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1. Introduction
In this contribution, we discuss some remaining issues of HARQ-ACK feedback enhancements for Rel-17 IIoT/URLLC left after RAN1#108-e meeting [1][2].   
2. Discussion
In last RAN1 meeting, great progress has been made in Rel-17 IIoT/URLLC. However, there are still some unsettled issues, which are related PUCCH cell switching. In this section, we will discuss and provide views for these issues.
2.1. Remaining issues for semi-static PUCCH cell switching
In last RAN1 meeting, whether and how to support joint operation of semi-static PUCCH cell switching and PUCCH repetition was discussed but no agreement was achieved. In our understanding, simultaneous configuration of semi-static PUCCH cell switching and PUCCH repetition operation should be supported, since both short latency and high reliability are very important for URLLC traffic. In addition, with following agreement made in RAN1 106-e meeting, because there is no limitation on that repletion factor value must be equal to 1, it implicitly indicates that the simultaneous configuration of semi-static PUCCH cell handover switching and PUCCH repetition is supported already. 
	Agreement
For semi-static and dynamic indication of PUCCH cell switching, the PUCCH repetition factor is determined based on the PUCCH format or PUCCH resource on the target PUCCH cell for the first repetition.


Regarding how to support the joint operation of semi-static PUCCH cell switching and PUCCH repetition, the key issue is that when the value of PUCCH repetition factor is larger than one, how to determine the slots/sub-slots and target cell for PUCCH repetition transmissions. It can be down-selected from the following alternatives. 
· Alt.1: The target cell is determined for each PUCCH repetition individually (i.e., switching within the repetition bundle is supported).
· FFS further details and/or restrictions
· Alt.2A: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported 
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and is not counted towards the total number of PUCCH repetitions, i.e., the repetition is postponed as in Rel-16.
From our point of views, Alt.2A is simple and aligned with Rel-16 PUCCH repetition operation rule. Alt.1 is more flexible and the reliability of PUCCH transmission can be ensured, but the details still need to be further discussed. For the sake of progress, both of two alternatives are accepted for us. 
For Alt.1 that PUCCH cell switching within the repetition bundle is supported, there are two issues need to be further discussed. One issue is how to determine PUCCH resource for different PUCCH repetitions different PUCCH cells. Different PUCCH-Config are configured for Pcell and PUCCH-sScell, it has been agreed that the PUCCH repetition factor is determined based on the PUCCH format or PUCCH resource on the target PUCCH cell for the first repetition, while when PUCCH repetitions are determined to be transmitted on different PUCCH cells, the PUCCH resource for each PUCCH repetition is determined from a PUCCH cell or different cells is not clear. For this issue, following options can be considered:
· Opt.1: PUCCH resource of each PUCCH repetition is same and the PUCCH resource is determine based on the target PUCCH cell for the first repetition.
· Opt.2: PUCCH resource of PUCCH repetitions on different cells are different. UE determines the PUCCH resource for repetitions on each target cell based on the same PUCCH resource indicator value from the different PUCCH resource sets of the corresponding PUCCH cells.
· Opt.3: PUCCH resource of PUCCH repetitions on different cells are different. For dynamic scheduled HARQ-ACK, UE determines the PUCCH resource for repetitions on each target cell based on the extended PRI field in the scheduling DCI, i.e., the PRI field includes two PRI values separately indicate for PUCCH resource determination for PUCCH repetitions on Pcell and PUCCH-sScell. 
Opt.1 is simple but restrictive, Opt.3 is most flexible but can only be used for dynamic scheduled HARQ-ACK, so we prefer simple and straightforward opt.2.
Another issue of Alt.1 needs to be solved is how to determine the PUCCH slot for repetition when different numerologies are configured for Pcell and PUCCH-sScell. Following two options are provided in last meeting:
· Option 1: In case of more than one overlapping PUCCH slot on the PUCCH SCell with a single PUCCH slot on PCell, the PUCCH repetition is mapped only on the first overlapping PUCCH slot on the PUCCH sSCell. 
· Note: this is aligned with the agreed mapping in case of shorter PUCCH cell length on PUCCH Scell 
· Option 2: In case of more than one overlapping PUCCH slot on the PUCCH SCell with a single PUCCH slot on PCell, PUCCH repetitions are mapped to each of the overlapping PUCCH slot on the PUCCH sSCell.
Option 1 is simple, while option 2 is preferred to achieve lower latency. 
Proposal 1:
· Support joint operation of semi-static PUCCH cell switching and PUCCH repetition in Rel-17. 
· Both Alt.1 and Alt.2A are acceptable.

