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Introduction
[bookmark: _Ref178064866]In this document, we provide discussion on remaining issues for UE HARQ feedback enhancements. Views on other aspects of Rel.17 URLLC/IIOT are presented in [1]-[3].
SPS HARQ-ACK Deferring
There are several aspects to be considered for further detailed discussion.
Joint operation of SPS HARQ-ACK deferral and PUCCH repetition
The group already agreed how to determine deferral condition from the initial slot/sub-slot to the intermediate slot/sub-slot, and how to decide on the target slot/sub-slot. In our understanding, the agreements were operating by the assumption of a single PUCCH transmission over single slot/sub-slot. However, if PUCCH is operated with slot or sub-slot repetitions, further clarification may be required. The following options were discussed in the last RAN1#107-e meeting:
	Mod2 Proposal 2.2.4: Support the simultaneous configuration of SPS HARQ deferral and PUCCH repetition and further down-select from Alt. 1 or Alt. 3:  
· Alt. 1: 
· If the PUCCH format or PUCCH resource in the initial slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 PUCCH repetition rule without considering the rules of SPS HARQ deferral.
· In case the PUCCH in the initial slot does not have a PUCCH repetition factor larger than 1, the SPS HARQ-ACK deferral rules for the initial slot apply. If the SPS HARQ from the initial PUCCH slot is subject to deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation after the first PUCCH repetition.
· Alt. 3:
· If the SPS HARQ from the initial PUCCH slot is subject to deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure without taking a potential PUCCH repetition in the initial slot into account. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation after the first PUCCH repetition.



For Alt. 1 the assumption on PUCCH repetition deferral can change between initial slot, target slot and another target slot, i.e., the deferral procedure is stopped once a PUCCH resource for SPS HARQ-ACK becomes associated with nrofSlots > 1. Alt. 3 to us is simple enough to proceed, although it may replicate similar behaviour in R15/16 PUCCH repetition deferral. In our understanding Alt.3 provides more uniform / logical resulting operation.

Proposal 1
· Support the simultaneous configuration of SPS HARQ deferral and PUCCH repetition:  
· If the SPS HARQ from the initial PUCCH slot is subject to deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure without taking a potential PUCCH repetition in the initial slot into account. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation after the first PUCCH repetition.


Further, assuming either Alt.1 or Alt.3 is agreed, there could be another issue. According to current specifications, when PUCCH is configured with PUCCH repetitions, the overlap of such PUCCH of different types is either not expected, or resolved by dropping one which starts later, or which has lower priority. With enabled SPS HARQ-ACK deferral, this rule may further complicate the procedure since the same starting slot / sub-slot for different UCI types may not be avoidable by scheduling due to allowed deferral. We suggest relaxing this restriction for different UCI types when SPS deferral is enabled.

Proposal 2
· For the simultaneous configuration of SPS HARQ deferral and PUCCH repetition,
· For overlap of repeated PUCCH, when one of UCIs contains SPS HARQ-ACK with enabled deferral, the UE can expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority. One of these UCIs can be dropped.

Joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching
For dynamic DCI based switching, it was concluded that there is no consensus that SPS HARQ-ACK is multiplexed together with dynamic HARQ-ACK on the switched carrier, therefore there is no joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching in this case.
For pattern-based switching, the carrier for SPS HARQ-ACK is known per slot/sub-slot, thus may be considered, before checking the validity of PUCCH resource in the slot/sub-slot.
· The main issue we see is consideration of different numerologies. In particular, the maximum deferral k1 value is configurable per DL SPS configuration, and each SPS configuration is associated with a list of PUCCH resources specific to a carrier (sps-PUCCH-AN-List-r16 or n1PUCCH-AN). Further, when numerologies on switchable carriers are different, it is uncertain how to increment k1 and how to check the maximum k1 value, since k1 interpretation is different on different numerologies. In addition, how the HARQ CB is constructed depends on multiple factors which may be specific to a given carrier. Overall, to avoid complications, we suggest that joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching is not targeting different numerologies case. For the same numerology, we can consider the joint operation.

