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Discussion
1. Introduction
In the last RAN1 #106bis-e meeting, the following aspects were discussed for UE HARQ-ACK feedback enhancement [1]:
· SPS HARQ-ACK deferral for TDD

· Retransmission of cancelled HARQ
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.

· Type 1 HARQ codebook based on sub-slot PUCCH config 

· PUCCH carrier switching for HARQ feedback

Regarding PUCCH carrier switching for at least HARQ feedback, good progress had been done and issues listed by moderator that could be (at least) considered for RAN1#107-e are [1]:

· PUCCH repetition operation details – see discussions in Question 6.2.11 in Sec. 6.3 and the last discussed Proposal 6.2.11 in Sec. 6.6

· For dynamic PUCCH cell indication: 

· Handling of overlapping UCI: UE does not expect / or drop (see Question 6.8.1) 

· How to define the ‘overlapping’ (PUCCH slot or PUCCH resource): see discussions around Question 6.2.8 in Sec. 6.1 / Proposal 6.2.8 in Sec. 6.3. 

· For semi-static PUCCH cell switching

· Mixed SCS / PUCCH slot length handling (down-select between the two Alt. vor longer & shorter cases, potential clarification need in Proposal 6.6.2)

· Joint operation of dynamic & semi-static PUCCH cell switching

· Incl. the limitations of UCI multiplexing for dynamic PUCCH cell indication

In this contribution, we provide our views on some of the remaining issues for PUCCH carrier switching.
2. Discussion
PUCCH carrier switching based on dynamic indication in DCI
For PUCCH carrier switching based on dynamic indication in the DCI, it was agreed to introduce a new dedicated DCI field for the DCI scheduling PDSCH.
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. 

Another thing to be considered is fixed DCI size needs to be ensured which should be not depended on the DCI indicated target PUCCH cell. The PUCCH configuration (i.e. pucch-Config / PUCCH-ConfigurationList) was agreed to be configured per candidate cell and UL BWP of that specific candidate cell.
Agreement

Update the following RAN1#105-e agreement as:   

· RAN1#105-e Agreement: For PUCCH carrier switching, the PUCCH 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
In the DCI, the size of some fields depends on the PUCCH configuration i.e. pucch-Config. Such as PDSCH-to-HARQ_feedback timing indicator whose bit number is determined by the number of entries in the higher layer parameter dl-DataToUL-ACK for DCI format 1_1 and dl-DataToUL-ACK-ForDCI-Format1-2 for DCI format 1_2, and PUCCH resource indicator whose bit number is determined by higher layer parameter numberOfBitsForPUCCH-ResourceIndicatorForDCI-Format1-2 for DCI format 1_2. If these higher layer parameters are configured differently for different PUCCH cell, the resulting field length in the DCI is not aligned for each PUCCH cell. To make the DCI size to be unrelated to the indicated cell, the alternatives include:
Alt 1: UE does not expected that different number of K1 values or different numberOfBitsForPUCCH-ResourceIndicatorForDCI-Format1-2 values are configured for different PUCCH cells which could be switched.
Alt 2: If the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 or 1_2, or the bit width of the PUCCH resource indicator in DCI format 1_2 for one PUCCH cell is not equal to the same field for another PUCCH cell, a number of most significant bits with value set to '0' are inserted to smaller field until the bit width of the field for all the PUCCH cells are the same.
Between the two alternatives, alternative 2 is slightly preferred since it is more flexible for gNB configuration.

Proposal 1: For PUCCH carrier switching based on dynamic indication, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 or 1_2, or the bit width of the PUCCH resource indicator in DCI format 1_2 for one PUCCH cell is not equal to the same field for another PUCCH cell, a number of most significant bits with value set to '0' are inserted to smaller field until the bit width of the field for all the PUCCH cells are the same.