Proposal 2:
· For joint operation of semi-static PUCCH cell switching and PUCCH repetition, if Alt.1 that PUCCH cell switching within the repetition bundle is supported, 
· UE determines the PUCCH resource for repetition on each target cell based on the same PUCCH resource indicator value from the different PUCCH resource sets of the corresponding PUCCH cells.

Proposal 3:
· For joint operation of semi-static PUCCH cell switching and PUCCH repetition, if Alt.1 that PUCCH cell switching within the repetition bundle is supported, 
· In case of more than one overlapping PUCCH slot on the PUCCH SCell with a single PUCCH slot on PCell, PUCCH repetitions are mapped to each of the overlapping PUCCH slot on the PUCCH sSCell.

2.2. Remaining issues for dynamic PUCCH cell switching
For PUCCH cell switching based on dynamic indication, following agreements were achieved in previous meetings [3][4].
	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
For PUCCH cell switching based on dynamic indication in the DCI, introduce a new, dedicated DCI field for the DCI scheduling PDSCH to indicate the target PUCCH cell. 
Agreement
PUCCH cell switching between 2 cells is supported in Rel-17.


When dynamic PUCCH cell switching is enabled, two PUCCH cells are configured for UE to transmit PUCCH for UCI. For HARQ-ACK with corresponding DCI including PUCCH cell indicator field, e.g., the HARQ-ACK for PDSCH scheduled by DCI format 1_1 or DCI format 1_2, UE determines the cell for PUCCH transmission for HARQ-ACK based on the PUCCH cell indicator field indication, which was captured in current specification as following. 
	9.A	PUCCH Cell Switching
This clause is applicable when a UE is provided a PUCCH-sSCell by pucch-sSCell and the PUCCH-sSCell is activated and does not have a dormant UL/DL active BWP. 
[….]
If a UE is provided pucch-sSCellDyn or pucch-sSCellDynDCI-1-2, a corresponding DCI format associated with generation of HARQ-ACK information by the UE can include a PUCCH cell indicator field, as described in [5, TS 38.212], that indicates whether the PUCCH transmission with the HARQ-ACK information by the UE is on the Pcell or on the PUCCH-sSCell.  
[….]