Proposal 3
· Do not support joint operation of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching



HARQ-ACK Retransmission
There is an open issue of the DCI indication for HARQ retransmission time offset indication for one-shot HARQ retransmission triggering. It was agreed that the value range is fixed in specification. Furthermore, since the one-shot HARQ retransmission triggering can only be done by DCI not scheduling PDSCH, there are plenty DCI fields available for re-interpretation, thus not much limitation from signalling perspective.
Since MCS field even in compact/configurable DCI format 1_2 is always 5 bits, it can be used as a baseline assumption for HARQ_retx_offset indication. If more than 5 bits are required, another fixed size field can be added, such as NDI.
Regarding the minimum value of the range, the motivation for its determination is how far the dropped PUCCH can be in future from the triggering DCI, keeping in mind the limitation that the retransmission PUCCH is after the future dropped PUCCH. There is also no impact on UE buffer management because the codebook does not need to be stored for the case of negative offset values. In our view, -8 or -7 value is appropriate choice given the limited applicability of the negative range.
Regarding the maximum value of the range, the motivation for its determination is how far the dropped PUCCH can be in past from the triggering DCI. It also affects how many PUCCH transmissions a UE should keep in the buffer before discarding. From that perspective, and keeping in mind the sub-slot configurations, the value of 16 or 32 may serve the purpose. However, due to the impact on UE implementation and the choice of DCI field for indication, the smaller value of 16 is preferred.

Proposal 4
· For one-shot triggering of dropped HARQ-ACK retransmission, the HARQ retransmission time offset is signalled by MCS field and covers the value range of -8 to 16.

For one-shot triggering it was agreed to indicate which PUCCH needs to be retransmitted. There could be issues with the payload:
· Issue 1: Due to DCI misdetection, the PUCCH which was dropped (or transmitted) may not be reliably constructed. When this PUCCH is requested to be retransmitted, the payload of the retransmitted PUCCH may not be known. It may be OK to not enhance this case since the same uncertainty exists with the initial transmission of PUCCH. Alternatively, e.g., for Type 2 CB, additional total DAI may be used to derive CB size.
· Issue 2: There could be a potentially rare event when gNB requests PUCCH/CB retransmission which was completely missed by the UE initially, i.e., the UE did not receive any DCI which schedule HARQ-ACK feedback in the PUCCH requested to be retransmitted. To handle that, either all information about CB type and its size needs to be provided in the triggering DCI, or the UE may assume some default parameters, or may drop transmission of this requested PUCCH.

Proposal 5
· For one-shot triggering of dropped HARQ-ACK retransmission, RAN1 to consider handling of situations when DCI(s) (including all DCIs) scheduling HARQ-ACK in the dropped PUCCH were missed, and the PUCCH is requested to be retransmitted.


PUCCH Carrier Switching
DCI design issues
With the dynamic PUCCH carrier switching, the PUCCH configuration may change from DCI to DCI based on dynamic indication and/or semi-static pattern. In the last meeting it was agreed that the size of the fields dependent on PUCCH configuration is determined from the maximum size among the two alternatives for switching. An open issue is whether ‘ChannelAccess-CPext’ field size needs to be similarly handled.
· In FBE, this field needs to be always carried since this is the only way a UE can retrieve COT initiation information. This field is 2 bits long (no configuration allowed), so that there is no ambiguity in DCI length when PUCCH switching carrier is applied.
· In LBE, this bitfield size is configurable. In general, same CP extension and channel access type should be used across carriers. However, this won’t prevent the field ‘ChannelAccess-CPext’ to have different length across carriers as long as when configured this may provide same information.
In summary, for LBE case ‘ChannelAccess-CPext’ may have different size in different PUCCH configs, thus similar handling as PRI and k1 set fields is needed.
Furthermore, there is at least one more DCI field from other R17 items which require handling: ‘Second TPC command for scheduled PUCCH’ (controlled by SecondTPCFieldDCI-1-1 and SecondTPCFieldDCI-1-2 RRC parameters). We suggest applying the same handling for this field.

