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Introduction
In the last e-meeting, following agreement was made [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 contribution, we discuss and provide our views on UE feedback enhancements for HARQ-ACK to support URLLC, in terms of dynamic PUCCH carrier switching and enhanced type-3 HARQ-ACK codebook.

Discussion
Dynamic PUCCH carrier switching
In the previous meeting, dynamic PUCCH carrier switching has been discussed. The main concept of dynamic PUCCH carrier switching is for UE to use PUCCH carrier adaptively, considering TDD pattern of primary cell. Thus, the beneficial point requires different TDD pattern among different CCs configured to UE.
In our point of view, the benefit seems clear, however, the use case is limited, for example, to the case of inter-band CA belonging to a single PUCCH group. Considering other issues in this agenda and required efforts, the trade-off between benefit and efforts should be considered. 
If there is a consensus that it is necessary to support dynamic PUCCH carrier switching, it is desirable to have minimal specification impact. In this sense, Alternative 1 in the last meeting can be preferred. It requires only one additional DCI field (which is recommended for minimal spec impact and using PUCCH resource set in switched cell). If DCI indicates different PUCCH carrier for a HARQ-ACK PUCCH, it would be natural to multiplexing overlapping PUCCHs with the HARQ-ACK PUCCH in the indicated carrier. 

Proposal 1: If there is a consensus that dynamic PUCCH carrier switching is necessary, PUCCH carrier switching based on dynamic indication in DCI can be supported
· To indicate switched carrier, a DCI field is added to DL scheduling DCI.
· If there are overlapping PUCCHs with the PUCCH indicated with carrier indication, overlapping PUCCHs are multiplexed and transmitted in switched PUCCH carrier by the indication. 

For semi-static HARQ-ACK PUCCH like SPS HARQ-ACK, it seems not essential to apply dynamic PUCCH carrier switching. It is still possible to schedule dynamic HARQ-ACK PUCCH for saving SPS HARQ-ACK PUCCH occasion, and there is another solution for dropped SPS HARQ-ACK by TDD operation; SPS HARQ-ACK deferral procedure.  
Proposal 2: For HARQ-ACK PUCCH for SPS PDSCH itself, dynamic PUCCH carrier switching is not supported. 
· Carrier indication in activation DCI is ignored for SPS PDSCH without corresponding DCI

Alternative 2B and 2C can be applied to not only any kind of HARQ-ACK PUCCH but also other UCI transmission. However, it doesn’t provide any controllability and adaptability. Thus, it means we should specify all possible cases of UE behavior, such as handling between PUCCH carrier switching and SPS HARQ-ACK deferral. It would cause amount of spin-off discussions. 
In the last meeting, there was a concern on different SCS between source carrier and target carrier. First of all, it should be avoided to transmit two PUCCH for HARQ-ACK from different carrier in a slot in the switched PUCCH carrier. To prevent the case, it can be considered to limit PUCCH carrier switching to a carrier having same or higher subcarrier spacing. 
Proposal 3: For dynamic PUCCH carrier switching from source carrier to target carrier, target carrier should be same or higher SCS than of source carrier. 

Enhanced type-3 HARQ-ACK codebook for HARQ-ACK re-transmission
In the last meeting, it has been discussed whether to support enhanced type-3 HARQ-ACK codebook as a method for re-transmission of cancelled HARQ-ACK transmission. There was considerable number of companies supporting enhanced type-3 codebook but the discussion couldn’t reach a consensus yet. 
The main issue is whether/how to enhance type-3 HARQ-ACK codebook. This is the definition of enhanced type 3 codebook in the latest proposal.
	Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration, activation 
· This may include dynamic DCI indication of triggering one of M applicable enhanced Type 3 CBs (combination of RRC configuration and DCI indication, e.g. different subset of cells / HARQ processes, SPS HARQ only, …)
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)



Under the definition, we can see some aspects of enhancement on type-3 HARQ-ACK codebook. First of all, it has to be considered how to construct HARQ-ACK codebook. After that, we may be able to discuss how to trigger that HARQ-ACK codebook and other potential issues such as priority handling. 
As an enhancement, we can consider to reduce HARQ-ACK payload size for higher reliability. For example, UE may be triggered with a set of HARQ process (among all HARQ processes) for type-3 HARQ-ACK codebook, and candidate sets of HARQ processes may be configured by RRC. By configuring multiple sets of HARQ processes, gNB can adjust HARQ-ACK payload size according to dropped PDSCH scheduling.
On the other hand, enhanced type-3 HARQ-ACK codebook can be applied for dropped SPS HARQ-ACK transmission as complementary solution of SPS HARQ-ACK deferral. For this, enhanced type-3 HARQ-ACK codebook can be constructed only with HARQ processes used for SPS PDSCH.
From above consideration, we would like to propose following.
Proposal 4: Support enhanced type-3 HARQ-ACK codebook with reduced HARQ-ACK payload size for re-transmission of cancelled HARQ-ACK if necessary.
Proposal 5: For construction of the enhanced type-3 HARQ-ACK codebook with reduced HARQ-ACK payload size, following options can be considered:
· Option 1: type-3 HARQ-ACK codebook with subset of entire HARQ processes. 
· Multiple subset of HARQ processes can be configured by RRC signaling.
· A subset of HARQ processes can be indicated in a DCI triggering type-3 HARQ-ACK codebook for HARQ-ACK codebook construction. 
· Option 2: type-3 HARQ-ACK codebook with HARQ processes used in SPS PDSCH reception.

