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Introduction
In this contribution, we discuss and provide our views on UE feedback enhancements for HARQ-ACK to support URLLC, including SPS HARQ-ACK deferral, retransmission of HARQ-ACK feedback, and dynamic PUCCH carrier switching. 

Discussion
Avoiding SPS HARQ-ACK dropping 
In the last e-meeting, following agreement was made [1]:
	Agreement
The SPS HARQ-ACK deferral is enabled per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations enabled for deferral is in principle subject to deferral

Agreement 
For SPS HARQ-ACK deferral, the maximum deferral value in terms of k1+k1def is RRC configured per SPS configuration.
Agreement
For SPS HARQ-ACK deferral, only SPS HARQ bits subject to deferral from HARQ-ACK codebook from an initial PUCCH slot are deferred to the target PUCCH slot
Agreement 
For SPS HARQ-ACK deferral, deferred SPS HARQ bits from more than one ‘initial PUCCH slot’ can be jointly deferred to a target PUCCH slot 
Agreement
For SPS HARQ-ACK deferral, in the target PUCCH slot the deferred SPS HARQ-ACK bits are appended to the initial HARQ bits / Type 1 or Type 2 codebook.



Though the great progress on SPS HARQ-ACK deferral procedure, there are still things to be decided. From the list of issues summarized by moderator, handling of PUCCH repetition needs to be discussed. 
First of all, PUCCH repetition can be enabled per PUCCH format in Rel-16. PUCCH with repetition use consecutive slots, which are available for the PUCCH transmission. Thus, if PUCCH repetition is enabled in initial slots, deferral cannot be triggered. 
Observation: if PUCCH resource in a slot has repetition factor larger than 1, no HARQ-ACK deferral is triggered. 
If target PUCCH of SPS HARQ-ACK deferral is repeated over multiple (consecutive) slots, it would be necessary to discuss how to apply maximum deferral. Since repetitions of target PUCCH also can postpone to other available slot, it would be good to define deferral boundary for repetition case. Considering that current maximum deferral value is configured for single PUCCH, it could be considered to add the number of repetition to maximum deferral value. This approach would allow to have equivalent maximum deferral range to single PUCCH case.
Proposal #1: for target PUCCH with K repetition in the target slot, maximum deferral value can be increased by K

Now RRC parameter for maximum deferral value are a unique parameter for SPS HARQ-ACK deferral. Thus, it would be simple to determine whether SPS HARQ-ACK deferral is enabled by presence of RRC parameter for maximum deferral value. 
Proposal #2: SPS HARQ-ACK deferral for a SPS configuration is enabled by configuring maximum deferral value in the SPS configuration. 

Another issue would be multiple SPS configuration case. When UE is configured with multiple SPS configurations and HARQ-ACK deferral is enabled for the SPS configurations, following two scenarios should be considered. 
· Scenario 1: SPS HARQ-ACKs for multiple SPS configurations are to be deferred. 
· Scenario 2: multiple SPS HARQ-ACKs in different slots are deferred to a same target slot. 
For scenario 1, there would be the case that SPS HARQ-ACK deferral is enabled to only part of the SPS configurations. In that case, it is necessary to discuss whether entire HARQ-ACK codebook is deferred or a part of HARQ-ACK bits corresponding to the SPS configurations is deferred. 
Proposal #3: It is necessary to discuss whether entire HARQ-ACK codebook is deferred or a part of HARQ-ACK bits corresponding to multiple SPS configurations is deferred when SPS HARQ-ACK deferral is enabled for only part of the SPS configurations for a PUCCH. 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                
For scenario 2, it is necessary to define UL multiplexing among the deferred HARQ codebooks. Considering the previous agreement, it would be simple to append multiple SPS HARQ-ACK codebooks to the initial HARQ-ACK bits (originally to be transmitted in target slot) according to UL slot index of initial slots for each deferred SPS HARQ-ACK codebook. 
Proposal #4: when multiple SPS HARQ-ACKs in different slots are deferred to a same target slot, deferred SPS HARQ-ACK codebooks are appended to the initial HARQ-ACK bits (originally to be transmitted in target slot) according to UL slot index of initial slots for each deferred SPS HARQ-ACK codebook.