Whether multiplexing of HARQ-ACK without dynamic PUCCH cell indication, SR and P/SP-CSI on the dynamically indicated PUCCH cell is supported in Rel-17 was discussed in the last meeting without consensus.
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

If it is allowed to indicate another Scell dynamically for PUCCH transmission which is overlapped with HARQ-ACK without dynamic PUCCH cell indication, SR and P/SP-CSI transmission on PCell/PScell/PUCCH-Scell, specification effort is needed to define the dropping behavior and introduce new timeline for the dropping. To avoid dropping for HARQ-ACK on PCell/PScell/PUCCH-Scell and minimize specification impact, UE doesn’t expect the UCI on PCell/PScell/PUCCH-Scell to overlap with PUCCH on dynamically indicated Scell. The overlapping is defined in terms of PUCCH slot/sub-slot, so that PUCCH carrier switching in the middle of a slot/sub-slot is avoided.
Proposal 2: For PUCCH carrier switching based on dynamic indication, UE doesn’t expect the slots/sub-slots of the HARQ-ACK without dynamic PUCCH cell indication, SR and P/SP-CSI on PCell/PScell/PUCCH-Scell to overlap with the slots/sub-slots of PUCCH on dynamically indicated Scell.
The mixed SCS handling issue for dynamic indication of PUCCH carrier switching was discussed in RAN1#106[2]. Case (i) PUCCH slot on PCell is longer than PUCCH slot on dynamically indicated PUCCH cell is shown in the Figure below.
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Figure 1 DCI has indicated PUCCH transmission on SCell with shorter slot/sub-slot length than PCell

The other case (ii) is the PCell PUCCH slot length is shorter than the dynamically indicated PUCCH cell slot, as shown in the Figure below:
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Figure 2 DCI has indicated PUCCH transmission on SCell with larger slot/sub-slot length than PCell

Based on proposal 2, since the multiplexing of the HARQ-ACK without dynamic PUCCH cell indication, SR, P/SP-CSI from PCell/PScell/PUCCH-Scell to the PUCCH on dynamically indicated Scell is not supported, and gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot, both shorter and larger SCell slot/sub-slot length can be supported. As is agreed for dynamic indication of PUCCH carrier switching, the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH carrier, the PUCCH slot/sub-slot on the indicated PUCCH Scell can be selected based on the indicated k1. When the PCell PUCCH slot length is shorter than the dynamically indicated PUCCH cell slot, scheduling constraint that slots with the same UCI type from more than one PCell PUCCH slot do not overlap with a single dynamically indicated PUCCH cell slot is preferred for simple operation.
Proposal 3: For PUCCH carrier switching based on dynamic indication, both DCI indicating PUCCH transmission on SCell with shorter slot/sub-slot length than PCell and DCI has indicating PUCCH transmission on SCell with larger slot/sub-slot length than PCell are supported.
Proposal 4: For PUCCH carrier switching based on dynamic indication, when the PCell PUCCH slot length is shorter than the dynamically indicated PUCCH cell slot, 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.
Having separate PUCCH configuration (incl. k1 set configuration, subslotLengthForPUCCH configuration) for the individual PUCCH target cells complicates the type 1 CB construction, if different k1 sets or different PUCCH subslot/slot are configured for the different PUCCH target cells. Extending the Type 1 HARQ-ACK codebook by including an additional loop across the PUCCH cells considering their PUCCH cell specific slot/sub-slot length, SCS and k1 sets brings large specification effort. For simplicity, the UE is not expected to be configured with different k1 sets, as well as non-aligned PUCCH slots or sub-slots boundaries on PUCCH cells if the Type 1 HARQ-ACK codebook is configured. 

Proposal 5: For PUCCH carrier switching based on dynamic indication, if the UE is configured with Type 1 HARQ-ACK codebook, the UE is not expected to be configured with different k1 sets, non-aligned PUCCH slots or sub-slots boundaries across all configured PUCCH target cells. 
For the construction of Type 2 CB, the Rel-16 mechanism for HARQ-ACK codebook construction based on DAI counter can be re-used considered the overall HARQ payload size at the PUCCH target cell slot.
Proposal 6: For PUCCH carrier switching based on dynamic indication, if the UE is configured with Type 2 HARQ-ACK codebook, the Rel-16 Type 2 HARQ-ACK codebook construction can be directly reused. 
PUCCH carrier switching based on semi-statically configured carrier timing pattern

One of the remaining issues for PUCCH carrier switching based on semi-statically configured carrier timing pattern is the mixed SCS/ PUCCH slot length handling.

