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Introduction
[bookmark: _Hlk53780111]During RAN1 #104-e meeting, RAN1 made following agreements regarding UE HARQ-ACK feedback enhancement for Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) [1]:
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

In this document, we discuss autonomous one-shot HARQ-ACK re-transmission and PUCCH carrier switching to avoid dropping of HARQ-ACK feedback in TDD or in unlicensed spectrum.
Autonomous one-shot HARQ-ACK re-transmission
With dynamic TDD operations in non-paired spectrum and/or operation in unlicensed spectrum, it may be difficult to guarantee uplink regions or channel occupancy for configured SPS PDSCH HARQ-ACK transmission occasions, especially when SPS PDSCH HARQ-ACK feedback occurs very frequently. As another solution approach to SPS HARQ-ACK dropping in TDD or in unlicensed spectrum, potential enhancement of Rel-16 Type-3 HARQ-ACK codebook has been discussed. 
Since Rel-17 URLLC/IIoT will support UE-initiated COT in a semi-static channel access mode, if a UE is configured with configured grant (CG) PUSCH, the UE can autonomously use a CG-PUSCH resource for HARQ-ACK retransmission with Type-3 HARQ-ACK codebook. That is, when a configured PUCCH resource for HARQ-ACK transmission is not available or when a configured PUCCH transmission for HARQ-ACK feedback fails due to listen-before-talk (LBT) operation, the UE may multiplex the corresponding HARQ-ACK information in the next earliest CG-PUSCH (i.e. where the CG-PUSCH starts earlier than the earliest PUCCH resource for the HARQ-ACK feedback, and the UE performs multiplexing even when the CG-PUSCH does not overlap with a PUCCH for HARQ-ACK). The multiplexed HARQ-ACK information is determined based on the maximum allowed time duration of delaying HARQ-ACK feedbacks. The max allowed duration for delaying may be determined based on a latency requirement of a traffic (e.g. specific to an IIoT/URLLC application). A HARQ-ACK report for all HARQ processes may be transmitted in one shot in a CG-PUSCH resource so that there is no ambiguity in terms of HARQ-ACK codebook. For HARQ-ACK codebook size reduction, the UE may further be configured via RRC to include HARQ-ACK information for a subset of HARQ processes and/or a subset of component carriers of a PUCCH group.
Proposal 1:  Support autonomous one-shot HARQ-ACK re-transmission for all or a subset of HARQ processes in a CG-PUSCH resource, where the CG-PUSCH is available in an earlier slot/sub-slot than a slot/sub-slot with the earliest available PUCCH resource for HARQ-ACK. 
PUCCH carrier switching
[bookmark: _Hlk54365499]In order to avoid frequent cancellation of HARQ-ACK transmission under dynamic TDD operation in a cell, a UE can be configured with multiple PUCCH carriers in a PUCCH group. The multiple PUCCH carriers in the PUCCH group can provide more PUCCH transmission opportunities, when dynamic PUCCH carrier switching is enabled. Considering that cancellation of dynamic HARQ-ACK can be avoided based on a dynamic PUCCH resource indication, PUCCH carrier switching is more beneficial for HARQ-ACK feedback consisting of only SPS PDSCH (without a corresponding PDCCH) HARQ-ACK bits. That is, the UE should be able to perform dynamic PUCCH carrier switching without dynamic indication in DCI, in order to enhance HARQ-ACK feedback of SPS PDSCHs of one or more DL SPS configurations in a DL BWP.
Observation 1: Configuring a UE with multiple PUCCH carriers and allowing the UE to dynamically switch across the configured PUCCH carriers can provide the UE with more HARQ-ACK transmission opportunities under dynamic TDD operation.
Observation 2: UE should be able to perform dynamic PUCCH carrier switching without dynamic indication to enhance HARQ-ACK feedback consisting of only SPS PDSCH HARQ-ACK bits.
For a given UCI payload size, a UE may receive information of multiple PUCCH resources, each PUCCH resource associated with each of multiple PUCCH carriers in a PUCCH group. The UE may select a PUCCH carrier from the multiple PUCCH carriers and a corresponding PUCCH resource from the multiple PUCCH resources based on availability of each PUCCH resource of the multiple PUCCH resources and priorities among the configured PUCCH carriers (or PUCCH resource priorities among the configured PUCCH resources). 
In an example, one PUCCH carrier is a TDD carrier including the activated one or more DL SPS configurations, and the other PUCCH carrier is a supplementary uplink carrier (e.g. an uplink carrier of paired spectrum). In another example, all of the configured PUCCH carriers are TDD carriers. A slot format (e.g. an uplink, downlink, or flexible symbols) of a slot could be same or different across the different carriers. If a PUCCH resource for HARQ-ACK feedback is not available on a scheduled slot of a scheduled PUCCH carrier, the UE may choose to transmit HARQ-ACK feedback in one of the configured PUCCH carriers where an uplink symbol(s) for the PUCCH transmission is available at the earliest within the maximum allowed HARQ-ACK feedback delay. 
Proposal 2: Support dynamic PUCCH carrier switching based on semi-static rules (Alt 2B). 
Conclusion
In summary, we observe and propose the followings for enhancements to SPS PDSCH HARQ-ACK feedback in Rel-17 URLLC/IIoT:
Proposal 1:  Support autonomous one-shot HARQ-ACK re-transmission for all or a subset of HARQ processes in a CG-PUSCH resource, where the CG-PUSCH is available in an earlier slot/sub-slot than a slot/sub-slot with the earliest available PUCCH resource for HARQ-ACK. 
Observation 1: Configuring a UE with multiple PUCCH carriers and allowing the UE to dynamically switch across the configured PUCCH carriers can provide the UE with more HARQ-ACK transmission opportunities under dynamic TDD operation.
Observation 2: UE should be able to perform dynamic PUCCH carrier switching without dynamic indication to enhance HARQ-ACK feedback consisting of only SPS PDSCH HARQ-ACK bits.
Proposal 2: Support dynamic PUCCH carrier switching based on semi-static rules (Alt 2B). 
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