Proposal 6
· For PUCCH carrier switching based on dynamic indication and/or semi-static pattern,
· Apply the same handling for ‘Second TPC command for scheduled PUCCH’ and ‘ChannelAccess-CPext’ field size determination and zero-bit padding as for PRI and PDSCH-to-HARQ_feedback

PUCCH repetitions
It was discussed whether PUCCH repetitions can be mapped to different cells, especially when semi-static pattern is provided. In our view, this is an overoptimization which complicates the system substantially, due to separate PUCCH configurations for different cells, PUCCH repetition deferral procedure, different numerology cases, unavailability of soft-combining of PUCCH when different rate-matching is allowed in different carriers, etc.

Proposal 7
· For PUCCH carrier switching based on dynamic indication and/or semi-static pattern,
· When the indicated PUCCH resource is associated with > 1 repetitions, the cell for PUCCH repetitions transmission is fixed to the same cell as the initial PUCCH repetition
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and the PUCCH repetition is dropped

Clarification

The following conclusion may need to be further clarified:
	Conclusion
[bookmark: _Hlk92381032]For dynamic PUCCH cell switching, the UE does not expect a PUCCH slot with UCI on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK on the dynamically indicated alternative PUCCH cell.
· The UCI on PCell /SPCell / PUCCH SCell dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the alternative PUCCH cell.



· We suggest clarifying that the valid PUCCH resource on Pcell means PUCCH resources before multiplexing on Pcell. This simplifies handling of different cases which arise if the PUCCH resource after multiplexing is considered.
· We suggest clarifying that for different priority UCI, any PUCCH resource before multiplexing/prioritization is considered. Similarly, to the first issue, in this case there are multiple additional considerations when PUCCH resource after multiplexing/prioritization is considered, e.g., multiplexing of LP HARQ-ACK with HP HARQ-ACK.

Proposal 8
· For the conclusion that “For dynamic PUCCH cell switching, the UE does not expect a PUCCH slot with UCI on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK on the dynamically indicated alternative PUCCH cell”,
· Clarify that the valid PUCCH resource on Pcell means PUCCH resources before multiplexing on Pcell
· Clarify that for different priority UCI, any PUCCH resource before multiplexing/prioritization is considered


Conclusions
In this contribution the UE HARQ feedback enhancements targeting URLLC/IIOT scenarios in Release 17 have been presented. Based on analysis and discussion, the following proposals have been made:
Proposal 1
· Support the simultaneous configuration of SPS HARQ deferral and PUCCH repetition:  
· If the SPS HARQ from the initial PUCCH slot is subject to deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure without taking a potential PUCCH repetition in the initial slot into account. 
· In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation after the first PUCCH repetition.

Proposal 2
· For the simultaneous configuration of SPS HARQ deferral and PUCCH repetition,
· For overlap of repeated PUCCH, when one of UCIs contains SPS HARQ-ACK with enabled deferral, the UE can expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority. One of these UCIs can be dropped.

Proposal 3
· Do not support joint operation of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching

Proposal 4
· For one-shot triggering of dropped HARQ-ACK retransmission, the HARQ retransmission time offset is signalled by MCS field and covers the value range of -8 to 16.

Proposal 5
· For one-shot triggering of dropped HARQ-ACK retransmission, RAN1 to consider handling of situations when DCI(s) (including all DCIs) scheduling HARQ-ACK in the dropped PUCCH were missed, and the PUCCH is requested to be retransmitted.

Proposal 6
· For PUCCH carrier switching based on dynamic indication and/or semi-static pattern,
· Apply the same handling for ‘Second TPC command for scheduled PUCCH’ and ‘ChannelAccess-CPext’ field size determination and zero-bit padding as for PRI and PDSCH-to-HARQ_feedback

Proposal 7
· For PUCCH carrier switching based on dynamic indication and/or semi-static pattern,
· When the indicated PUCCH resource is associated with > 1 repetitions, the cell for PUCCH repetitions transmission is fixed to the same cell as the initial PUCCH repetition
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and the PUCCH repetition is dropped

Proposal 8
· For the conclusion that “For dynamic PUCCH cell switching, the UE does not expect a PUCCH slot with UCI on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK on the dynamically indicated alternative PUCCH cell”,
· Clarify that the valid PUCCH resource on Pcell means PUCCH resources before multiplexing on Pcell
· Clarify that for different priority UCI, any PUCCH resource before multiplexing/prioritization is considered
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