For the case, the slot of the PCell is longer than the target PUCCH cell slot or sub-slot, the question arises which of the overlapping target PUCCH cell slots is used for transmission, as shown in the Figure below: 
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Figure 3 PUCCH carrier switching to SCell with shorter slot length

Different alternatives had been discussed in the last meeting and the remaining ones for down selection are as following agreement.
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

Since PUCCH cell switching was introduced to reduce latency, Alt.1 is the simplest having that benefit.
Proposal 7: 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, the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission.
For the other case, the slot of the PCell is shorter than the target PUCCH cell slot or sub-slot as shown in the below figure, the question arises, what to do in this case considering the potential UCI in slot k and slot k+1:
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Figure 4 PUCCH carrier switching to SCell with longer slot length

There was agreement to down select from Alt. 2 & Alt. 4. We slightly prefer Alt. 2 which is less restrictive than Alt.4. However, the indication of target PUCCH cell slot is semi-statically rather than dynamically.
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. 

Proposal 8: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, 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 target PUCCH cell slot.
For Type 1 HARQ-ACK codebook construction, we need to consider whether the k1 set of the PCell is applicable especially for the case with a different SCS/ PUCCH slot length configuration of the PCell and the PUCCH target cell. When more than one PCell PUCCH slot/sub-slot is overlapping with a single PUCCH slot/subslot on the target PUCCH cell, a single PUCCH PCell slot would have HARQ-ACK information. When a single PCell PUCCH slot/sub-slot is overlapping with more than one PUCCH slot/subslot on the target PUCCH cell, the first target PUCCH slot overlapping with the PCell slot is ultilized for UCI transmission. As a consequence of the restriction for mixed SCS/ PUCCH slot length configuration case, a single PUCCH slot/sub-slot on PCell is mapped to single PUCCH slot/sub-slot on the target PUCCH cell. Therefore, the k1 set of the PCell could be used for Type 1 HARQ-ACK codebook. The Rel-16 Type 2 HARQ-ACK codebook construction can be directly reused.
Proposal 9: For semi-static PUCCH cell switching, the Type 1 HARQ-ACK codebook construction is based on the configured K1 set(s) of the PCell / PSCell / PUCCH-SCell.
Proposal 10: For semi-static PUCCH cell switching, the Rel-16 Type 2 HARQ-ACK codebook construction can be directly reused.
3. Conclusion
In this contribution, our proposals regarding PUCCH carrier switching for HARQ-ACK feedback enhancement are listed as follows:
Proposal 1: For PUCCH carrier switching based on dynamic indication, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 or 1_2, or the bit width of the PUCCH resource indicator in DCI format 1_2 for one PUCCH cell is not equal to the same field for another PUCCH cell, a number of most significant bits with value set to '0' are inserted to smaller field until the bit width of the field for all the PUCCH cells are the same.

Proposal 2: For PUCCH carrier switching based on dynamic indication, UE doesn’t expect the slots/sub-slots of the HARQ-ACK without dynamic PUCCH cell indication, SR and P/SP-CSI on PCell/PScell/PUCCH-Scell to overlap with the slots/sub-slots of PUCCH on dynamically indicated Scell.

Proposal 3: For PUCCH carrier switching based on dynamic indication, both DCI indicating PUCCH transmission on SCell with shorter slot/sub-slot length than PCell and DCI has indicating PUCCH transmission on SCell with larger slot/sub-slot length than PCell are supported.

Proposal 4: For PUCCH carrier switching based on dynamic indication, when the PCell PUCCH slot length is shorter than the dynamically indicated PUCCH cell slot, 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.
Proposal 5: For PUCCH carrier switching based on dynamic indication, if the UE is configured with Type 1 HARQ-ACK codebook, the UE is not expected to be configured with different k1 sets, non-aligned PUCCH slots or sub-slots boundaries across all configured PUCCH target cells. 
Proposal 6: For PUCCH carrier switching based on dynamic indication, if the UE is configured with Type 2 HARQ-ACK codebook, the Rel-16 Type 2 HARQ-ACK codebook construction can be directly reused. 
Proposal 7: 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, the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission.
Proposal 8: For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot, 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 target PUCCH cell slot.
Proposal 9: For semi-static PUCCH cell switching, the Type 1 HARQ-ACK codebook construction is based on the configured K1 set(s) of the PCell / PSCell / PUCCH-SCell.
Proposal 10: For semi-static PUCCH cell switching, the Rel-16 Type 2 HARQ-ACK codebook construction can be directly reused.
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