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Introduction
[bookmark: _Hlk53780111]During RAN1 #106bis-e meeting, RAN1 made following agreements and conclusions regarding SPS HARQ-ACK deferral, one-shot triggering of HARQ-ACK retransmission, and PUCCH carrier switching for UE HARQ-ACK feedback enhancement in Rel-17 Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC):
Conclusion
For SPS HARQ-ACK deferral, the operation in the ‘initial’ slot is further clarified as: 
· The UE performs first the (Rel-16) UCI multiplexing operation. If after the UCI multiplexing operation into a PUCCH or PUSCH if any, and if the UE would be transmitting SPS HARQ-ACK using the PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN which is not valid, the SPS HARQ-ACK configured for deferral is deferred.
Conclusion
[bookmark: _Hlk87009074]If the UE is not configured with Rel-17 Intra-UE multiplexing, SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately determinated according to their respective PHY priorities.
· FFS on the PHY priority handling for SPS HARQ deferral if the UE configured with Rel-17 Intra-UE multiplexing
Agreement
The RAN1#106-e agreement on the target slot definition is updated as follows (in RED): 
	Agreement (from RAN1#106-e)
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot, where after performing the (Rel-16) UCI multiplexing operation into a PUCCH or PUSCH if any, the UE would be either (i) transmitting HARQ-ACK using a PUCCH/PUSCH other than the PUCCH determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN or (ii) would be transmitting HARQ-ACK using a PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN being regarded as valid.  sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
· The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
· The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.


Agreement
For one-shot triggering of HARQ-ACK re-transmission on PUCCH, 
· in case the dynamic Type 2 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 2 HARQ-ACK codebook to be re-transmitted to the Type 2 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.
· in case the semi-static Type 1 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 1 HARQ-ACK codebook to be re-transmitted to the Type 1 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.
Agreements:
For one-shot HARQ re-transmission on PUCCH, the triggering DCI dynamically indicates a ‘HARQ re-tx offset’ which is used to define the offset in number of PUCCH slots/sub-slots between the triggering DCI and the PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted. For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as either: 
· Alt. 1: n = m - HARQ_retx_offset
· Alt. 2: n = m + k - HARQ_retx_offset
· FFS: value range of the HARQ-retx_offset
Agreement
Down-select in RAN1#107-e from Alt. 1 & Alt. 3 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot),  the following PUCCH cell slot is used for UCI transmission:
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot
· Alt. 3: using a relative slot-offset within the reference cell slot, the relative slot offset is configured in the time domain pattern (i.e. time domain pattern contains ‘cell index’ & ‘slot_offset’ for each reference cell slot)
· Note: different relative slot offset can be configured for each reference cell slot in the time domain pattern, details see R1-2108829
Agreement
Down-select in RAN1#107-e from Alt. 2 & Alt. 4 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot,  
· Alt. 2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot
· Note: there can be e.g. HARQ-ACK only be present in either of the overlapping slots, but not in more than one overlapping slot. 
· Alt. 4: the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 
Conclusion
There is no consensus to support multiplexing of HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI on the dynamically indicated PUCCH cell (other than PCell / PSCell / PUCCH-SCell) in Rel-17.
· FFS: further handling, incl. e.g., UE does not expect overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI or overlapping HARQ-ACK (without dynamic PUCCH cell indication), SR and P/SP-CSI is to be dropped
· FFS: overlapping definition for SR and P/SP-CSI in terms of PUCCH slot or PUCCH resource

