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1. Introduction
In the TSG-RAN#88e plenary meeting, the scope of revised WID on enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR physical layer enhancements for NR URLLC was defined for Release 17 [1]. One of the objectives of this WI is about whether some physical layer feedback enhancements should be studied and specified for URLLC, including HARQ-ACK and CSI feedback enhancements. The objective is showed below.
· Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
In this contribution, we firstly discuss the enhancement for Type-1 HARQ codebook based on sub-slot PUCCH configuration. Then we discuss the retransmission of cancelled HARQ-ACK. At last, we discuss the PUCCH carrier switching for HARQ-ACK.
2. Enhancement on Type-1 HARQ-ACK codebook based on sub-slot PUCCH configuration
In RAN1 #104bis-e meeting, it was agreed to support Type-1 HARQ-ACK codebook based on sub-slot PUCCH configuration in Rel-17 as captured in following agreements [2]:
	Agreement: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· FFS: whether the PDSCH TDRA grouping is performed per DL slot or sub-slot
· Decide between PDSCH TDRA grouping per DL slot and sub-slot during RAN1#105-e


Regarding the Type-1 HARQ-ACK codebook construction for sub-slot-based HARQ-ACK feedback procedure, one key issue needs to be solved is whether the PDSCH TDRA grouping is performed per DL slot or sub-slot. Our understanding of the two PDSCH TDRA grouping options is as follows:
· PDSCH TDRA grouping per DL sub-slot: This solution can be achieved by splitting a TDRA table into N TDRA sub-tables based on the sub-slot length and virtual DL sub-slot, N is the number of sub-slots within a slot. Then do pruning based on TDD configuration and sub-table per sub-slot similar as Rel-15.  It is obvious that the Type-1 HARQ-ACK codebook construction based on PDSCH TDRA grouping per DL sub-slot can follow current slot based Type-1 HARQ-ACK codebook construction mechanism, regardless of whether the numerology configuration for DL and UL is the same or different. Which is achieved by replacing the DL slot, the UL slot and TDRA table with the virtual DL sub-slot, the UL sub-slot and the corresponding sub-TDRA table, the corresponding pseudo code is shown in the appendix. 
· PDSCH TDRA grouping per DL slot: One candidate proposal is to replace  by  and replace  by  in the current pseudo code for slot based Type-1 HARQ-ACK codebook construction, where N is the number of sub-slots in an UL slot. Then do pruning based on TDD configuration and the TDRA table per DL slot similar as Rel-15. However, it will also lead to some redundant HARQ-ACK bits when the value  is not an integer.  If combined with another proposal to remove the SLIVs from the TDRA table that is not associated with the UL sub-slot, i.e., a HARQ-ACK multiplexing window for the UL sub-slot is determined based on the configured K1 set, the SLIVs ending not in the window will be removed, then the redundancy will be eliminated.
Based on our analysis, for PDSCH TDRA grouping per DL sub-slot, since it can reuse the current slot based Type-1 HARQ-ACK codebook construction mechanism by replacing the slot with sub-slot, it is straightforward and has less specification, however, when two overlapped SLIVs ends in two different DL sub-slot and belongs to two TDRA sub-tables, one unnecessary HARQ-ACK bit will be generated. For PDSCH TDRA grouping per DL slot, it has less redundancy, but it seems have larger specification impact. Therefore, in our view, both two options are acceptable, and the PDSCH TDRA grouping per DL sub-slot is slightly preferred for simplicity.
Proposal 1:
· Support Type-1 HARQ-ACK codebook construction for sub-slot PUCCH configuration based on PDSCH TDRA grouping per DL sub-slot.

For Type-1 HARQ-ACK codebook based on sub-slot PUCCH configuration, another issue that needs to be considered is how to determine the location for SPS release.  For slot based Type-1 HARQ-ACK codebook, the location in the codebook for HARQ-ACK information corresponding to a separate SPS PDSCH release is same as for a corresponding SPS PDSCH reception, and the location in the codebook for HARQ-ACK information corresponding to joint SPS PDSCH releases by a single DCI format is same as for a corresponding SPS PDSCH reception with the lowest SPS configuration index among the multiple SPS PDSCH releases. However, for sub-slot based Type-1 HARQ-ACK codebook, no matter whether the PDSCH TDRA grouping is per DL sub-slot or per DL slot, the HARQ-ACK position of the SPS PDSCH reception associated with SPS release does not always exist in the codebook. For example, the configured K set for UE is {3, 2, 1}, when the end of the SPS release is not located in the sub-slot associated with the corresponding SPS PDSCH occasion, as shown in the Fig.1, the second sub-slot within each slot in the HARQ-ACK multiplexing window is associated with SPS PDSCH occasion, which is determined based on the ending of SLIV of the SPS PDSCH occasion. While the SPS release ends in the first sub-slot in a slot, then UE can’t find the corresponding HARQ-ACK location for SPS release in the Type-1 HARQ-ACK codebook. Therefore, HARQ-ACK location determination for SPS release in the sub-slot based Type-1 HARQ-ACK codebook should be further studied.
[image: ]
Fig.1 Example for sub-slot based HARQ-ACK feedback for SPS release
Proposal 2:
· Further study the HARQ-ACK location determination for SPS release in the Type-1 HARQ-ACK codebook based on sub-slot PUCCH configuration.

