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Introduction
In the RAN1#106b-e meeting, several agreements were made for HARQ feedback enhancements [2]. In this contribution, we discuss the retransmission of cancelled HARQ as well as PUCCH carrier switching for HARQ-ACK. 
Discussion
Retransmission of cancelled HARQ 
Enhanced Type 3 HARQ-ACK codebook with smaller size:
It was agreed during the RAN1#106b-e meeting, that the maximum number of configurable enhanced Type 3 CB can be up to 8 depending on the signalled UE capability. Furthermore, the legacy 1-bit of the Rel-16 one-shot HARQ-ACK request is re-used for triggering indication:

	Agreement
The maximum number of simultaneously configurable enhanced Type 3 CB is indicated by the UE through UE capability signaling from the set of {1, 2, 4, 8}.

Agreement
Reuse the legacy 1-bit ‘one-shot HARQ-ACK request’ for triggering indication of the enhanced Type 3 HARQ-ACK CB of smaller size. 
· At least if only a single enhanced Type 3 HARQ-ACK CB is configured, the triggering DCI with the triggering bit set to ‘1’ is also able to schedule PDSCH.



When more than one enhanced Type 3 CB is configured, the issue is whether to enable the triggering DCI to schedule a PDSCH or not. Any solution that requires adding additional bits should be avoided in order to keep the DCI payload small. There were two alternatives identified during the last meeting that do not require additional bits. With Alt.1, when more than one enhanced Type 3 HARQ CB is configured, the DCI cannot schedule PDSCH. This solution is restricting the scheduler by taking the scheduling possibility from the DCI. Alt.2 support scheduling PDSCH using the triggering DCI without adding additional bits by restricting the PDSCH scheduling capability to the first configured enhanced Type 3 HARQ CB. If the DCI triggering bitfield is set to 1, the UE determines that PDSCH is being scheduled if FRDA indicates a valid allocation. If the FDRA bitfield indicates invalid allocation, the un-used bitfield can be used to indicate which enhanced Type 3 HARQ CB is requested. Even with some scheduling limitation, this solution is offering more flexibility and thus it is preferred. 

Proposal 1:  For the case of more than one configured enhanced Type 3 CB, the triggering DCI can schedule a PDSCH:
· If PDSCH is being scheduled, the DCI triggers the first enhanced Type 3 HARQ-ACK codebook
· If PDSCH is not scheduled, some unused DCI field in the triggering DCI is used to indicate which enhanced Type 3 HARQ-ACK codebook is triggered 
Rel-17 one-shot triggering for HARQ re-transmission:
Similar to enhanced Type 3 HARQ CB, it is desirable to keep the DCI size small and use a single bit in the DCI to trigger the retransmission of dropped HARQ. The legacy 1-bit to trigger Type 3 HARQ CB can be re-used here as well. Regarding the ability of scheduling PDSCH while triggering the HARQ CB retransmission, the mechanism proposed for the case of more than one configured enhanced Type 3 HARQ CB can be used i.e., the possibility of PDSCH scheduling while triggering HARQ retransmission is limited to triggering retransmission of only one HARQ codebook. When the triggering bitfield in the DCI is set to 1, the UE determines if the FDRA field is indicating a valid resource allocation. If the FDRA indicates a valid resource allocation, the UE will retransmit only one HARQ CB. Such HARQ CB could be the last dropped HARQ CB. If the FDRA indicates invalid resource allocation, some of the un-used bitfield can be re-used to indicate the PUCCH slot/sub-slot of the HARQ ACK codebook to be retransmitted i.e., HARQ_retx_offset.
Proposal 2:  The legacy 1-bit of HARQ CB Type 3 request is used for triggering indication of one-shot HARQ re-transmission:
· If PDSCH is being scheduled, the DCI triggers the retransmission of last dropped HARQ-ACK codebook.
· If PDSCH is not scheduled, some unused DCI field in the triggering DCI is used to indicate HARQ_retx_offset.
Simultaneous configuration of one-shot HARQ retransmission and enhanced Type 3 CB:
Both one-shot HARQ retransmission and enhanced Type 3 CB can serve the same purpose: retransmission of a cancelled/dropped HARQ-ACK codebook. In fact, the main motivation of supporting enhanced Type 3 HARQ CB was to enable the retransmission of a cancelled HARQ feedback while avoiding having the UE transmitting the HARQ-ACK feedback of all HARQ processes of a CC (as in Rel-16 Type 3 HARQ CB). 
Proposal 3:  Simultaneous configuration of enhanced Type 3 HARQ codebook and one-shot HARQ retransmission is not supported.

PUCCH carrier switching for SPS HARQ-ACK 
With the SPS HARQ-ACK deferral, if the SPS HARQ-ACK is not transmitted due to invalid PUCCH opportunity, the UE defers the transmission of HARQ-ACK to a next PUCCH opportunity subject to a maximum deferral duration per SPS config. With the support of PUCCH carrier switching, the UE can operate jointly PUCCH carrier switching and SPS HARQ deferral. For example, when SPS HARQ deferral occurs, the UE selects the PUCCH carrier to transmits the deferred HARQ-ACK on the next valid PUCCH resource and according to the semi-static time pattern configuration of PUCCH carrier to transmit the HARQ feedback. This can allow the UE to transmit the SPS HARQ-ACK feedback with reduced latency.
Proposal 4:  Joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching is supported. 

Conclusion
In this contribution we propose the following:
Proposal 1:  For the case of more than one configured enhanced Type 3 CB, the triggering DCI can schedule a PDSCH:
· If PDSCH is being scheduled, the DCI triggers the first enhanced Type 3 HARQ-ACK codebook
· If PDSCH is not scheduled, some unused DCI field in the triggering DCI is used to indicate which enhanced Type 3 HARQ-ACK codebook is triggered 
Proposal 2:  The legacy 1-bit of HARQ CB Type 3 request is used for triggering indication of one-shot HARQ re-transmission:
· If PDSCH is being scheduled, the DCI triggers the retransmission of last dropped HARQ-ACK codebook.
· If PDSCH is not scheduled, some unused DCI field in the triggering DCI is used to indicate HARQ_retx_offset.
Proposal 3:  Simultaneous configuration of enhanced Type 3 HARQ codebook and one-shot HARQ retransmission is not supported.
Proposal 4:  Joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching is supported. 
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