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1 Introduction

In this contribution, we provide our views on the issues regarding to the retransmission of cancelled HARQ and PUCCH carrier switching for HARQ feedback.
2. Discussion
2.1 Retransmission of cancelled HARQ

During RAN1#106bis-e meeting, we have the following agreements for one-shot HARQ-ACK re-transmission on PUCCH:

	Agreement

Support triggering of one-shot HARQ re-transmission on PUCCH using DCI format 1_2. 

Agreement

For one-shot HARQ re-transmission on PUCCH, the triggering DCI dynamically indicates a ‘HARQ re-tx offset’ which is used to define the offset in number of PUCCH slots/sub-slots between the triggering DCI and the PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted. For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as either: 

· Alt. 1: n = m - HARQ_retx_offset
· Alt. 2: n = m + k - HARQ_retx_offset
· FFS: value range of the HARQ-retx_offset

Agreement

For one-shot triggering of HARQ-ACK re-transmission on PUCCH, 

· in case the dynamic Type 2 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 2 HARQ-ACK codebook to be re-transmitted to the Type 2 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.

· in case the semi-static Type 1 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 1 HARQ-ACK codebook to be re-transmitted to the Type 1 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.




In this section, we discuss some triggering details for the HARQ-ACK re-transmission. 

DCI design for triggering one-shot HARQ-ACK retransmission

When a DCI format supports the triggering of one-shot HARQ-ACK retransmission, some information should be added in the DCI. For example, a code point for enable/disable the triggering, a set of code points to indicate the slot-offset for the time position of the dropped HARQ-ACK and a set of code points to indicate the CB size for the HARQ-ACK retransmission. Therefore, the DCI should not be used for PDSCH scheduling when triggering the one-shot HARQ-ACK retransmission, and some unused fields such as MCS, RV and HPN can be re-interpreted for the purpose of one-shot HARQ-ACK retransmission.
Proposal 1:
The DCI should not be used for PDSCH scheduling when triggering the one-shot HARQ-ACK retransmission. Some unused fields can be re-interpreted for the purpose of one-shot HARQ-ACK retransmission.

Timing for triggering one-shot HARQ-ACK retransmission
A one-shot HARQ-ACK retransmission use case is the retransmission of a low-priority HARQ-ACK cancelled according to Rel-16 rules (e.g., collides with a high-priority UL channel or collides with a resource indicated by CI) in the initial HARQ-ACK slot. If the cancellation of the low-priority HARQ-ACK is determined according to a high priority DCI (e.g., a cancellation indication), it’s reasonable that the triggering of the one-shot HARQ-ACK retransmission should not be earlier than the high priority DCI. However, it is still open that whether the triggering can occur before the initial HARQ-ACK timing. From our point of view, there is not much benefit to allow the triggering occurs before the initial HARQ-ACK timing. One reason is the period between the high priority DCI and the initial HARQ-ACK timing would be very short if we assume the high priority DCI is URLLC related. In addition, we should meet the timeline requirements between the initial HARQ-ACK timing and HARQ-ACK retransmission but we have not yet discussed. Consider there is only one meeting left, it is suggested that the one-shot triggering should occur after the initial HARQ-ACK slot.
Proposal 2: 
The triggering DCI for HARQ-ACK retransmission should occur after the initial HARQ-ACK slot.
Proposal 3: 
For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as n = m - HARQ_retx_offset

Indication of HARQ-ACK CB size from the triggering DCI
When a UE receives a triggering for HARQ-ACK retransmission, the HARQ-ACK CB size could be implicitly determined by the slot-offset of the triggering DCI. For example, the slot-offset indicating a target slot where a cancelled HARQ-ACK CB could be retransmitted. However, if any DCI corresponding to the cancelled HARQ-ACK is lost, the UE may not always determine the HARQ-ACK CB size correctly. Therefore, to avoid the ambiguous on the HARQ-ACK CB size, the triggering DCI should explicitly indicate the CB size for the HARQ-ACK retransmission, for example, via the DAI field.
Proposal 4: 

The triggering DCI should explicitly indicate the CB size for the HARQ-ACK retransmission.
2.2 PUCCH carrier switching for HARQ feedback
During RAN1#106bis-e meeting, we have the following agreements regarding to the PUCCH carrier switching for HARQ feedback:

	General agreements: 

Agreement

For PUCCH carrier switching, support PUCCH carrier switching only among different TDD cells with PUCCH configured on the NUL carrier in Rel-17

Agreement

For PUCCH cell switching, support independent TPC per PUCCH cell including
· Separate P0 / TPC configuration per PUCCH cell
· Note: This flexibility is already provided as PUCCH-config is per UL BWP of a PUCCH cell
· Accumulating closed loop power control commands only within the same PUCCH target cell by reusing Rel-15 procedure, i.e.
· For dynamic PUCCH cell indication, the TPC command in the DCI scheduling the PUCCH only applies for the dynamically indicated PUCCH target cell
· For semi-static / time-domain pattern, the TPC command in the DCI scheduling the PUCCH only applies for the determined PUCCH target (using the time-domain pattern)
· Separate TPC command indication using DCI format 2_2 for the individual PUCCH cells
· Note: this requires configuration of individual TPC command starting points for each PUCCH cell within DCI format 2_2
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. 
Agreement

PUCCH cell switching between 2 cells is supported in Rel-17. 

Specific to PUCCH cell switching based on dynamic indication: 

Agreement

UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one cell, i.e., gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot. 