3. Retransmission of cancelled HARQ-ACK 
In RAN1 106e-meeting, it was agreed to support one-shot triggering of HARQ-ACK retransmission on a PUCCH resource in Rel-17 as captured in following agreements [3].
	Agreement 
Confirm the following RAN1#105-e working assumption:
For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities
Agreement 
The DCI triggering (by a DL assignment) the one-shot HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB dynamically indicates the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted. 
· FFS details 
Agreement 
A single DCI triggering the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB can trigger the re-transmission of HARQ-ACK information of only a single HARQ-ACK CB. 
Agreement 
The Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB is done through an explicit triggering indication in the DCI through a DCI field. 
Agreement 
Support PHY priority handling for the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the re-transmitted HARQ-ACK information.
· The indicated PHY priority in the triggering DCI is used to determine the HARQ-ACK information to be re-transmitted corresponding to the indicated PHY priority. 



In order to support one-shot triggering of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB in Rel-17, as listed in the feature lead summary [4], there are still some open issues need to be further studied. One of the open issues is whether and how to support multiplexing of retransmitted HARQ-ACK and initial HARQ-ACK. In our view, whether multiplex retransmitted HARQ-ACK and initial HARQ-ACK on a PUCCH can be controlled by gNB by dynamic indication. For example, if they are indicated to be transmitted in the same slot/sub-slot, multiplexing operation is enabled. Therefore, supporting the multiplexing of retransmitted HARQ-ACK and initial HARQ-ACK is beneficial to provide scheduling flexibility for gNB. 
In case the retransmitted HARQ-ACK triggered by a DL DCI and initial HARQ-ACK scheduled by other DCI are indicated to be multiplexed on a new PUCCH resource, how to multiplex the retransmitted HARQ-ACK and initial HARQ-ACK on a codebook is still FFS. One simple method proposed by some companies is to construct separate HARQ-ACK codebooks for retransmitted HARQ-ACK for cancelled PUCCH resource and for initial HARQ-ACK for new PUCCH resource based on Rel-16 rule, then append one of the HARQ-ACK codebook to the other as the multiplexed HARQ-ACK codebook. However, when Type-1 HARQ-ACK codebook is configured for the UE, this method may lead to some redundant bits. For example, when some PDSCH occasions associated with the retransmitted HARQ-ACK codebook are also located in HARQ-ACK multiplexing window of the new PUCCH resource. Then the HARQ-ACK positions for these PDSCH occasions will be generated twice in retransmitted HARQ-ACK codebook and initial HARQ-ACK codebook. Following solution of this issue can be considered:
· Step1: Determine a new k1’ value for the slot offset between the PDSCH reception associated with retransmitted HARQ-ACK and the new PUCCH transmission.
· Step 2: Determine a K1’ set based on the union of the configured K1 set and k1’ value. 
· Step 3: Determine the Type-1 HARQ-ACK codebook based on the K1’ set as Rel-16.
When Type-2 HARQ-ACK codebook is configured for UE, the method to directly place the two HARQ-ACK codebooks together may cause different understanding on the HARQ-ACK codebook size between gNB and UE due to the DCI miss detection. If the DCI without scheduling PDSCH to trigger the HARQ-ACK retransmission is supported, the unused fields in the triggering DCI can be reinterpreted for t-DAI, then separate t-DAI values carried in the triggering DCI to separately indicate the total number of retransmitted HARQ-ACK bits and the total number of initial HARQ-ACK bits, then the reliability of multiplexed HARQ-ACK transmission on new PUCCH resource can be improved.
Proposal 3:
· For one-shot triggering of HARQ-ACK retransmission on a new PUCCH resource in Rel-17, support multiplexing of retransmitted HARQ-ACK and initial HARQ-ACK. 
· Further study how to multiplex retransmitted HARQ-ACK and initial HARQ-ACK on Type-1 HARQ-ACK codebook and Type-2 HARQ-ACK codebook.    

