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1. Introduction
In the previous RAN1 meetings, UE feedback enhancements for HARQ-ACK were discussed and the agreements are addressed in [1][2]. In this contribution, we will discuss more aspects about PUCCH carrier switching for HARQ feedback in Rel.17 URLLC.
2. Discussion
The following agreements have been reached in the previous RAN1 meetings about PUCCH carrier switching for HARQ feedback.
	Agreements: 
In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.
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


PUCCH carrier switching was proposed to reduce HARQ-ACK feedback latency with two or more inter-band carriers which have different TDD patterns. Due to PUCCH in another carrier is possible to be available and earlier than the available PUCCH in the current carrier, HARQ-ACK feedback latency could be improved. UCI load balance between the PCell and Scells is also possible to be achieved with PUCCH carrier switching. In addition, HARQ-ACK performance improvements could be expected through channel selection between serving cells. To achieve the target performance requirements of enhanced IoT and URLLC, it is proposed to support PUCCH carrier switching for HARQ feedback.
Proposal 1: Support PUCCH carrier switching for HARQ feedback.
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If PUCCH carrier switching is based on dynamic indication in DCI (Alt. 1), the handling of semi-static PUCCH for SPS HARQ-ACK should be further considered. This was discussed in the previous meeting and Alt.1A was proposed in addition to Alt.1:
· Alt. 1A - PUCCH carrier switching is based dynamic indication in DCI for scheduled PUCCH (as for Alt. 1) and based on certain (semi-static) rules for configured PUCCH (as for Alt. 2B)
With Alt. 1A, both Alt. 1 and Alt. 2B specification efforts are needed. For Alt. 2B, despite SPS HARQ deferral solutions could be much reused, the deferral situation in more cells would be much complex. For example, the selection of PUCCH cell and PUCCH resource are to be specified. The cells for PUCCH transmission could have different SCS and the slot format indication of these cells could be independent. Considering the timeline of Rel.17, it is propose to exclude Alt. 1A for further study.
However, if Alt. 1 is supported, the operation for PUCCH with only SPS HARQ-ACK should be considered. New DCI of dynamic PUCCH switching indication for SPS HARQ-ACK could be considered. Alternatively, it is also possible to trigger a PUSCH dynamically in anther cell for the SPS HARQ-ACK.
Proposal 2: To exclude Alt. 1A for further study.
Proposal 3: For Alt.1, PUCCH switching for SPS HARQ-ACK is achieved by dynamic PUCCH/PUSCH scheduling in another cell.
There are two options to support PUCCH carrier switching with dynamic indication in DCI. One is there are a new bit filed in the DCI to indicate the target cell for PUCCH, the other is the target carrier switching is implicitly indicated through PRI which the PUCCH configuration parameters includes the cell index and one PUCCH resource set could include PUCCH resources from different cells.
· Option 1: new bit field in DCI to indicate the target cell
· Option 2: target cell indication through PRI
Option 1 could provide fully flexible PUCCH configuration for each cell. However, physical layer specification impacts would be introduced. Considering the timeline of Rel.17, it is proposed to use implicit PRI indication of dynamic PUCCH switching in Rel.17. 
Proposal 4: For dynamic PUCCH carrier switching, implicit indication through PRI is used.
With dynamic indication in DCI, fully flexible PUCCH switching could be achieved. When PUCCH switching is performed among cells which are with different SCS, the target (sub-)slot in the target cell is to be determined by the candidate K1 values. To our understanding, the configuration of candidate K1 values should consider the PDSCH processing capability, flexibility of UL multiplexing in the target cell, latency requirements, and etc. As a result, it is proposed to configure independent candidate K1 values for PUCCH cells with different SCSs.
Proposal 5: Configure independent candidate K1 values for different SCSs.
Alt. 2B and Alt. 2C could be considered as semi-static rules for PUCCH carrier switching. 
For Alt. 2B, similar procedures as SPS HARQ-ACK deferral should be checked which includes “when to perform PUCCH switching”, “definition of target cell, target PUCCH”, and etc. Besides, further PUCCH determination after PUCCH switching, possible different SCS among cells, independent slot format of multiple cells, would make additional specification efforts. The flexibility would be restricted with the semi-static rule comparing with Alt. 1 which discounts the benefits achieve by PUCCH carrier switching. To our opinion, PUCCH carrier switching could be based on more consensus in terms of SPS HARQ-ACK deferral. With this assumption, the specification efforts for Alt. 2B are expected to be acceptable.
Proposal 6: Alt. 2B is based on more consensus in terms of SPS HARQ-ACK deferral.
With Alt. 2C, preconfigured time-domain pattern defines the carrier for PUCCH transmission in each slot. The determination of PUCCH carrier and PUCCH resource could be simple comparing with Alt. 2B. Nevertheless, the configuration would introduce implementation complexity for the gNB to guarantee the latency improvements with PUCCH carrier switching.
The three alternatives each has pros and cons at the aspects of specification complexity, PUCCH carrier switching flexibility, target PUCCH determination reliability, SPS HARQ-ACK PUCCH supporting, implementation complexity and etc. To our opinion, Alt. 1 is preferred at this time. For Alt. 2B, more detailed consensus about SPS HARQ-ACK deferral are expected before further discussion.
Proposal 7: Support Alt. 1 at this time.
3. Conclusion
In this contribution, we discussed more aspects about PUCCH carrier switching for HARQ feedback in Rel.17 URLLC. The following proposals are reached:
Proposal 1: Support PUCCH carrier switching for HARQ feedback.
Proposal 2: To exclude Alt. 1A for further study.
Proposal 3: For Alt.1, PUCCH switching for SPS HARQ-ACK is achieved by dynamic PUCCH/PUSCH scheduling in another cell.
Proposal 4: For dynamic PUCCH carrier switching, implicit indication through PRI is used.
Proposal 5: Configure independent candidate K1 values for different SCSs.
Proposal 6: Alt. 2B is based on more consensus in terms of SPS HARQ-ACK deferral.
Proposal 7: Support Alt. 1 at this time.
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