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Introduction
In the last meeting, following two proposals have been discussed but haven’t been concluded.
	For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported 
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and is not counted towards the total number of PUCCH repetitions / the repetition is post-poned as in Rel-16. Example figure for 4 repetitions:

For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement). 
· The UE does not expected to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI in a slot overlapping with a PCell / SPCell / PUCCH-SCell slot where SPS HARQ-ACK subject to another SPS config would be transmitted. 


In this contribution, we provide our views on the above proposals and also discuss on remaining issues related to intra-UE multiplexing. 

Discussion
In the last meeting, most parts of framework have been determined outlines of HARQ-ACK enhancement features would be. However, there were some remaining parts need to be clarified, which are mainly for joint operations between those features. In this section, we provide our views on the remaining issues and propose possible solutions to solve these issues. 

Semi-static PUCCH cell switching + PUCCH repetition
Currently, PUCCH cell switching is applied only for a slot. If UE is configured with PUCCH resource having repetition factor, the UE would determine PUCCH occasions over multiple slots. In addition, if the UE is also configured with PUCCH cell switching based on semi-static pattern, it is necessary to define how to handle multiple PUCCH occasions over multiple slots and the PUCCH cell switching pattern which may or may not be aligned.
According to the discussion in the previous meetings, the majority view was that PUCCH resource is given by target carrier (i.e., the carrier with the first PUCCH occasion) configuration, so the PUCCH repetition would be done within the target carrier. There are also different views, for example, PUCCH repetition would be performed between different cells for the diversity gain. In our view, it is unclear how to determine PUCCH resources in the cell not indicated as target carrier and the benefit and gain hasn’t been identified yet. In such case, we had prioritized simplicity rather than unidentified gain at this late stage, like other simultaneous configuration. We cannot see the reason to make a difference for this case. 
To perform PUCCH repetition in the indicated target carrier, it is necessary to clarify how UE would handle PUCCH repetition based on PUCCH carrier switching pattern. Since it is difficult to guarantee that all the consecutive slots for the PUCCH repetition are mapped to same target carrier, it is more reasonable for UE to avoid the slot mapped to different carrier (i.e., non-target carrier) during the PUCCH repetition procedure. In the previous meeting, it was proposed to re-use current principle that PUCCH repetition are repeated only in the consecutive slots avoiding invalid slot which have no sufficient uplink or flexible symbol. In other words, UE can regard a slot mapped to the different cell as invalid for the PUCCH repetition in a cell. 
Proposal #1: For semi-static PUCCH cell switching, a PUCCH repetition is transmitted on the target PUCCH cell with the first PUCCH occasion.
· A PUCCH slot mapped to the PUCCH cell different from the target PUCCH cell with the first PUCCH occasion is considered as invalid for PUCCH repetition and is not counted towards the total number of PUCCH repetitions / the repetition is postponed as in Rel-16. 
\
Dynamic PUCCH cell switching with SPS PDSCH without associated DCI
In the previous meeting, following agreement was made[1]:
	Agreement
In addition to HARQ-Ack of PDSCH dynamically scheduled by a DCI indicating a PUCCH carrier, the dynamic target carrier indication also applies to:
· HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI based on the indication in the activation DCI
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
· FFS: Additional cases


By the agreement, SPS activation DCI can be affected by PUCCH carrier indication. It is based on common understanding that the first activated SPS PDSCH is treated as dynamically indicated PDSCH. However, it is ambiguous how to handle SPS PDSCH other than first one, with PUCCH carrier indication. 
In our view, like the first activated SPS PDSCH and its HARQ-ACK feedback are treated as dynamically indicated PDSCH and PUCCH, the SPS PDSCH other than first one should be treated as semi-static PDSCH and PUCCH, as like other semi-static UCI transmission. For dynamic PUCCH carrier switching, it is already agreed that UE doesn’t expect to multiplex semi-static PUCCH transmission with indicated UL transmission in the PUCCH-sScell. We think it should be applied to SPS PDSCH and its HARQ-ACK in the same way. For this aspect, it is not necessary to make any conclusion or agreement even. 
The main concern in the last meeting was to perform PUCCH transmission of first SPS PDSCH and others in the different cell. As statement above, if we follow the agreed ways, only the HARQ-ACK transmission of the first SPS PDSCH is affected by PUCCH carrier indication. If some companies have concern on that, we would like to propose to restrict PUCCH carrier indication for the first activated SPS PDSCH. 
Proposal #2: For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by the activation DCI uses the PUCCH cell based on the indication in the activation DCI 
· The UE does not expect to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI. 