Considering above, new triggering methods may be necessary at least for distinguish enhanced HARQ-ACK codebook from existing one. As a baseline of triggering type-3 HARQ-ACK CB, current framework can be considered. Therefore, new triggering methods would be an extension of DCI field of One-shot HARQ-ACK request field.
For Option 1, it is possible to configure entire HARQ process as a subset of HARQ processes. Therefore, Option 1 could be a superset of existing type-3 HARQ-ACK CB. With indication of HARQ process subsets, gNB is able to choose between enhanced type-3 CB and existing type-3 CB. 
For Option 2, enhanced type-3 CB can be distinguished by RNTI scrambling CRC. For example, CS-RNTI can be used for type-3 HARQ-ACK CB for SPS PDSCH.
Proposal 6: For triggering method enhanced type-3 HARQ-ACK codebook with reduced HARQ-ACK payload size, following options can be considered on the top of current framework. :
· Option 1: triggering DCI indicates a subset of HARQ processes for the HARQ-ACK codebook. Existing DCI field (e.g., One-shot HARQ-ACK request field) can be re-used or extended for indicating a subset of HARQ process. 
· Option 2: RNTI scrambling CRC of DCI format can indicates how to construct type-3 HARQ-ACK codebook. 

In the previous meetings, it has been discussed how to handle priority indication in a DCI format triggering type-3 HARQ-ACK codebook. Considering that HARQ processes are independent from priorities, it seems not necessary to consider priority at least for dynamic PDSCH. 
On the other hand, each SPS configuration has own priority index and corresponding HARQ process indexes. Thus, UE can distinguish HARQ process for high priority SPS PDSCH and low priority SPS PDSCH without any ambiguity. By doing so, HARQ-ACK payload size can be reduced further and protect HARQ-ACK for  high priority SPS PDSCH from uplink collision.
Proposal 7: For type-3 HARQ-ACK codebook only for SPS PDSCH, priority handling can be considered. 

Conclusions
In this contribution, potential UE feedback enhancements on HARQ-ACK for URLLC were discussed, and the followings are proposed.
Proposal 1: If there is a consensus that dynamic PUCCH carrier switching is necessary, PUCCH carrier switching based on dynamic indication in DCI can be supported
· To indicate switched carrier, a DCI field is added to DL scheduling DCI.
· If there are overlapping PUCCHs with the PUCCH indicated with carrier indication, overlapping PUCCHs are multiplexed and transmitted in switched PUCCH carrier by the indication. 

Proposal 2: For HARQ-ACK PUCCH for SPS PDSCH itself, dynamic PUCCH carrier switching is not supported. 
· Carrier indication in activation DCI is ignored for SPS PDSCH without corresponding DCI

Proposal 3: For dynamic PUCCH carrier switching from source carrier to target carrier, target carrier should be same or higher SCS than of source carrier. 

Proposal 4: Support enhanced type-3 HARQ-ACK codebook with reduced HARQ-ACK payload size for re-transmission of cancelled HARQ-ACK if necessary.

Proposal 5: For construction of the enhanced type-3 HARQ-ACK codebook with reduced HARQ-ACK payload size, following options can be considered:
· Option 1: type-3 HARQ-ACK codebook with subset of entire HARQ processes. 
· Multiple subset of HARQ processes can be configured by RRC signaling.
· A subset of HARQ processes can be indicated in a DCI triggering type-3 HARQ-ACK codebook for HARQ-ACK codebook construction. 
· Option 2: type-3 HARQ-ACK codebook with HARQ processes used in SPS PDSCH reception.

Proposal 6: For triggering method enhanced type-3 HARQ-ACK codebook with reduced HARQ-ACK payload size, following options can be considered on the top of current framework. :
· Option 1: triggering DCI indicates a subset of HARQ processes for the HARQ-ACK codebook. Existing DCI field (e.g., One-shot HARQ-ACK request field) can be re-used or extended for indicating a subset of HARQ process. 
· Option 2: RNTI scrambling CRC of DCI format can indicates how to construct type-3 HARQ-ACK codebook. 

Proposal 7: For type-3 HARQ-ACK codebook only for SPS PDSCH, priority handling can be considered. 
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