In case of scenario 2, there would be a problem to determine target PUCCH for validation of target slot. According to current agreement, target PUCCH determination is performed for each deferred PUCCH. If multiple PUCCHs are deferred, the result of deferring could be different up to processing order of the deferred PUCCHs. In order to remove ambiguity, UE would assume that no other deferred PUCCH exists for target PUCCH determination.
Proposal #5: for determination of target PUCCH to validate target slot for a deferred PUCCH, UE assume no other deferred PUCCH exists. 

For joint operation with PUCCH carrier switching, it is necessary to define the processing order between PUCCH carrier switching and SPS HARQ-ACK deferral and to decide which cells are used for the HARQ-ACK deferral procedure. 
Since UE may avoid invalid slot for PUCCH transmission by PUCCH carrier switching, it would be reasonable to try PUCCH carrier switching first. Up to the configured PUCCH carrier switching pattern, UE may encounter invalid slot again. In that case, the UE can try HARQ-ACK deferral procedure in one of following ways.
· Alternative 1: UE performs HARQ-ACK deferral in the switched carrier.
· Alternative 2: UE performs HARQ-ACK deferral in the original carrier and would try PUCCH carrier switching again. 
· Alternative 3: UE performs HARQ-ACK deferral according to PUCCH carrier switching pattern. 
Proposal #6: For joint operation between HARQ-ACK deferral and PUCCH carrier switching, UE should try PUCCH carrier switching first prior to SPS HARQ-ACK deferral procedure. 
· FFS: the case where UL slot in the switched carrier is invalid for SPS HARQ-ACK PUCCH. 

For joint operation with One-shot HARQ-ACK re-transmission, it is necessary to discuss how One-shot HARQ-ACK re-transmission treats the deferred SPS HARQ-ACK PUCCH in initial slot and target slot. 
For the UE configured to use SPS HARQ-ACK deferral and One-shot HARQ-ACK re-transmission, it is possible for gNB to trigger One-shot HARQ-ACK feedback to re-transmit cancelled and deferred SPS HARQ-ACK. There could be two UE behaviors for the case. 
· Option 1: UE regards that deferred SPS HARQ-ACK doesn’t exist in the slot subject to One-shot HARQ-ACK triggering since the PUCCH is deferred to another slot. 
· Option 2: UE assumes no SPS HARQ-ACK deferral for One-shot HARQ-ACK re-transmission. In other words, UE would re-transmit the SPS HARQ-ACK regardless of whether SPS HARQ-ACK deferral is performed or not. 
Similar issue can occur when gNB triggers One-shot HARQ-ACK feedback to re-transmit PUCCH in a slot and SPS HARQ-ACK is deferred to the slot. There could be another two UE behaviors for the case.
· Option 1: UE regards that deferred SPS HARQ-ACK exists in the slot. One-shot HARQ-ACK retransmission would carry both initial HARQ-ACK (originally to be transmitted in the slot) and deferred SPS HARQ-ACK.  
· Option 2: UE assumes no SPS HARQ-ACK deferral for One-shot HARQ-ACK re-transmission. In other words, UE would re-transmit only the initial HARQ-ACK in this case.
Considering potential DCI missing by UE, Option 1 could make ambiguity between UE and gNB. For this reason, it is proposed to adopt Option 2 for both cases. 
Proposal #7: For joint operation between SPS HARQ-ACK deferral and One-shot HARQ-ACK re-transmission, UE assume no SPS HARQ-ACK deferral for One-shot HARQ-ACK re-transmission. In other words, UE performs One-shot HARQ-ACK re-transmission as if no SPS HARQ-ACK deferral occurs.

