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Introduction
This contribution discusses maintenance issues for HARQ-ACK reporting enhancements. 

Discussion
After the substantial progress made in the last two meetings, HARQ-ACK reporting enhancements for Rel-7 URLLC are largely complete with only a few pending issues that relate to PUCCH cell switching [1].

1 
2 
PUCCH cell switching for PUCCH repetitions
A first issue is whether/how to support PUCCH repetitions and PUCCH cell switching. The reason for introducing PUCCH cell switching is to reduce latency for operation in TDD bands (most NR bands). For the typical DL-heavy TDD configurations, PUCCH repetitions are problematic not only due to latency but also due to the limitation of HARQ processes. For example, for the DDDDU configuration and 16 HARQ processes, no more than 4 repetitions can be supported if a UE is to be schedulable in every slot. Further, there is a “chicken-and-egg” problem as the HARQ-ACK payload typically needs to be larger in case of PUCCH repetitions (need to provide HARQ-ACK for more DL slots than in case of no repetitions) which in turn requires a larger link budget (more repetitions). 

A recurring proposal has been to support moving PUCCH repetitions from the PCell to the PUCCH-sSCell. Considering that PUCCH cell switching is for inter-band CA and that the PCell is the coverage providing cell, that proposal is rather pointless. For example, based on actual deployments and relative to 700 MHz, coverage is reduced by a factor of ~2.8/4.1/11.1 at 2.0/2.6/3.5 GHz. Basically, regardless of the band of the PCell, it makes no sense to fully move the PUCCH repetitions to the band of the PUCCH-sSCell. Also, because of the higher frequency based on the PUCCH-sSCell, moving some of the repetitions to the PUCCH-sSCell (e.g. in DL slots on the PCell) will not provide a same benefit as if those slots were available on the PCell; nevertheless, for some band combinations, such as 2 GHz and 2.6 GHz, or 2.6 GHz and 3.5 GHz, there can be a non-negligible benefit by having some of repetitions occur on the PUCCH-sSCell (between successive UL slots on the PCell). 

The PUCCH resource on the PUCCH-sSCell is up to the gNB configuration – the same/single PUCCH resource index applies on the PCell and the PUCCH-sSCell. For HARQ-ACK payloads less than 12 bits, the resource on the PCell and the PUCCH-sSCell does not need to be same (number of symbols, or even the PUCCH format); however, that is not a matter for the specifications. HARQ-ACK payloads more than 11 bits can also be supported without specification impact. Although the REs need to be same in order to combine LLRs for polar coding, that is a gNB implementation issue. It is noted that a coverage limited UE is unlikely to be operating with heavy DL CA (e.g. more than 3 cells), or to be scheduled with more than 4 spatial layers (i.e. no need to assume more than one TB per PDSCH), and having HARQ-ACK payloads larger than 11 bits is not a primary use-case (although it may happen if the number of repetitions is relatively large and the UE is frequently scheduled).

One trivial specification impact is that in case of >1 slots on the PUCCH-sSCell overlapping with a slot on the PCell, all slots where the PUCCH can be transmitted using the PUCCH resource on the PUCCH-sSCell are used in order to maximize latency reduction. Other than that, there is no need for other specification impact and there is also no additional impact on the UE/gNB implementation beyond the baseline PUCCH cell switching.

Proposal 1: RRC-based cell switching is supported for repetitions of a PUCCH transmission using a same PUCCH resource on the PCell and PUCCH-sSCell. If more than one slot on the PUCCH-sSCell overlaps with a slot on the PCell, all slots where the PUCCH can be transmitted on the PUCCH-sSCell are used.  


PUCCH cell switching for HARQ-ACK of SPS PDSCH
A second issue is the cell of PUCCH transmissions with HARQ-ACK for the first SPS PDSCH reception and for subsequent SPS PDSCH receptions after activation for a given SPS configuration. It has been agreed that the cell can be indicated by the DCI format performing the activation.

A first option is for the indication by the DCI format to apply only for the first SPS PDSCH reception and then have all PUCCHs with HARQ-ACK for subsequent SPS PDSCH receptions for a SPS configuration be always transmitted on the PCell. A second option is to have the indication by the DCI format apply to all SPS PDSCH receptions for the SPS configuration.

One issue with the first option is that there cannot be a PUCCH with HARQ-ACK for other SPS PDSCHs in an overlapping slot on the PCell. That is generally OK as a reason for indicating the PUCCH-sSCell is that a PUCCH transmission is not possible on the PCell. PUCCH load balancing can be another reason but that is not fulfilled by the first option. Another issue with the first option is the k1 determination on the PCell for the PUCCH with HARQ-ACK for subsequent SPS PDSCH receptions for the SPS configuration. 

One issue with the second option is that, similar to the first option, there cannot be a PUCCH with HARQ-ACK for other SPS PDSCHs in an overlapping slot on the PCell. However, there is no other issue and the second option also allows for PUCCH load balancing.

For the first option, the functionality of indicating a cell for the PUCCH transmission for the HARQ-ACK of only the first SPS PDSCH reception after activation, while all subsequent PUCCH transmissions with HARQ-ACK for subsequent SPS PDSCH receptions are on a predetermined cell (PCell), is rather meaningless. PUCCH load balancing is a feature in favour of the second option and so is the minimization of specification impact. Therefore, the second option is superior. It is also OK to either revert the agreement and not support DCI-based cell switching for SPS PDSCH or to not provide further support for that functionality (Rel-16 operation then results as a gNB will indicate the PCell). 

Proposal 2: For DCI-based PUCCH cell switching, all PUCCH transmissions with HARQ-ACK for SPS PDSCH receptions of a SPS configuration are on the cell indicated by the DCI format activating the SPS PDSCH receptions.  


Conclusions
This contribution considered remaining issues on the maintenance of HARQ-ACK feedback enhancements and proposes the following. 
Proposal 1: RRC-based cell switching is supported for repetitions of a PUCCH transmission using a same PUCCH resource on the PCell and PUCCH-sSCell. If more than one slot on the PUCCH-sSCell overlaps with a slot on the PCell, all slots where the PUCCH can be transmitted on the PUCCH-sSCell are used.  

Proposal 2: For DCI-based PUCCH cell switching, all PUCCH transmissions with HARQ-ACK for SPS PDSCH receptions of a SPS configuration are on the cell indicated by the DCI format activating the SPS PDSCH receptions.  
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