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1 Introduction
In the previous RAN1 meeting, UE feedback enhancements for HARQ-ACK were discussed and there are the following agreements [1]: 
	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. 


In this contribution, we will further discuss more aspects about PUCCH carrier switching for HARQ feedback.
2 Discussion
1 
2 
In the previous meeting, the design of PUCCH switching was discussed and the proposal A.1~A.7 shown in the Appendix were supported by most of the companies. We have no further concerns and propose to take these proposals approved. In this contribution, we would take these proposals as basic assumptions.
Proposal 1: Approve the proposals in the appendix which was discussed in the previous meeting.
For the number of PUCCH cells per cell group for PUCCH switching, we think 2 cells could be moderate to achieve the latency performance gain and possible PUCCH load balance gain.
Proposal 2: The maximum number of PUCCH cells per cell group is defined as X=2.
For semi-static PUCCH carrier switching, there are two alternatives about the time-domain pattern periodicity: 
· Alt. 1: fixed to 10ms (i.e. fixed to the maximum value of dl-UL-TransmissionPeriodicity)
· Note: shorter periodicities can be created but repeating the shorter pattern within the 10ms pattern
· Alt. 2: RRC configured, using candidate values of applicable periodicities from dl-UL-Transmission Periodicity (i.e. {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10}) 
· Note: this does not reduce the RRC overhead compared to Alt. 1 due to ASN.1 coding
To our understanding, Alt.1 could support each periodicity raised in Alt.2. From the flexibility point of view, there is no distinction between Alt.1 and Alt.2. Considering specification simplicity, Alt. 1 is slightly preferred. The time-domain pattern defines the target PUCCH cell at the time of each reference slot. If mixed numerology is used in each candidate cell, the cell with the lowest SCS is proposed to be the reference cell. For the case the reference cell slot is longer than the target PUCCH cell slot, the first target PUCCH slot overlapping with the reference cell slot is used for UCI transmission. 
Proposal 3: For semi-static PUCCH carrier switching, the time-domain pattern configuration periodicity is fixed to 10ms.
Proposal 4: For semi-static PUCCH carrier switching, the reference cell corresponds to the lowest SCS of candidate cells. For the case the reference cell slot is longer than the target PUCCH cell slot, the first target PUCCH slot overlapping with the reference cell slot is used for UCI transmission.
For dynamic PUCCH carrier switching, a new dedicated DCI field is to be introduced to indicate the target PUCCH cell as stated in the proposal A.6 in the Appendix. If only HARQ-ACK for dynamically scheduled PDSCH, the first SPS PDSCH activated by activation DCI, or HARQ-ACK corresponding to the SPS release DCI is to be reported, the existing Type-1 and Type-2 HARQ-ACK codebook construction could be reused. It is possible that the target PUCCH carrier is indicated to an UL BWP which the corresponding configured K1 values or the numerology of UL BWP is different from that of the UL BWP for SPS HARQ-ACK. As illustrated in the Fig 1 below. The configured K1 for BWP1 and BWP2 is {2 3 4 5} and {4 5} respectively. The SCS of BWP 1 is 30KHz and the SCS of BWP2 is 15KHz. PUCCH is switched to BWP 2 in slot n. SPS PDSCH in BWP 1 is activated and the corresponding HARQ-ACK timing is indicated according to the granularity of BWP1 within {2 3 4 5}. SPS HARQ-ACK in the Fig 1 is 4 slots away from SPS PDSCH in BWP1. According to the current HARQ-ACK construction mechanism, the candidate PDSCHs for the HARQ-ACK in slot n is determined by the slot of BWP2 and the configured {4 5} for BWP2, which is within Slot A~F. It is noticed that the HARQ-ACK for the SPS PDSCH could not be included in the HARQ-ACK codebook in slot n with the current HARQ-ACK codebook construction procedure. Therefore, it is proposed to consider overlapped slots in other cells which includes SPS HARQ-ACK when constructs HARQ-ACK codebook in the target PUCCH cell.


Fig. 1	HARQ-ACK codebook construction with dynamic PUCCH switching
Moreover, if there is only SPS HARQ-ACK in one slot, dynamic PUCCH carrier switching could not be achieved since there is no instant DCI. If PUCCH switching is expected for this situation, dynamically triggering a PUSCH in anther cell could be considered.
Proposal 5: For HARQ-ACK codebook construction with dynamic PUCCH carrier switching, consider overlapped slots in other cells which includes SPS HARQ-ACK when constructs HARQ-ACK codebook in the target PUCCH cell.
For semi-static PUCCH carrier switching, the proposal A.4 in the appendix stated that PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology and PUCCH configuration of the reference cell. 
In the Fig 2 below, it is assumed the slot in BWP 2 is used as the reference slot. According to the predefined time pattern, PUCCH is in the slot m in BWP1 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 BWP1 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 in slot m does not match it. For this situation, it is proposed to construct HARQ-ACK codebook based on the reference slot and the numerology of reference BWP while not based on the actual slot which the PUCCH is transmitted.


Fig. 2	HARQ-ACK codebook construction with semi-static PUCCH switching
Proposal 6: For HARQ-ACK codebook construction with semi-static PUCCH carrier switching, based on the reference slot and the numerology of reference cell rather than based on the actual slot and numerology of the target PUCCH cell.
3 Conclusion
In this contribution, we discussed more aspects about PUCCH carrier switching for HARQ feedback in Rel.17 URLLC. The following proposals are reached:
Proposal 1: Approve the proposals in the appendix which was discussed in the previous meeting.
Proposal 2: The maximum number of PUCCH cells per cell group is defined as X=2.
Proposal 3: For semi-static PUCCH carrier switching, the time-domain pattern configuration periodicity is fixed to 10ms.
Proposal 4: For semi-static PUCCH carrier switching, the reference cell corresponds to the lowest SCS of candidate cells. For the case the reference cell slot is longer than the target PUCCH cell slot, the first target PUCCH slot overlapping with the reference cell slot is used for UCI transmission.
Proposal 5: For HARQ-ACK codebook construction with dynamic PUCCH carrier switching, consider overlapped slots in other cells which includes SPS HARQ-ACK when constructs HARQ-ACK codebook in the target PUCCH cell.
Proposal 6: For HARQ-ACK codebook construction with semi-static PUCCH carrier switching, based on the reference slot and the numerology of reference cell rather than based on the actual slot and numerology of the target PUCCH cell.
Reference
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Appendix A: Stable proposals made in the previous meeting
Proposal A.1: For PUCCH carrier 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 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
Proposal A.2: UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one carrier, i.e. gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot.
Proposal A.3: For semi-static PUCCH carrier 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 reference cell
· FFS: how to determine the reference cell 
· Note: the notation of a reference cell may not need to be introduced in the RAN1 specification depending on how the reference cell is to be determined. 
· 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 reference cell at least the applicable PUCCH cell
Proposal A.4: For semi-static PUCCH carrier switching, 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 carrier switching pattern.
· FFS: how to determine the reference cell 
· Note: the notation of a reference cell may not need to be introduced in the RAN1 specification depending on how the reference cell is to be determined.
Proposal A.5: For semi-static PUCCH carrier switching, the PUCCH resource indicator (PRI) is interpreted based on the PUCCH configuration of determined target PUCCH cell.
Proposal A.6: For PUCCH carrier 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.
Proposal A.7: The gNB will need to guarantee by configuration of the time-domain pattern for PUCCH carrier switching, that the PUCCH carrier switching points are to be aligned with PUCCH slot/sub-slot boundaries of a PUCCH cell.
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