Re-transmission of HARQ-ACK
In the last meeting, following agreement was made for re-transmission of HARQ-ACK:
	Agreement 
Confirm the following RAN1#105-e working assumption:
For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities


Main issue on the re-transmission of HARQ-ACK would be the triggering method for both Type-3 HARQ-ACK codebook and One-shot HARQ-ACK feedback. In order to support both features simultaneously with less DCI overhead, it can be considered to introduce unified triggering method for both features. 
For example, two DCI fields can be introduced. The first DCI field can indicate which scheme is used between Type-3 codebook and One-shot feedback. The second DCI field can be interpreted differently according to the first DCI field. If the first DCI field indicates Type-3 HARQ-ACK codebook, the second DCI field would indicate a sort of candidate Type-3 codebooks, for example, Rel-16 legacy Type-3 codebook or enhanced Type-3 codebook #1 or enhanced Type-3 codebook #2. If the first DCI field indicate One-shot HARQ-ACK re-transmission, the second DCI field would indicate the slot offset to determine the PUCCH occasion to be retransmitted. 
Proposal #8: unified triggering method for both Type-3 HARQ-ACK codebook and One-shot HARQ-ACK re-transmission can be supported.

In the previous meetings, it has been discussed to support new codebook types for enhanced Type-3 codebook. Currently two codebook types has been agreed for enhanced Type-3 codebook, including subset of HARQ processes and subset of configured CCs. In our view, those two codebook types would be sufficient at least to support URLLC, as gNB can manage different services with multiple enhanced Type-3 codebooks by using separated HARQ process pools.
Proposal #9: No additional codebook types is necessary for enhanced Type-3 codebook. 

For One-shot HARQ-ACK re-transmission, it is necessary to define how to indicate the HARQ-ACK codebook(s)/PUCCH occasions to be re-transmitted via DCI. Since there is only one HARQ-ACK PUCCH in a (sub-)slot, it would be reasonable to indicate a slot where HARQ-ACK PUCCH to be re-transmitted is. 
Thus, for One-shot HARQ-ACK re-transmission, it can be considered to introduce DCI field to indicate slot offset from the reference slot (corresponding to slot offset = 0) to the slot with HARQ-ACK PUCCH to be re-transmitted. To define the reference slot, following can be considered.
· Option 1: PDCCH resource used for triggering One-shot HARQ-ACK re-transmission
· Option 2: PUCCH resource scheduled by the DCI triggering One-shot HARQ-ACK
· Option 3: PDSCH resource scheduled by the DCI triggering One-shot HARQ-ACK
In our view, it would be better to use UL (PUCCH) resource as the reference since the slot offset can be applied directly without considering different SCS between UL and DL. 
Proposal #10: Slot offset indicator is introduced for One-shot HARQ-ACK re-transmission. 
· The PUCCH resource scheduled by triggering DCI is the reference to indicate the slot offset. 
· The unit of the slot offset is according to slot length (SCS) configuration for the PUCCH.

From the RRC parameter discussion in the last meeting, it has been discussed how to configure NDI/CBG for enhanced Type-3 codebook. In our view, there could be three alternatives.
· Alternative 1: a pair of parameters for NDI/CBG configuration is commonly used for all Type-3 codebooks, including legacy Type-3 codebook and all enhanced Type-3 codebook.  
· Alternative 2: a pair of parameters for NDI/CBG configuration is separately configured between enhanced Type-3 HARQ-ACK codebooks and legacy Type-3 codebook. 
· Alternative 3: a pair of parameters for NDI/CBG configuration is separately configured for each enhanced Type-3 HARQ-ACK codebook. 
We see Alternative 3 is most flexible than other alternatives, thus we propose the following.
Proposal #11: Introduce additional RRC parameters to configure NDI reporting and CBG-level HARQ-ACK information per each of enhanced Type-3 codebooks.