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

In addition, the dynamic target PUCCH cell indication also applies to HARQ-ACK corresponding to SCell dormancy indication without scheduling PDSCH.
Agreement

Support PUCCH cell switching based on dynamic indication in the DCI using DCI format 1_2 for a UE supporting DCI format 1_2. 

· The presence of the ‘PUCCH carrier switching’ bitfield in DCI format 1_2 is RRC configured. 

Conclusion
There is no consensus to support multiplexing of HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI on the dynamically indicated PUCCH cell (other than PCell / PSCell / PUCCH-SCell) in Rel-17.

· FFS: further handling, incl. e.g., UE does not expect overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI or overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI is to be dropped

· FFS: overlapping definition for SR and P/SP-CSI in terms of PUCCH slot or PUCCH resource

Specific to semi-static PUCCH cell switching: 

Agreement

For semi-static PUCCH cell switching, PCell / PSCell / PUCCH-SCell is reference cell:

· The time domain pattern configurations are based on the numerology of the reference cell. 

· The PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology and PUCCH configuration of a reference cell to be able to apply the time-domain PUCCH cell switching pattern. 

· Note: There may not be a need to define a ‘reference cell’ in the specification. This terminology is used for further clarifications of the procedure. 

Agreement

For semi-static PUCCH cell switching, the time-domain pattern configuration is based on the following properties:
· A single time-domain pattern is configured per PUCCH cell group
· The granularity of the time-domain pattern is one slot of the PCell / PSCell / PUCCH-SCell reference cell 
· The time-domain pattern is applied periodically 
· FFS on period / pattern length (e.g., 10ms, RRC configured, …).
· The pattern defines for each slot of the PCell / PSCell / PUCCH-SCell reference cell at least the applicable target PUCCH cell
Agreement

For semi-static PUCCH cell switching, the PUCCH resource indicator (PRI) is interpreted based on the PUCCH configuration of determined target PUCCH cell. 

Agreement

The periodicity / length of the time-domain pattern for semi-static PUCCH cell switching is directly determined by the RRC configuraton of the time domain pattern pucchCellPattern 
· Note: pucchCellPattern has a variable length of (1… maxNrofSlots) 
Agreement

Down-select in RAN1#107-e from Alt. 1 & Alt. 3 below:

For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  the following PUCCH cell slot is used for UCI transmission:
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot

· Alt. 3: using a relative slot-offset within the reference cell slot, the relative slot offset is configured in the time domain pattern (i.e. time domain pattern contains ‘cell index’ & ‘slot_offset’ for each reference cell slot)

· Note: different relative slot offset can be configured for each reference cell slot in the time domain pattern, details see R1-2108829

Agreement

Down-select in RAN1#107-e from Alt. 2 & Alt. 4 below:

For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot,  
· Alt. 2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot

· Note: there can be e.g. HARQ-ACK only be present in either of the overlapping slots, but not in more than one overlapping slot. 

· Alt. 4: the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 


For PUCCH carrier switching based on semi-static operation, the agreements above left some options for handling the the problems caused by different PUCCH slot length. Firstly, for the case that PCell slot is longer than the target PUCCH cell slot, it’s not clear which slot in the target PUCCH cell should be selected for the UCI transmission since there are multiple slots overlap with the PCell slot. During RAN1#106bis-e meeting, there are two alternatives to solve this problem: one (At. 1) is always selects the first target PUCCH slot that overlaps with the PCell slot; the other (Alt. 3) is to use a relative slot-offset within the reference cell slot. From our point of view, the Alt. 3 provides flexibility on the PUCCH resource scheduling; different UEs could be indicated with different slot-offsets to avoid large PUCCH overhead in a single slot. 
Proposal 5: 

For PUCCH carrier switching based on semi-static operation, using a relative slot-offset within the reference cell slot for UCI transmission when multiple target PUCCH cell slots overlap with a single PCell slot.

Consider the case that PCell slot is shorter than the target PUCCH slot, PUCCH resource of multiple PCell slots would mapped to one slot on the target SCell for PUCCH transmission. To prevent this situation, there are two alternatives as listed below:

·  Alt. 2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot

· Note: there can be e.g. HARQ-ACK only be present in either of the overlapping slots, but not in more than one overlapping slot. 

· Alt. 4: the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot.
The Alt. 4 is much preferred since it reflects realistic deployment scenarios.
Proposal 6: 

For PUCCH carrier switching based on semi-static operation, the UE does not expect a single target PUCCH slot to overlap with more than one PCell slot.
3. Conclusion

In this contribution we discuss some issues regarding to the retransmission of cancelled HARQ and PUCCH carrier switching for HARQ feedback. We have following proposal:
Proposal 1:
The DCI should not be used for PDSCH scheduling when triggering the one-shot HARQ-ACK retransmission. Some unused fields can be re-interpreted for the purpose of one-shot HARQ-ACK retransmission.

Proposal 2: 
The triggering DCI for HARQ-ACK retransmission should occur after the initial HARQ-ACK slot.
Proposal 3: 
For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as n = m - HARQ_retx_offset

Proposal 4: 
The triggering DCI should explicitly indicate the CB size for the HARQ-ACK retransmission
Proposal 5: 

For PUCCH carrier switching based on semi-static operation, using a relative slot-offset within the reference cell slot for UCI transmission when multiple target PUCCH cell slots overlap with a single PCell slot.

Proposal 6: 

For PUCCH carrier switching based on semi-static operation, the UE does not expect a single target PUCCH slot to overlap with more than one PCell slot.
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