Remaining issue related to intra-UE multiplexing
Though the discussions has been dropped due to little progress on the Rel-17 intra-UE multiplexing, it still could be an issue how to handle PHY priority for SPS HARQ deferral if the UE is configured with Rel-17 intra-UE multiplexing. In order to apply the intra-UE multiplexing to SPS HARQ-ACK deferral, it is necessary to revisit the condition to trigger SPS HARQ-ACK deferral in initial slot and target slot determination for the deferred SPS HARQ-ACK transmission. 
In initial slot, the issue is how to treat inter-priority multiplexed PUCCH. In the single priority case, the deferring conditions are as below.
· SPS HARQ-ACK deferral is enabled in RRC
· PUCCH given by n1PUCCH or SPS-PUCCH-AN-List-r16 is considered after UL multiplexing
· PUCCH resource are overlaps in time with semi-static DL symbol, SSB and/or CORESET#0

It is possible to apply the above conditions to the intra-UE multiplexing. For example, when the intra-UE multiplexing is configured and HP and/or LP SPS HARQ-ACK are multiplexed in a PUCCH given by n1PUCCH or SPS-PUCCH-AN-List-r16 and the PUCCH resource is to be cancelled by semi-static DL symbol, SSB and/or CORESET#0, this could be the deferring condition in the intra-UE multiplexing case. 
Proposal #3: At least the following conditions are kept for SPS HARQ deferral in case configured with intra-UE multiplexing. 
· SPS HARQ-ACK deferral is enabled in RRC
· PUCCH given by n1PUCCH or SPS-PUCCH-AN-List-r16 is considered as final PUCCH after intra-UE UL multiplexing
· PUCCH resource are overlaps in time with semi-static DL symbol, SSB and/or CORESET#0

There is a bit more complicated case that PUCCH met the deferring condition before inter-UE multiplexing but does not meet after the intra-UE multiplexing. For example, LP SPS HARQ-ACK can be multiplexed into HP PUCCH not given by n1PUCCH or SPS-PUCCH-AN-List-r16. If the HP PUCCH is cancelled, intra-UE multiplexing is not helpful anymore for saving LP HARQ-ACK from PUCCH prioritization. Thus, it can be considered to fallback to the same priority multiplexing in such case. In other words, if LP PUCCH can be deferred before inter-priority multiplexing and the final (HP) PUCCH where the LP PUCCH is multiplexed is to be cancelled after the inter-priority multiplexing, the deferring can be triggered for the LP PUCCH to save LP HARQ-ACK. Thus, we propose the following:
Proposal #4: If a SPS HARQ-ACK in a slot meets the deferring condition before inter-priority multiplexing and the SPS HARQ-ACK cannot be transmitted after inter-priority multiplexing, the SPS HARQ-ACK can be deferred.

Once SPS HARQ-ACK is deferred from initial slot, it is necessary to determine target slot. Since UL multiplexing procedure is considered to determine target slot, it is natural to consider Rel-17 inter-UE multiplexing procedure as well. 
Proposal #5: Rel-17 inter-UE multiplexing can be considered to determine valid target slot for SPS HARQ-ACK deferral. 