PUCCH carrier switching
For PUCCH carrier switching, the fundamental issue would be SUL handling. There are four possible cases under consideration with Case 2-1, Case 2-2, and Case 3 involving SUL:
· Case 1: PUCCH carrier switching among different cells not being configured with SUL.
· Case 2-1: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For the cells having SUL configured, PUCCH is only configured either for NUL or SUL.
· Case 2-2: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For cells having SUL configured, PUCCH may be configured for NUL carrier, SUL carrier or both.
· Case 3: PUCCH carrier switching for a single cell configured with SUL and having PUCCH configured for NUL and SUL.

For Case 1 and 2-1, those cases only require to indicate a cell to switch PUCCH transmission. Meanwhile, Case 2-2 require mutual indication of cell and its carrier, and Case 3 requires only to indicate carrier to switch PUCCH transmission within a given cell. In our view, it would be desirable to minimize the complexity of UE behavior and carrier switching function in order to complete this feature in limited time.
Proposal #12: Prioritize Case 1 and 2-1 and deprioritize (or do not pursue) Case 2-2 for PUCCH carrier switching.

For semi-static PUCCH carrier pattern, it would be better to discuss what the pattern consists of. It is beneficial to have multiple PUCCH cell candidates for each period, and it would allow for UE to choose PUCCH cell. It could give a lot of flexibility for UE to choose PUCCH resource, since different PUCCH resource set can be configured in different PUCCH cells. 
After that, most important thing is to define how to count K1 offset and how to determine PUCCH resource in the target cell. 
Different from dynamic PUCCH carrier indication, semi-static PUCCH carrier switching is triggered by invalidity of scheduled PUCCH resource. If K1 is counted as the number of slots in target PUCCH cell, which could have different SCS, then the distance between PDSCH and PUCCH resource can be changed a lot (e.g., doubled or halved). Therefore, it is reasonable to count K1 as the number of slots in a reference cell (i.e., primary cell).
Proposal #13: For PUCCH carrier switching based on semi-static pattern, the PDSCH to HARQ-ACK offset k1 can be interpreted based on the numerology of a reference cell (i.e., primary cell).
After determining a slot in the reference cell corresponding to the indicated K1 value, there could be the case where the slot in the reference cell (corresponding to K1) overlaps with multiple slots in the switched carrier due to different SCS between the two cells. In order to determine the slot used for PUCCH transmission in the switched carrier, the first (or last) slot in the switched carrier overlapped with the slot in the reference cell can be considered for PUCCH transmission. 
Proposal #14: For PUCCH carrier switching based on semi-static pattern, in case when the slot in the reference cell corresponding to K1 overlaps with multiple slots in the switched carrier due to different SCS, the first overlapping slot in the switched carrier is determined to be used for PUCCH transmission in the switched carrier. 

As describes above, for PUCCH carrier switching, it is an issue how to determine PUCCH resource and HARQ-ACK timing in case where PUCCH carrier is switched based on semi-static pattern. To refer PUCCH resource sets and the set of HARQ-ACK timing values and to determine slot length for the HARQ-ACK timing, primary cell (Pcell) has been considered as reference cell for those purpose as proposed. Meanwhile, the cell having lowest SCS also can be considered to alleviate the issues coming from different SCS between original carrier and switched carrier. For flexibility, we propose the following:
Proposal #15: It can be supported to configure a reference cell to determine HARQ-ACK timing in case with semi-static PUCCH carrier switching pattern.

In the previous meeting, it has been agreed to support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH. 
For dynamic indication method, it can be considered to add an additional DCI field to the DCI format or to re-use PRI field to indicate switched carrier. However, it is questionable to use extended PRI field for this purpose. Changing maximum number of PRI bits could make redundant specification effort to maintain PUCCH flexibility. Considering limited time, we think it is not efficient to discuss this kind of issues. 
Proposal #16: Use 3-bit PRI field or adopt dedicated DCI field to indicate switched carrier for PUCCH transmission.