Considering the periodicity of SPS configuration for URLLC traffic is short, the collision between configured PUCCH resource for HARQ-ACK for SPS PDSCH and semi-static configured DL symbols may happen frequently, which will degrade the performance of URLLC traffic transmission. To resolve this issue, in last meeting, it was agreed to support that gNB can dynamically trigger such cancelled SPS HARQ-ACK retransmission on a new PUCCH resource by a DL DCI, e.g., by an enhanced Type-3 HARQ-ACK codebook or one-shot HARQ-ACK retransmission other than enhanced Type-2/Type-3 HARQ-ACK codebook. However, when UE is configured with DRX, UE may not be able to receive the PDCCH for requesting SPS HARQ-ACK transmission due to UE is in DRX inactive time, which will lead to negative impact on URLLC HARQ-ACK transmission. Therefore, we suggest to study the impact of dynamic requested HARQ-ACK retransmission on current DRX mechanism. 
Proposal 4:
·  Further study the impact of dynamic requested HARQ-ACK retransmission on current DRX mechanism.
[bookmark: _GoBack]
4. PUCCH carrier switching for HARQ-ACK feedback
In NR Rel-16, UE can only transmit PUCCH on a cell (Pcell or PUCCH-Scell) within a PUCCH group. In Rel-17, in order to reduce the HARQ-ACK feedback latency for the case that there is no early available PUCCH resource in the Pcell or PUCCH-Scell for HARQ-ACK transmission in a given TDD configuration, PUCCH carrier switching is supported. In last two RAN1 meetings, following agreements related to PUCCH carrier switching were achieved [3][5]:
	Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral
Agreement: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 
Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.
Agreement
Update the following RAN1#105-e agreement as (RED):   
· RAN1#105-e Agreement: For PUCCH carrier switching, the PUCCH resource configuration (i.e. pucch-Config / PUCCH-ConfigurationList) is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell).
· FFS: CSI and SR
Agreement
In addition to HARQ-Ack of PDSCH dynamically scheduled by a DCI indicating a PUCCH carrier, the dynamic target carrier indication also applies to:
· HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI based on the indication in the activation DCI
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
· FFS: Additional cases
Agreement
Semi-static PUCCH carrier switching is applicable to all UCI types incl. HARQ-ACK, SR and CSI. 



There are some remaining open issues of PUCCH carrier switching need to be further studied. We discuss some FFS in this section.
Whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
In RAN1 #105-e meeting, it was agreed to support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration. While whether and how to support joint operation of dynamic and semi-static carrier switching for a UE is not determined yet. Dynamic carrier switching is very flexible, but it can’t be applied for SPS PDSCH without PDCCH. While considering SPS configuration is important for URLLC traffic, semi-static carrier switching indication may be as a complement for dynamic carrier switching in some cases. So we think it is beneficial to support joint operation of dynamic and semi-static carrier switching for a UE. When PUCCH carrier switching is enabled for UE, whether PUCCH carrier switching is based on semi-static indication, dynamic indication or joint semi-static indication and dynamic indication can be configured by RRC signalling. 
When dynamic and semi-static PUCCH carrier switching are simultaneously enabled for UE, PUCCH carrier switching based on dynamic indication in DCI will be applied for HARQ-ACK for dynamic scheduled PDSCH, PUCCH carrier switching based on RRC configured PUCCH cell timing pattern will be applied for HARQ-ACK for SPS PDSCH without PDCCH.  
Proposal 5:
· Supporting joint operation of dynamic and semi-static carrier switching for a UE is slightly preferred. 

Semi-static PUCCH carrier switching for PUCCH repetition 
For semi-static PUCCH carrier switching, which is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells, one open issue is how to determine the slots/sub-slots and cell for PUCCH repetition transmissions. In Rel-16, when UE is configured with N_rep slot repetitions for PUCCH, UE will determine the earliest N_rep available slots on the Pcell having enough UL symbols for PUCCH transmission start from slot determined by HARQ-ACK timing k1. While for a UE configured with semi-static PUCCH carrier switching, UE firstly determines the slot and then determines the target cell in the slot based on PUCCH cell timing pattern. So for a PUCCH with slot repetitions, it is not clear for UE that it should firstly determine a set of continues slots based on repetition number and then determine target cell for each of slot, or it should determine one slot for the first repetition and determine a target cell with this slot, all following repetitions are also transmitted on this cell. For example, in the Fig.2.below, the PUCCH shown in the figure is configured with 4 slot based repetitions, with a following configured PUCCH cell timing pattern, whether the last two PUCCH repetitions are transmitted in slot #5 and slot #6 on CC #0 or transmitted in slot #3 and slot #4 on CC #1 is not clear. In other words, whether support inter-PUCCH repetition carrier switching or not needs to be specified to remove the ambiguity at UE side. 
[image: ]
Fig.2 Example for semi-static PUCCH carrier switching for a PUCCH with repetitions
 Proposal 6:
· For semi-static PUCCH carrier switching, further study how to determine the slots/sub-slots and target cell for PUCCH repetition transmissions.