Considering inter-UE multiplexing procedure, it should be clarified first how to determine the priority of deferred SPS HARQ-ACK from the PUCCH multiplexed with different priority. For example, when LP and HP SPS HARQ-ACK is multiplexed on HP SPS HARQ-ACK PUCCH and the PUCCH is deferred, priority of the PUCCH resource is high but HARQ-ACK codebook priority is given by SPS configuration. Thus, we can consider following alternatives. 
· Alt. 1: (per SPS configuration basis) Regardless of PUCCH resource in initial slot, HARQ-ACK priority is given by corresponding SPS configuration. 
· Alt. 2: (based on PUCCH resource in initial slot) Once HARQ-ACKs are multiplexed into a PUCCH and the PUCCH is deferred, the priority of deferred HARQ-ACKs are regarded as the priority of the deferred PUCCH. 
To align with single priority case, we prefer Alt. 1. By adopting Alt. 1, we can use current framework for the priority handling of SPS HARQ-ACK deferral. 
Proposal #6: To determine the priority of deferred SPS HARQ-ACK from the PUCCH multiplexed with different priority, HARQ-ACK priority is given by corresponding SPS configuration regardless of deferred PUCCH resource in initial slot. 

For the One-shot HARQ-ACK retransmission, it is also necessary to consider how intra-UE multiplexing works with the one-shot HARQ-ACK retransmission. There are some agreements related different priority handling for the one-shot HARQ-ACK retransmission. In short, those mention like followings.
· The priority indicator in one-shot HARQ-ACK triggering DCI indicates both the priorities of initial PUCCH/codebook and target PUCCH.
On the other hand, once intra-UE multiplexing is considered, a single PUCCH can carries HARQ-ACKs of both PHY priorities. It means that the codebook index and channel priority can be different. Thus, it is necessary to define how one-shot HARQ-ACK retransmission can handle different priority combination between codebook and channel. 
First of all, it is necessary to define how one-shot HARQ-ACK retransmission works in the initial slot. In our view, the one-shot HARQ-ACK triggering is basically used to retransmit the codebook rather than the PUCCH. With intra-UE multiplexing, we think it is aligned with the motivation to target the codebook (with certain priority) in the PUCCH for the retransmission. It would reduce redundant HARQ-ACK retransmission comparing to retransmit all codebooks (for both two priorities) in the initial PUCCH. 
Proposal #7: For One-shot HARQ-ACK retransmission of the PUCCH multiplexed with different priority, only the HARQ-ACK codebook having indicated priority index is to be retransmitted. 
· HARQ offset of triggering DCI is determined based on slot length of the indicated priority in the triggering DCI. 

For type-3 or enhanced type-3 HARQ-ACK codebook, it is common understanding that HARQ processes are independent from priority. Also, we expect that gNB would schedule proper type-3 codebook in order to cover all on-going PDSCH transmission, and UE would prioritize type-3 codebook than other codebook and doesn’t expect the collision between type-3 codebook and other codebooks. Thus, since type-3 HARQ-ACK codebook can cover both low and high priority transmission, it would be reasonable to take precedence. In case of intra-UE multiplexing, we think it is beneficial to make type-3 codebook higher priority than other. 
Proposal #8: For the type-3 or enhanced type-3 HARQ-ACK codebook transmission in case configured with intra-UE multiplexing, one of following alternatives is adopted.
· Alternative 1: UE does not expect that type-3 or enhanced type-3 triggering DCI indicates lower priority transmission
· Alternative 2: UE assumes that type-3 or enhanced type-3 triggering DCI corresponds to higher priority transmission (regardless of the value of priority indication field)

Remaining issue on One-shot HARQ-ACK re-transmission
In the last meeting, following agreement was made[1]:
	Agreement
For one-shot HARQ-ACK re-transmission, 
· the minimum value for the HARQ re-tx offset min_HARQ_retx_offset_value is -7.  
· the maximum value for the HARQ re-tx offset max_HARQ_retx_offset_value is 24.  
· Note: UE capability reporting on the UE supported value range for HARQ_retx_offset in the scope of [min_HARQ_retx_offset_value, max_HARQ_retx_offset_value ] that can be indicated by the gNB for the UE can be further discussed in UE capabilities