However, for UCI without associated PUCCH cell indicator field, e.g., the HARQ-ACK for SPS PDSCH without PDCCH, how to determine the cell for PUCCH transmission for the HARQ-ACK is not captured in current specification, so it is not clear for UE to transmit the SPS HARQ-ACK on the cell indicated by the activation DCI of the SPS configuration or always on the Pcell. For this issue, following options were discussed in last meeting [2].
· Option 1: For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement).
· The UE does not expected to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI in a slot overlapping with a PUCCH slot with UCI on PCell / SPCell / PUCCH-SCell slot.
· The UCI on PCell /SPCell / PUCCH SCell dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the PUCCH sScell.
· Option 2: For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement). 
· The UE does not expected to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI. 
· Option 3: For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI (including the first SPS PDSCH activated by Activation DCI) is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI 
· Note: This changes an earlier agreement in terms of handling for the first SPS PDSCH activated by Activation DCI
· Option 4: For dynamic PUCCH cell switching, all PUCCH transmissions with HARQ-ACK for SPS PDSCH receptions of a SPS configuration are on the cell indicated by the DCI format activating the SPS PDSCH receptions.
Considering the approved clarification of the 1st SPS PDSCH with activation DCI [5] for Rel-16 in last meeting, the 1st SPS PDSCH transmitted in response of the SPS PDSCH activation is considered as an SPS-PDSCH other than DG PDSCH, and the PUCCH resource determination for the SPS-PDSCH with the corresponding activation DCI follows the RRC-configured n1PUCCH-AN, or SPS-PUCCH-AN-List like all the subsequent SPS-PDSCHs do. We think the PUCCH cell switching for the 1st SPS-PDSCH with the corresponding activation DCI should follow the same principle. Therefore, PUCCH cell determination for both the 1st SPS-PDSCH with the corresponding activation DCI and the subsequent SPS-PDSCHs without PDCCH can be the same, option 3 and option 4 are aligned with the principle. In our opinion, the flexibility of option 4 seems not necessary, it may have the problem of codebook construction for HARQ-ACK on different cells and be hardly avoided by gNB implementation, e.g., there are two SPS configurations are activated, the target PUCCH cell of one SPS configuration is Pcell, the target PUCCH cell of another SPS configuration is PUCCH-sScell, PUCCH resources for HARQ-ACK for subsequent SPS PDSCH of the two SPS configurations may be overlapped in time domain, then how to handle the overlapping case and construct the codebook need to be discussed. Therefore, option 3 is slightly preferred, while option 2 is also acceptable to not change previous agreement. 

Proposal 4:
· When UE is configured with PUCCH cell switching based on dynamic indication, 
· [bookmark: _GoBack]the HARQ-ACK of SPS PDSCH without associated DCI (including the first SPS PDSCH activated by Activation DCI) is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI

2.3. Remaining issues for Type-1 HARQ-ACK codebook for PUCCH cell switching
In RAN1 107b-e meeting, following agreements were achieved for Type-1 HARQ-ACK codebook construction for PUCCH cell switching. 
	Agreement
For dynamic PUCCH cell switching, the Type 1 HARQ-ACK codebook construction is based on the k1 set(s) of the dynamically indicated PUCCH cell.
Agreement:
For PUCCH cell switching based on semi-static time domain pattern, the Type 1 HARQ-ACK codebook construction is based on the k1 set(s) of the PCell / SPCell / PUCCH SCell.


When UE is configured with Type-1 HARQ-ACK and PUCCH cell switching, the Type-1 HARQ-ACK codebook construction procedure in PUCCH has been captured in current specification below. 
	[bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc20311582][bookmark: _Toc26719407][bookmark: _Toc29894840][bookmark: _Toc29899139][bookmark: _Toc29899557][bookmark: _Toc29917294][bookmark: _Toc36498168][bookmark: _Toc45699194][bookmark: _Toc92093836]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
For a serving cell , an active DL BWP, and an active UL BWP, as described in clause 12, the UE determines a set of  occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot . If serving cell  is deactivated, the UE uses as the active DL BWP for determining the set of  occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:
a)	on a set of slot timing values  associated with the active UL BWP on the primary cell or, if the PUCCH transmission is indicated by a DCI format to be on the PUCCH-sSCell as described in clause 9A, on a set of slot timing values  associated with the active UL BWP on the PUCCH-sSCell
 [….]
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: ]
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: ]or subslotLengthForPUCCH is provided for the HARQ-ACK codebook 
Set [image: ] – index of a DL slot overlapping with an UL slot
Set  to a number of DL slots overlapping with UL slot  if subslotLengthForPUCCH is provided for the HARQ-ACK codebook; otherwise, 
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, or subslotLengthForPUCCH is provided for the HARQ-ACK codebook and slot  overlaps with UL slot , , where  is a DL slot with a smallest index among DL slots overlapping with UL slot ,; 
else 
 [….]


