.214.
	9.2.5	UE procedure for reporting multiple UCI types
-------------------------------Unchanged part is omitted--------------------------
If a UE would transmit multiple overlapping PUCCHs without repetitions in a slot or overlapping PUCCH(s) without repetitions and PUSCH(s) in a slot and, when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and 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 PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE expects that the first symbol of the earliest PUCCH or PUSCH, among the overlapping PUCCHs and PUSCHs in the slot, is not before symbol  after a last symbol of any corresponding PDSCH or SPS PDSCH release satisfying the processing time constraint defined in Section 5.3 of [6, TS 38.214] and is not before symbol  after a last symbol of any corresponding PDCCH where [image: ] is obtained by adding one symbol to a number of symbols [image: ] corresponding to a PDSCH reception time for the UE PDSCH processing capability,[image: ] is obtained by adding one symbol to a number of symbols [image: ] corresponding to a PUSCH preparation time for the UE PUSCH processing capability, where [image: ], [image: ], [image: ], [image: ], and [image: ] are defined in [6, TS 38.214]. A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above  and  timing conditions.




If a UE would transmit multiple PUCCHs in a slot that include HARQ-ACK/SR and CSI and PUCCHs with HARQ-ACK satisfies the above  and  timing conditions and does not overlap with any other PUCCH or PUSCH that does not satisfy the above  and  timing conditions, the UE multiplexes HARQ-ACK/SR and CSI and determines corresponding PUCCH(s) for transmission in the slot according to the following pseudo-code.
-------------------------------Unchanged part is omitted--------------------------



· Proposal 2: In case of multi-slot PUSCH, to prevent duplicated HARQ-ACK information piggyback, consider the following two options
· Opt 1) If piggyback is indicated (UL DAI=1), then DL association sets are constructed to be disjoint
· Opt 2) If piggyback is indicated (UL DAI=1), then HARQ-ACK codebook is generated based on aggregated DL association set, and piggybacked to PUSCH
· Proposal 3: Adopt the following text proposal in Section 9.1.3.2 in TS38.213.
	9.1.3.2	Type-2 HARQ-ACK codebook in physical uplink shared channel
------------------------Unchanged part is omitted -----------------------


If a UE is not provided higher layer parameter PDSCH-CodeBlockGroupTransmission and if a UE is scheduled for a PUSCH transmission by DCI format 0_1 with  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  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 in the PUSCH transmission.




If a UE is provided higher layer parameter PDSCH-CodeBlockGroupTransmission for serving cell among  serving cells and if a UE is scheduled for a PUSCH transmission by DCI format 0_1 with the 1st downlink assignment index of  and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 for scheduling PDSCH receptions or DL SPS release on the  serving cells  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 in the PUSCH transmission.



If a UE is provided higher layer parameter PDSCH-CodeBlockGroupTransmission for serving cell, and if a UE is scheduled for a PUSCH transmission by DCI format 0_1 with the 2nd downlink assignment index  for the second sub-codebook and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_1 for scheduling PDSCH receptions on the  serving cells, as described in Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK information for the second sub-codebook in the PUSCH transmission.
------------------------Unchanged part is omitted -----------------------
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