There were several discussion points to determine/define HARQ re-tx offset value and UE capabilities. The main issue was that UE has to store HARQ process status or HARQ-ACK codebook itself for each slot in the range of HARQ re-tx offset. It is not only limiting the HARQ re-tx offset range directly, but also making this feature hard for UE to implement. As agreed, it could be a solution to have another UE capability having reduced range of HARQ re-tx offset, but it restricts usefulness of the features. 
In order to reduce UE burden with maintaining the performance of this feature, it can be considered to introduce new capability related to the maximum number (X) of storing HARQ-ACK codebooks. Based on that number X, UE would store at most X latest scheduled HARQ-ACK codebooks, and gNB would be able to trigger one-shot HARQ-ACK to retransmit one of among the X stored HARQ-ACK codebooks. By doing so, the UE can have enlarged HARQ re-tx offset ranges with less implementation burden.
Proposal 9: Consider to introduce new UE capability indicating how many HARQ-ACK codebooks can be stored for one-shot HARQ-ACK retransmission afterward.
· UE reports the number X, which indicates the maximum number of HARQ-ACK codebooks stored simultaneously in the UE side. 
· gNB would be able to trigger one-shot HARQ-ACK retransmission for one of latest X scheduled HARQ-ACK codebooks. 

Conclusions
In this contribution, remaining issues on HARQ-ACK feedback enhancements for URLLC were discussed, and the followings are proposed.
Proposal #1: For semi-static PUCCH cell switching, a PUCCH repetition is transmitted on the target PUCCH cell with the first PUCCH occasion.
· A PUCCH slot mapped to the PUCCH cell different from the target PUCCH cell with the first PUCCH occasion is considered as invalid for PUCCH repetition and is not counted towards the total number of PUCCH repetitions / the repetition is postponed as in Rel-16. 

Proposal #2: For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by the activation DCI uses the PUCCH cell based on the indication in the activation DCI 

Proposal #3: At least the following conditions are kept for SPS HARQ deferral in case configured with intra-UE multiplexing. 
· SPS HARQ-ACK deferral is enabled in RRC
· PUCCH given by n1PUCCH or SPS-PUCCH-AN-List-r16 is considered as final PUCCH after intra-UE UL multiplexing
· PUCCH resource are overlaps in time with semi-static DL symbol, SSB and/or CORESET#0

Proposal #4: If a SPS HARQ-ACK in a slot meets the deferring condition before inter-priority multiplexing and the SPS HARQ-ACK cannot be transmitted after inter-priority multiplexing, the SPS HARQ-ACK can be deferred.

Proposal #5: Rel-17 inter-UE multiplexing can be considered to determine valid target slot for SPS HARQ-ACK deferral. 

Proposal #6: To determine the priority of deferred SPS HARQ-ACK from the PUCCH multiplexed with different priority, HARQ-ACK priority is given by corresponding SPS configuration regardless of deferred PUCCH resource in initial slot. 

Proposal #7: For One-shot HARQ-ACK retransmission of the PUCCH multiplexed with different priority, only the HARQ-ACK codebook having indicated priority index is to be retransmitted. 
· HARQ offset of triggering DCI is determined based on slot length of the indicated priority in the triggering DCI. 

Proposal #8: For the type-3 or enhanced type-3 HARQ-ACK codebook transmission in case configured with intra-UE multiplexing, one of following alternatives is adopted.
· Alternative 1: UE does not expect that type-3 or enhanced type-3 triggering DCI indicates lower priority transmission
· Alternative 2: UE assumes that type-3 or enhanced type-3 triggering DCI corresponds to higher priority transmission (regardless of the value of priority indication field)

Proposal 9: Consider to introduce new UE capability indicating how many HARQ-ACK codebooks can be stored for one-shot HARQ-ACK retransmission afterward.
· UE reports the number X, which indicates the maximum number of HARQ-ACK codebooks stored simultaneously in the UE side. 
· gNB would be able to trigger one-shot HARQ-ACK retransmission for one of latest X scheduled HARQ-ACK codebooks. 
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