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Introduction
During the last RAN1 meetings, HARQ-ACK enhancements for IIoT and URLLC were discussed extensively and the agreements related to retransmission of HARQ and PUCCH switching are captured in the Appendix. In this contribution, we discuss how to enable retransmission of a dropped HARQ-ACK feedback and PUCCH carrier switching for HARQ-ACK.  
Discussion
Retransmission of cancelled HARQ
In NR Rel-16, prioritization mechanisms were introduced to support intra-UE multiplexing. Two HARQ-ACK codebooks for two different priorities are built simultaneously by the UE. In case of overlapping between low priority and high priority transmissions, the UE drops the transmission of HARQ-ACK codebook associated with low priority transmission. To avoid unnecessary TB retransmission(s) from the gNB side due to lack of HARQ information, it was agreed in the RAN1#102-e meeting to further study mechanisms to support retransmission of a cancelled HARQ-ACK feedback. Type 3 HARQ codebook can be re-used to send the dropped HARQ. As a starting point, type 3 HARQ CB can carry all the configured HARQ processes regardless of the priority associated with the scheduled HARQ-ACK processes. 
Proposal 1:  The UE can retransmit a cancelled HARQ using Type 3 HARQ CB.

One option to enhance the one-shot HARQ feedback is to support different priority for HARQ CB Type 3. The enhanced HARQ CB type 3 can carry ACK/NACK bits belonging to the same priority. To avoid having different HARQ codebook size assumption between the gNB and the UE due to DCI misdetection, the per-priority Type 3 HARQ can have a pre-configured size. For example, gNB can configure the UE using RRC signalling with the HARQ codebook size corresponding to each per-priority HARQ codebook. 
Proposal 2:  Support enhanced Type 3 HARQ CB containing the same priority ACK/NACK feedback.

The UE can be requested to only transmit Type 3 HARQ codebook of the same priority. For example, the UE can transmit only ACKs/NACKs corresponding to low priority PDSCH transmission. To enable that, a bitfield in the DCI can be used to indicate for which priority HARQ-ACK feedbacks is requested. NR Rel-16 supports a non-scheduling DCI to trigger Type 3 HARQ codebook. The unused DCI bitfields of the non-scheduling DCI can be used to indicate the priority of the Type 3 HARQ CB.
Proposal 3:  The DCI triggering enhanced Type 3 CB can indicate the priority of the Type 3 HARQ CB.

PUCCH carrier switching for HARQ feedback
In TDD mode, the UE can suffer from additional latency due to unavailable UL opportunity to transmit HARQ-ACK feedback in the configured PUCCH group. Switching to a different PUCCH carrier with available UL opportunity to transmit the HARQ-ACK feedback can reduce the latency in IIoT/URLLC type of service and help meet the target performance. During the last RAN1 meetings, different options were discussed and were captured in the agreements. First alternative is to support dynamic switching of the PUCCH carrier. This option enables the scheduler to use the available PUCCH carrier in a dynamic and flexible manner. The drawback of this option is that in case the UE misdetects the DCI switching the PUCCH carrier, the gNB needs to blind detect over two carriers to determine which PUCCH carrier was used by the UE. To solve that issue, the UE can have some restriction to when to apply the PUCCH carrier switching. For example, all the DCIs scheduling PDSCHs with A/Ns in a same HARQ-ACK codebook should indicate the same PUCCH carrier. With this solution, if the UE is transmitting a HARQ-ACK codebook, the gNB and the UE will have the same assumption about the PUCCH carrier. Second alternative is to have PUCCH carrier switching based on semi-static rules. The drawback of this option is that it will not enable a flexible and a dynamic way to change the PUCCH carrier. Semi-static rules can be supported as an additional restriction/condition to the dynamic indication so that the scheduler can benefit from the available PUCCH carrier depending on the scenario while ensuring that the UE and the gNB have the same assumption about the PUCCH carrier. The third alternative is having an RRC configuration of a timing pattern of applicable PUCCH carriers. While this option allows to distribute the PUCCH occasions over different cells, it is still not allowing a flexible way to adjust the PUCCH carrier depending on the load and/or the TDD configuration. The semi-static configuration can result in invalid UL opportunities on both PUCCH carriers at the transmission time of HARQ-ACK codebook.
Proposal 4:  The PUCCH carrier switching is based on dynamic indication using the scheduling DCI.

Conclusion
In this contribution we propose the following:

Proposal 1:  The UE can retransmit a cancelled HARQ using Type 3 HARQ CB.
Proposal 2:  Support enhanced Type 3 HARQ CB containing the same priority ACK/NACK feedback.
Proposal 3:  The DCI triggering enhanced Type 3 CB can indicate the priority of the Type 3 HARQ CB.
Proposal 4:  The PUCCH carrier switching is based on dynamic indication using the scheduling DCI.
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From RAN1#104e meeting:
	Agreements: For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study



From RAN1#102e meeting:
	
Agreements:
Study further at least the following schemes:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback
Companies are encouraged to provide detailed analysis and comparison accordingly
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