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Introduction
During RAN#88-e plenary [1], it was agreed to specify in Rel-17 the required UE feedback enhancements for HARQ-ACK.

In this paper, we discuss some HARQ-ACK feedback enhancements like cross-carrier PUCCH switching. 
PUCCH Carrier Switching
Different Slot/sub-slot configurations across PUCCH carriers
If the different PUCCH carriers don’t have the same slot/sub-slot configurations, K1 will be interpreted in terms of slot on one carrier and in terms of sub-slot on another carrier. A carrier configured with sub-slot configuration may have a different K1 set suitable for the smaller sub-slot granularity. For example if a PCell is configured with slot-based and K1 set = {1} and an SCell is configured with 2 OS sub-slot and K1 set = {1,2,4,6}, and if we use K1 set of the PCell as reference for the type-1 HARQ-ACK codebook construction for example for the semi-static PUCCH switching, then this means we can map to the previous slot on PCell but only to the previous sub-slot on the SCell, which means we map to different time window on the two carriers and we penalize the carrier with the sub-slot configuration. 
Also, having the PCell sub-slot shorter than the target PUCCH cell sub-slot is similar to the case of switching between PUCCH cells of different numerologies where the PCell slot is shorter than the target PUCCH cell slot

It is better to have the PUCCH carriers with the same slot/sub-slot configurations to avoid complexity in the HARQ-ACK codebook construction. 
Alternatively, PUCCH carriers with different slot/sub-slot configurations should be supported as a UE capability. 

[bookmark: _Hlk92800601]
Proposal 1: PUCCH carriers in a PUCCH group should have the same slot/sub-slot configurations.

Proposal 2: PUCCH carrier switching between carriers of different numerologies to be supported as a UE capability. 


Processing time N1
[bookmark: _Hlk92461698]N1 is the number of OFDM symbols required for UE processing from the end of PDSCH reception to the earliest possible start of the corresponding HARQ ACK/NACK Feedback transmission. Different carriers may have different processing time capabilities, different numerologies… Hence, switching the PUCCH carrier may impact the required processing time. 


Currently the processing time is calculated as follow: 


[bookmark: _Hlk92706669][bookmark: _Hlk45742881][bookmark: _Hlk500865557][bookmark: _Hlk508187268] 
[bookmark: _Hlk92706649]Where where µ corresponds to the one of (µPDCCH, µPDSCH, µUL) resulting with the largest Tproc,1, where the µPDCCH corresponds to the subcarrier spacing of the PDCCH scheduling the PDSCH, the µPDSCH corresponds to the subcarrier spacing of the scheduled PDSCH, and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted.
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In the figure above, on the PCell, the DCI is scheduling a PDSCH and also pointing to PUCCH on the following PCell slot. 
On the SCell, another DCI is scheduling PDSCH and is switching PUCCH carrier to the SCell. According to a previous agreement, for the case the PCell slot to be longer than the target PUCCH cell slot, the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission. However, this is not possible because the processing time of the PDSCH on the PCell doesn’t allow PUCCH transmission on any slot overlapping with the first 8 symbols of the PCell slot. 
 
Proposal 3: [bookmark: _Hlk92800613]In the largest Tproc,1 calculation, µUL could be defined as the smallest numerology across all PUCCH cells in the PUCCH group.  


K1 Set

K1 set of the Type 1 HARQ-ACK codebook construction could be based on the PCell / SPCell / PUCCH Scell for semi-static PUCCH cell switching and on the dynamically indicated PUCCH cell for dynamic PUCCH cell switching. 

Although, the design above can have some limitations in addressing some configurations as highlighted in the figure below. In the figure below, we assume dynamic cell switching. If we choose SCELL for PUCCH transmission on slot#2 and slot#4, it means we will miss to A/N any PDSCH on PCELL on slot#2 and we need to wait till slot #5 to switch back the PUCCH transmission to PCELL to A/N slot#2.

This issue can be addressed with a better network configuration where K1on Scell should be extended to for example include the value 2 but it will lead some reporting redundancy.
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[bookmark: _Hlk92800620]
Proposal 4: Type 1 HARQ-ACK codebook construction is based on the k1 set(s) 
· of the PCell / SPCell / PUCCH Scell for semi-static PUCCH cell switching; and
· of the dynamically indicated PUCCH cell for dynamic PUCCH cell switching 


HARQ-ACK codebook per PUCCH group or PUCCH carrier

With a PUCCH configuration per PUCCH carrier, the HARQ-ACK codebook could be: 
Option 1:  defined per PUCCH group (Rel-16) 
· only one PUCCH at a time and carrier is dynamic
Option 2: defined per PUCCH carrier. Within the same PUCCH group, HARQ-ACK codebooks as much as the number of PUCCH carriers.
· Complexity of having multiple CBs construction in parallel.
· If there is overlap in time, the UE will have issue in transmitting simultaneous PUCCHs. But this can be avoided by defining some restrictions.
[bookmark: _Hlk92800626]
Proposal 5: HARQ-ACK codebook per PUCCH carrier to be supported. 

Intra-UE multiplexing with dynamic PUCCH 
[bookmark: _Hlk92800632]
Proposal 6:  If LP-PUCCH transmission is overlapping with HP-CG-PUSCH, the UE prioritizes the transmission of PUSCH and the gNB needs to re-schedule the PUCCH transmission on different or same carrier. For HP-PUCCH re-use Rel-16 prioritization rules.

PUCCH Carrier Switching pattern with empty occasions


PUCCH carrier switching pattern could have some empty slots if there is no UL slots on any PUCCH carrier. 
However the current RRC configuration using the RRC parameter pucchCellPattern - (1..maxNrofSlots) of INTEGER (0..1) assumes two PUCCH carriers with a selection of a carrier for each slot in the pattern. Hence there is no indication in the pattern about empty slot where UL transmission is not possible. 
Hence the TDD UL/DL patterns are needed to filter the PUCCH cell pattern to determine the UL slots. This is obviously straightforward as the UE/gNB have knowledge about the TDD patterns. However it should be clarified that k1 could not point to any slot in the PUCCH cell pattern if it is not an UL slot. 



 
Conclusion
In this contribution, we have made the following proposals:

Proposal 1: PUCCH carriers in a PUCCH group should have the same slot/sub-slot configurations.

Proposal 2: PUCCH carrier switching between carriers of different numerologies to be supported as a UE capability. 
Proposal 3: In the largest Tproc,1 calculation, µUL could be defined as the smallest numerology across all PUCCH cells in the PUCCH group.  

Proposal 4: Type 1 HARQ-ACK codebook construction is based on the k1 set(s) 
· of the PCell / SPCell / PUCCH Scell for semi-static PUCCH cell switching; and
· of the dynamically indicated PUCCH cell for dynamic PUCCH cell switching 

Proposal 5: HARQ-ACK codebook per PUCCH carrier to be supported. 

Proposal 6:  If LP-PUCCH transmission is overlapping with HP-CG-PUSCH, the UE prioritizes the transmission of PUSCH and the gNB needs to re-schedule the PUCCH transmission on different or same carrier. For HP-PUCCH re-use Rel-16 prioritization rules.
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