In the last meeting, it was common understanding that semi-static PUCCH carrier switching pattern would require reference cell/SCS to determine HARQ-ACK timing. On the other hands, dynamic PUCCH carrier switching would use switched carrier’s configuration for HARQ-ACK timing indication and PUCCH resource determination. If UE is configured to use both dynamic PUCCH carrier switching and semi-static carrier switching, it is necessary to discuss how to consider those differences in the perspective of HARQ-ACK (e.g. Type-1) codebook construction. 
Proposal #17: For UE configured to use both dynamic and semi-static carrier switching, it is necessary to define which sets of HARQ-ACK timing values (configured for which cell) would be used for HARQ-ACK codebook construction. 

Conclusions
In this contribution, potential UE feedback enhancements on HARQ-ACK for URLLC were discussed, and the followings are proposed.
Observation: if PUCCH resource in a slot has repetition factor larger than 1, no HARQ-ACK deferral is triggered. 
Proposal #1: for target PUCCH with K repetition in the target slot, maximum deferral value can be increased by K
Proposal #2: SPS HARQ-ACK deferral for a SPS configuration is enabled by configuring maximum deferral value in the SPS configuration. 
Proposal #3: It is necessary to discuss whether entire HARQ-ACK codebook is deferred or a part of HARQ-ACK bits corresponding to multiple SPS configurations is deferred when SPS HARQ-ACK deferral is enabled for only part of the SPS configurations for a PUCCH. 
Proposal #4: when multiple SPS HARQ-ACKs in different slots are deferred to a same target slot, deferred SPS HARQ-ACK codebooks are appended to the initial HARQ-ACK bits (originally to be transmitted in target slot) according to UL slot index of initial slots for each deferred SPS HARQ-ACK codebook.
Proposal #5: for determination of target PUCCH to validate target slot for a deferred PUCCH, UE assume no other deferred PUCCH exists. 
Proposal #6: For joint operation between HARQ-ACK deferral and PUCCH carrier switching, UE should try PUCCH carrier switching first prior to SPS HARQ-ACK deferral procedure. 
· FFS: the case where UL slot in the switched carrier is invalid for SPS HARQ-ACK PUCCH. 
Proposal #7: For joint operation between SPS HARQ-ACK deferral and One-shot HARQ-ACK re-transmission, UE assume no SPS HARQ-ACK deferral for One-shot HARQ-ACK re-transmission. In other words, UE performs One-shot HARQ-ACK re-transmission as if no SPS HARQ-ACK deferral occurs.
Proposal #8: unified triggering method for both Type-3 HARQ-ACK codebook and One-shot HARQ-ACK re-transmission can be supported.
Proposal #9: No additional codebook types is necessary for enhanced Type-3 codebook. 
Proposal #10: Slot offset indicator is introduced for One-shot HARQ-ACK re-transmission. 
· The PUCCH resource scheduled by triggering DCI is the reference to indicate the slot offset. 
· The unit of the slot offset is according to slot length (SCS) configuration for the PUCCH.
Proposal #11: Introduce additional RRC parameters to configure NDI reporting and CBG-level HARQ-ACK information per each of enhanced Type-3 codebooks.
Proposal #12: Prioritize Case 1 and 2-1 and deprioritize (or do not pursue) Case 2-2 for PUCCH carrier switching.
Proposal #13: For PUCCH carrier switching based on semi-static pattern, the PDSCH to HARQ-ACK offset k1 can be interpreted based on the numerology of a reference cell (i.e., primary cell).
Proposal #14: For PUCCH carrier switching based on semi-static pattern, in case when the slot in the reference cell corresponding to K1 overlaps with multiple slots in the switched carrier due to different SCS, the first overlapping slot in the switched carrier is determined to be used for PUCCH transmission in the switched carrier. 
Proposal #15: It can be supported to configure a reference cell to determine HARQ-ACK timing in case with semi-static PUCCH carrier switching pattern.
Proposal #16: Use 3-bit PRI field or adopt dedicated DCI field to indicate switched carrier for PUCCH transmission.
Proposal #17: For UE configured to use both dynamic and semi-static carrier switching, it is necessary to define which sets of HARQ-ACK timing values (configured for which cell) would be used for HARQ-ACK codebook construction. 
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