Overlapping between a PUCCH for SPS HARQ-ACK and a PUCCH for DG HARQ-ACK on different carriers 
For a UE configured with dynamic PUCCH carrier switching, the cell for PUCCH transmission for HARQ-ACK for dynamically scheduled PDSCH (DG HARQ-ACK) is based on the DCI indication, the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell. In the given example in the Fig.3 below, with the dynamic carrier switching, in case PUCCH on CC #0(e.g., Pcell) for SPS HARQ-ACK is overlapped with the PUCCH on CC #1 for dynamic scheduled HARQ-ACK in time domain, multiplexing SPS HARQ-ACK with DG HARQ-ACK on PUCCH transmitted on CC #1 should be supported, especially when the PUCCH for SPS HARQ-ACK collides with DL symbol and SPS HARQ-ACK deferral is disabled. In other words, PUCCH carrier switching for SPS HARQ-ACK without corresponding PDCCH should be supported for this case. It reduces the latency and improves the spectrum efficiency.
[image: ]
Fig.3 Example for dynamic PUCCH carrier switching
However, when different numerologies are configured for the PUCCH cell for SPS HARQ-ACK and PUCCH cell for dynamic scheduled HARQ-ACK, as shown in the figure above, due to their k1 values are interpreted based on different reference numerologies, the current Type-1 HARQ-ACK codebook construction mechanism for multiplexing SPS HARQ-ACK and dynamically scheduled HARQ-ACK cannot be reused. For this issue, following two options can be considered:
· Option 1: Place the HARQ-ACK codebook for SPS HARQ-ACK only corresponding to CC #0 after the Type-1 codebook for dynamically scheduled HARQ-ACK corresponding to CC #1.
· Option 2: The HARQ-ACK codebook is based on following steps:
· Step 1:  For each SPS PDSCH, determine the slot offset k1’ between the slot for the dynamic scheduled PUCCH and the slot for SPS PDSCH reception based on the numerology of dynamic indicated cell, i.e., CC #1.
· Step 2: If the k1’ is in the K1 set of PUCCH CC #1, one HARQ-ACK position in the Type-1 HARQ-ACK codebook for DG HARQ-ACK corresponding to CC #1  can be always found for SPS PDSCH based on Rel-16 rule, then UE reports the A/N value of SPS PDSCH on the Type-1 codebook. 
· Step 3: If the k1’ is not in the K1 set of PUCCH CC #1,  append the SPS HARQ-ACK to the Type-1 codebook for dynamic scheduled HARQ-ACK. 
Proposal 7:
· For dynamic PUCCH carrier switching, in case PUCCH on a CC for SPS HARQ-ACK is overlapped with the PUCCH on another CC for dynamic scheduled HARQ-ACK in time domain, support multiplexing SPS HARQ-ACK and DG HARQ-ACK on the PUCCH resource for DG HARQ-ACK.
· FFS the Type-1 HARQ-ACK codebook construction for multiplexing SPS HARQ-ACK and DG HARQ-ACK.

Whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral
Regarding the FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral, from our point of views, it seems not necessary to support joint operation of semi-static PUCCH carrier switching and SPS HARQ-ACK deferral. While considering that the dynamic PUCCH carrier switching is only applicable for HARQ-ACK for dynamic scheduled HARQ-ACK, it is beneficial to support joint operation of dynamic PUCCH carrier switching and SPS HARQ-ACK deferral, and the SPS PDSCH transmission performance can be improved. 
When joint operation is configured for UE, in case the invalid PUCCH resource on CC #0 for SPS HARQ-ACK is overlapped with the PUCCH on CC #1 for dynamic scheduled HARQ-ACK in time domain, as shown in the Fig.3 above, it is unclear for UE to delay the SPS HARQ-ACK on the next valid PUCCH resource on CC #0 or switch the SPS HARQ-ACK on the PUCCH resource on CC #1 for DG HARQ-ACK. In our view, it is reasonable for UE to have a higher priority for PUCCH carrier switching for SPS HARQ-ACK, because it is flexible and reduces the SPS HARQ-ACK transmission latency.  
Proposal 8:
· Support joint operation of dynamic PUCCH carrier switching and SPS HARQ-ACK deferral.
· When the joint operation is configured, PUCCH carrier switching for SPS HARQ-ACK has priority over SPS HARQ-ACK deferral.  