While when the target cell is PUCCH-sSCell for Type-1 HARQ-ACK codebook transmission, if the active UL BWP of PUCCH-sSCell changes, the HARQ-ACK for PDSCH reception(s) on the DL BWP prior to the UL BWP switching should be not transmitted.  It seems that impact of the active BWP change of PUCCH-sSCell on Type-1 HARQ-ACK codebook construction is not captured in the specification yet. Therefore, we give the following TP to capture impact of the active BWP change of PUCCH-sSCell on Type-1 HARQ-ACK codebook construction.  
[bookmark: OLE_LINK76]Proposal 5: 
· Adopt following text change for clause 9.1.2.1 in TS 38.213.
	9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
For a serving cell , an active DL BWP, and an active UL BWP, as described in clause 12, the UE determines a set of  occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot . If serving cell  is deactivated, the UE uses as the active DL BWP for determining the set of  occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:
a)	on a set of slot timing values  associated with the active UL BWP on the primary cell or, if the PUCCH transmission is indicated by a DCI format to be on the PUCCH-sSCell as described in clause 9A, on a set of slot timing values  associated with the active UL BWP on the PUCCH-sSCell
 [….]
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: ]
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: ]or subslotLengthForPUCCH is provided for the HARQ-ACK codebook 
Set [image: ] – index of a DL slot overlapping with an UL slot
Set  to a number of DL slots overlapping with UL slot  if subslotLengthForPUCCH is provided for the HARQ-ACK codebook; otherwise, 
while  
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 or an active UL BWP change on the PUCCH-sSCell 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 or an active UL BWP change on the PUCCH-sSCell, or subslotLengthForPUCCH is provided for the HARQ-ACK codebook and slot  overlaps with UL slot , , where  is a DL slot with a smallest index among DL slots overlapping with UL slot ,; 
else 
 [….]



3. Conclusion
In this contribution, we discussed the remaining issues for HARQ-ACK feedback for URLLC. Proposals are summarized as following: 
Proposal 1:
· Support joint operation of semi-static PUCCH cell switching and PUCCH repetition in Rel-17. 
· Both Alt.1 and Alt.2A are acceptable.
Proposal 2:
· For joint operation of semi-static PUCCH cell switching and PUCCH repetition, if Alt.1 that PUCCH cell switching within the repetition bundle is supported, 
· UE determines the PUCCH resource for repetition on each target cell based on the same PUCCH resource indicator value from the different PUCCH resource sets of the corresponding PUCCH cells.
Proposal 3:
· For joint operation of semi-static PUCCH cell switching and PUCCH repetition, if Alt.1 that PUCCH cell switching within the repetition bundle is supported, 
· In case of more than one overlapping PUCCH slot on the PUCCH SCell with a single PUCCH slot on PCell, PUCCH repetitions are mapped to each of the overlapping PUCCH slot on the PUCCH sSCell.
Proposal 4:
· When UE is configured with PUCCH cell switching based on dynamic indication, 
· the HARQ-ACK of SPS PDSCH without associated DCI (including the first SPS PDSCH activated by Activation DCI) is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI
Proposal 5: 
· Adopt following text change for clause 9.1.2.1 in TS 38.213.
	9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
For a serving cell , an active DL BWP, and an active UL BWP, as described in clause 12, the UE determines a set of  occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot . If serving cell  is deactivated, the UE uses as the active DL BWP for determining the set of  occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The determination is based:
a)	on a set of slot timing values  associated with the active UL BWP on the primary cell or, if the PUCCH transmission is indicated by a DCI format to be on the PUCCH-sSCell as described in clause 9A, on a set of slot timing values  associated with the active UL BWP on the PUCCH-sSCell
 [….]
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: ]
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: ]or subslotLengthForPUCCH is provided for the HARQ-ACK codebook 
Set [image: ] – index of a DL slot overlapping with an UL slot
Set  to a number of DL slots overlapping with UL slot  if subslotLengthForPUCCH is provided for the HARQ-ACK codebook; otherwise, 
while  
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 or an active UL BWP change on the PUCCH-sSCell 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 or an active UL BWP change on the PUCCH-sSCell, or subslotLengthForPUCCH is provided for the HARQ-ACK codebook and slot  overlaps with UL slot , , where  is a DL slot with a smallest index among DL slots overlapping with UL slot ,; 
else 
 [….]
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