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1 Introduction
In the previous RAN1 meeting, UE feedback enhancements for HARQ-ACK were discussed and the achieved agreements in [1] about “PUCCH carrier switching for HARQ feedback” are listed in the appendix A. Most of the issues about PUCCH carrier switching has been concluded. In this contribution, we will further discuss the remaining aspects.
2 Semi-static PUCCH cell switching
In the previous meeting, PUCCH cell pattern configuration with mixed SCS / different PUCCH (sub-)slot length was discussed and the cases when the PCell slot is be longer than and shorter than the target PUCCH cell slot was discussed respectively. Each case has two Alts to be down selected.
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

The pros of Alt 1 is less specification efforts, and low latency while would be enjoyed in URLLC. For Alt 3, the latency improvements would be impacted and the flexibility and efficiency is to be justified since the slot offset configuration is anyhow semi-static.
Proposal 1:  Support Alt.1 when the PCell slot to be longer than the target PUCCH cell slot or sub-slot for PUCCH carrier switching based on semi-static operation.
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 PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot.

It has been agreed that PUCCH cell switching between 2 cells is supported in Rel-17. To our understanding, if there are two PUCCH cells, the natural deployment is to configure the cell with longer slot length as the PCell. This is the assumption in Alt.4.
Proposal 2:  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 semi-static PUCCH cell switching, it is agreed that PCell / PSCell / PUCCH-SCell is reference cell, the time domain pattern configurations are based on the numerology of the reference cell and the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology and PUCCH configuration of the reference cell. In the Fig. 1 below, it is assumed the slot #n in PUCCH Cell-1(Pcell) is used as the reference slot. According to the predefined time pattern, PUCCH is in the slot m in PUCCH Cell-2 at the time of reference slot n. With the current HARQ-ACK codebook construction, HARQ-ACK codebook in the slot m is determined by the granularity of slot m and configured K1={2 3 4 5} for PUCCH Cell-2 which is within slot F, G, H, I, L, M. However, the PDSCH in A~H, J~M could be indicated to the reference slot n while the HARQ-ACK codebook construction in slot m does not match it at all. Therefore, it is proposed to construct HARQ-ACK codebook based on the the reference slot, the numerology and K1 set(s) of PCell / PSCell / PUCCH-SCell while not based on those for the actual slot which the PUCCH is transmitted.


Fig. 1	HARQ-ACK codebook construction with semi-static PUCCH switching
Proposal 3: For HARQ-ACK codebook construction with semi-static PUCCH carrier switching, based on the reference slot, the numerology and K1 set(s) of PCell / PSCell / PUCCH-SCell rather than based on the actual slot and the numerology and K1 set(s) of the target PUCCH cell. 
3 Dynamic PUCCH cell switching
For dynamic PUCCH cell switching, multiplexing UCI from another cell other than the PUCCH cell was discussed and there was one conclusion in the previous meeting:
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

For the overlapping definition for SR and P/SP-CSI in terms of PUCCH slot or PUCCH resource, there are the following alternatives:
Alt. 1: the PUCCH resource of the UCI on PCell / PSCell / PUCCH-SCell and the PUCCH resource of UCI on the dynamically indicated PUCCH cell are overlapping
· Note: in case of no PUCCH overlap, some specific handling would be needed (PUCCH on PCell / PSCell / PUCCH-SCell and dynamically indicated PUCCH cell)
Alt. 2: if the slots (not necessarily the PUCCHs) of the UCI on PCell / PSCell / PUCCH-SCell and the dynamically indicated PUCCH cell are overlapping
· Note: this does not require the PUCCH resources to be overlapping, i.e., all applicable UCI multiplexed on the dynamically indicated PUCCH cell 
Alt. 3: Other
With Alt.1, it is possible to decide the situation of PUCCH overlapping with the symbol level granularity. Then much complexity would be introduced.
About Alt.2, considering actual deployment, it is possible the dynamically indicated target PUCCH slot in Scell is shorter than the slot/sub-slot of PCell as illustrated in the Fig.1. Then it is proposed to define the overlapping for HARQ-ACK SR and P/SP-CSI on PCell / PSCell / PUCCH-SCell and the PUCCH on the dynamically indicated PUCCH cell, the slot on the PCell / PSCell / PUCCH-SCell which overlaps with the dynamically indicated PUCCH should be used to decide whether there is overlapping. That is Slot #n in the Fig.1.


Fig. 1	HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI in one PUCCH cell and the PUCCH cell which is dynamically indicated
Proposal 4:  HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI is overlapped with dynamically indicated PUCCH if the slot which these UCIs are located is overlapped with the slot which the dynamically indicated PUCCH is located.
If 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) is not supported in Rel-17, further clarifications about the corresponding handling is needed, two preferred ways were put forward in the previous discussion.
For PUCCH cell switching based on dynamic indication, if the multiplexing of some UCI from PCell/PScell/PUCCH-cell is not supported, what is the preferred way of handling: 
· Understanding A: UE doesn’t expect the UCI on PCell/PScell/PUCCH-Scell to overlap with PUCCH on dynamically indicated Scell.
· Understanding B: If UCI on PCell/PScell/PUCCH-Scell overlaps with PUCCH on dynamically indicated Scell, UE drops the PUCCH on PCell/PScell/PUCCH-Scell and transmits PUCCH on dynamically indicated Scell.

For understanding B, the UE drops the PUCCH on PCell/PScell/PUCCH-Scell and transmits PUCCH on dynamically indicated Scell when UCI on PCell/PScell/PUCCH-Scell overlaps with PUCCH on dynamically indicated Scell，whether there would be deferred transmission for the dropped UCI or the dropped UCI is completely erased would need further consideration. To our opinion, understanding A is preferred for simplicity.
[bookmark: _GoBack]Proposal 5:  For PUCCH cell switching based on dynamic indication, if the multiplexing of some UCI from PCell/PScell/PUCCH-cell is not supported, UE doesn’t expect the UCI on PCell/PScell/PUCCH-Scell to overlap with PUCCH on dynamically indicated Scell.
4 Conclusion
In this contribution, we discussed the remaining aspects about PUCCH carrier switching for HARQ feedback in Rel.17 URLLC. The following proposals are reached:
Proposal 1:  Support Alt.1 when the PCell slot to be longer than the target PUCCH cell slot or sub-slot for PUCCH carrier switching based on semi-static operation.
Proposal 2:  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.
Proposal 3: For HARQ-ACK codebook construction with semi-static PUCCH carrier switching, based on the reference slot, the numerology and K1 set(s) of PCell / PSCell / PUCCH-SCell rather than based on the actual slot and the numerology and K1 set(s) of the target PUCCH cell. 
Proposal 4:  HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI is overlapped with dynamically indicated PUCCH if the slot which these UCIs are located is overlapped with the slot which the dynamically indicated PUCCH is located.
Proposal 5:  For PUCCH cell switching based on dynamic indication, if the multiplexing of some UCI from PCell/PScell/PUCCH-cell is not supported, UE doesn’t expect the UCI on PCell/PScell/PUCCH-Scell to overlap with PUCCH on dynamically indicated Scell.
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Appendix A: Agreements made on the topic of “PUCCH carrier switching for HARQ feedback” in the RAN1 #106bis-e meeting

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.
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