5. Conclusion
In this contribution, we discussed the possible enhancements for HARQ-ACK feedback for URLLC. Proposals are summarized as following: 
Proposal 1:
· Support Type-1 HARQ-ACK codebook construction for sub-slot PUCCH configuration based on PDSCH TDRA grouping per DL sub-slot.
Proposal 2:
· Further study the HARQ-ACK location determination for SPS release in the Type-1 HARQ-ACK codebook based on sub-slot PUCCH configuration. 
Proposal 3:
· For one-shot triggering of HARQ-ACK retransmission on a PUCCH resource in Rel-17, support multiplexing of retransmitted HARQ-ACK and initial HARQ-ACK. 
· Further study how to multiplex retransmitted HARQ-ACK and initial HARQ-ACK on Type-1 HARQ-ACK codebook and Type-2 HARQ-ACK codebook.    
Proposal 4:
·  Further study the impact of dynamic requested HARQ-ACK retransmission on current DRX mechanism.
Proposal 5:
· Supporting joint operation of dynamic and semi-static carrier switching for a UE is slightly preferred. 
 Proposal 6:
· For semi-static PUCCH carrier switching, further study how to determine the slots/sub-slots and target cell for PUCCH repetition transmissions.
Proposal 7:
· For dynamic PUCCH carrier switching, in case PUCCH on a CC for SPS HARQ-ACK is overlapped with the PUCCH on another CC for dynamic scheduled HARQ-ACK in time domain, support multiplexing SPS HARQ-ACK and DG HARQ-ACK on the PUCCH resource for DG HARQ-ACK.
· FFS the Type-1 HARQ-ACK codebook construction for multiplexing SPS HARQ-ACK and DG HARQ-ACK.
Proposal 8:
· Support joint operation of dynamic PUCCH carrier switching and SPS HARQ-ACK deferral.
· When the joint operation is configured, PUCCH carrier switching for SPS HARQ-ACK has priority over SPS HARQ-ACK deferral.  
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Appendix 
TP for Type-1 HARQ-ACK codebook determination based on sub-slot PUCCH configuration
	9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
*** Unchanged text is omitted ***
Set N to the number of UL sub-slots in a slot. In the following pseudo code, slot of a PUCCH means sub-slot of a PUCCH and slot of a PDSCH means sub-slot of a PDSCH if sub-slot based type 1 CB is configured.
Set [image: ] - index of occasion for candidate PDSCH reception or SPS PDSCH release
Set [image: ]
Set [image: ]
Set [image: ] to the cardinality of set [image: ]
Set k =0 – index of slot timing values [image: ], in descending order of the slot timing values, in set [image: ] for serving cell [image: ]
Set , where i=0,…N-1
Set  to the set of rows
while 
Set m to a last OFDM symbol index, as determined by the SLIV, of any row of  with row index  


end while

If a UE is not provided ca-SlotOffset for any serving cell of PDSCH receptions and for the serving cell of corresponding PUCCH transmission with HARQ-ACK information.
while [image: ] 
if [image: ] 
Set [image: ] – index of a DL slot within an UL slot
while [image: ] 
Set [image: ] to the set of rows 
Set [image: ] to the cardinality of [image: ]
Set [image: ] – index of row in set [image: ]
if slot [image: ] starts at a same time as or after a slot for an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and slot  is before the slot for the active DL BWP change on serving cell [image: ] or the active UL BWP change on the PCell 
; 
else 
while [image: ]
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  where  , to slot , at least one symbol of the PDSCH time resource derived by row [image: ] is configured as UL where [image: ] is the k-th slot timing value in set [image: ], 
[image: ];
else
[image: ]; 
end if
end while
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and [image: ], 
[image: ]; 
[image: ];
else 
Set [image: ] to the cardinality of [image: ]
Set [image: ] to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of [image: ]
while [image: ]
Set [image: ] 
while [image: ]
if [image: ] for start OFDM symbol index [image: ] for row [image: ] 
[image: ]; - index of occasion for candidate PDSCH reception or SPS PDSCH release associated with row [image: ]
[image: ];
[image: ];
else
[image: ]; 
end if
end while
[image: ]
[image: ];
Set [image: ] to the smallest last OFDM symbol index among all rows of[image: ];
end while
end if
;
end if
end while
end if
[image: ];
end while
else
…
end if
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