In this document, we discuss remaining issues of SPS HARQ-ACK deferral, one-shot triggering of HARQ-ACK retransmission, and PUCCH carrier switching for HARQ-ACK feedback enhancement in Rel-17 IIoT/URLLC.
Discussion
UE may have to cancel HARQ-ACK transmission due to collision between PUCCH/PUSCH resources of a high priority index and PUCCH/PUSCH resources of a low priority index, urgent DL transmissions from gNB, and/or reception of an uplink cancellation indication. Instead of incurring the system performance loss due to dropping of cancelled HARQ-ACK transmission, it is beneficial to support mechanisms to re-transmit the cancelled HARQ-ACK transmission. 
SPS HARQ-ACK deferral with Rel-17 intra-UE multiplexing
When a UE is configured with SPS HARQ-ACK deferral for a given SPS configuration and also configured with Rel-17 intra-UE multiplexing of different priorities, the UE can determine to defer SPS HARQ-ACK of the given SPS configuration in an initial slot by performing, first, Rel-17 UCI multiplexing operation and then determining that the UE would transmit the SPS HARQ-ACK using PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN which is not valid. For Rel-17 intra-UE multiplexing, the UE first resolves overlapping among PUCCHs and/or PUSCHs with the same priority and secondly, resolves overlapping among PUCCHs and/or PUSCHs with different priorities. 
When configured with Rel-17 intra-UE multiplexing of different priorities, the UE can determine a target PUCCH slot to transmit the deferred SPS HARQ-ACK by performing Rel-15 UCI multiplexing operation for a physical layer (PHY) priority same as a corresponding HARQ-ACK priority of the given SPS configuration and further resolving overlapping among PUCCHs and/or PUSCHs with different priorities. That is, the target PUCCH slot is defined as the next PUCCH slot, where after performing the Rel-17 UCI multiplexing operation into a PUCCH or PUSCH if any, the UE would be either (i) transmitting HARQ-ACK using a PUCCH/PUSCH other than a PUCCH determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN or (ii) would be transmitting HARQ-ACK using a PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN being regarded as valid.
When a UE is configured with SPS HARQ-ACK deferral for multiple SPS configurations of different priorities and also configured with Rel-17 intra-UE multiplexing of different priorities, the UE can defer SPS HARQ-ACK of different PHY priorities separately for each SPS configuration by performing Rel-15 UCI multiplexing operation for a PHY priority same as a corresponding HARQ-ACK priority of each SPS configuration and further resolving overlapping among PUCCHs and/or PUSCHs with different priorities.
Proposal 1: When a UE is configured with Rel-17 intra-UE multiplexing of different priorities, an initial slot and a target PUCCH slot for SPS HARQ-ACK deferral are determined after performing the Rel-17 intra-UE multiplexing operation. Further, SPS HARQ-ACK of different PHY priorities are separately deferred with target PUCCH slots separately determined according to their respective PHY priorities.
Interaction between SPS HARQ-ACK deferral and PUCCH repetition
During RAN1#106bis-e meeting, interaction between SPS HARQ-ACK deferral and PUCCH repetition features was discussed. In our view, if the PUCCH repetition feature to ensure reliable PUCCH transmission is prioritized over the SPS HARQ-ACK deferral feature, when a PUCCH resource determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is configured with repetition (i.e. repetition factor >1), network should not configure SPS HARQ-ACK deferral for a corresponding SPS configuration(s) from the beginning. That is, we can conclude the issue with the following conclusion:
Proposal 2: UE does not expect that a SPS configuration is configured with SPS HARQ-ACK deferral, when a PUCCH resource determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for the SPS configuration is configured with repetition (i.e. repetition factor >1).
For SPS HARQ-ACK deferral, a UE may determine a target PUCCH slot such that the UE would transmit HARQ-ACK using a PUCCH/PUSCH other than a PUCCH determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN. In this case, if the determined PUCCH/PUSCH in the target PUCCH slot is configured with repetition, limitation of the maximum deferral should be applicable to the first PUCCH/PUSCH repetition.   
Proposal 3: If a PUCCH/PUSCH other than a PUCCH provided by n1PUCCH-AN or PUCCH SPS-PUCCH-AN-List-r16 is used for deferred SPS HARQ-ACK transmission in a target PUCCH slot, the max. deferral is applicable to the first PUCCH/PUSCH repetition.  
One-shot triggering of HARQ-ACK re-transmission
[bookmark: _Hlk79054563]As for DL DCI based one-shot triggering of HARQ-ACK re-transmission, a re-transmission triggering indication field in DCI can dynamically indicate a HARQ-ACK codebook/PUCCH occasion to be re-transmitted. Timing information corresponding to the indicated HARQ-ACK codebook/PUCCH occasion can be defined in terms of a slot/sub-slot offset with respect to a DL slot where a DCI format triggering the retransmission is detected (i.e. Alt. 1: n = m - HARQ_retx_offset). 
For example, a bit field, e.g. ‘HARQ-ACK retransmission indicator’, indicates a HARQ-ACK codebook/PUCCH occasion triggered for retransmission as follows:

-	HARQ-ACK retransmission indicator – The bitwidth for this field is determined as bits, where I is the number of entries in the higher layer harq-ackRetransmissionList if the higher layer parameter is configured; otherwise I is the number of entries in the default table shown in Table 1.
Table 1 Default table for the HARQ-ACK retransmission indicator field
	Row index
	Slot/sub-slot offset of a HARQ-ACK codebook/PUCCH occasion with respect to a DL slot where a DCI format triggering HARQ-ACK retransmission is detected (i.e. a reference DL slot)

	1
	Re-transmission is not triggered.

	2
	1 slot earlier than the reference DL slot

	3
	2 slots earlier than the reference DL slot 

	4
	4 slots earlier than the reference DL slot



Proposal 4: Timing information of a HARQ-ACK codebook/PUCCH occasion triggered for retransmission is defined in terms of a slot/sub-slot offset with respect to a DL slot where a DCI format triggering the retransmission is detected (Alt. 1: n = m - HARQ_retx_offset).
PUCCH carrier switching
When a UE is configured with multiple serving cells in a given cell group, it is typically expected that a primary cell (PCell) is deployed in a lower carrier frequency with a smaller subcarrier spacing, which can ensure wider cell coverage for the PCell and accordingly, allow the UE to avoid frequent changes of PCell. Hence, it is safe to conclude that UE does not expect a semi-static PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. For PUCCH cell switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot), UE can use the first target PUCCH slot overlapping with the PCell slot for UCI transmission.
For dynamic PUCCH cell indication, UE does not expect to transmit a PUCCH in a dynamically indicated PUCCH cell in a slot overlapping with a PCell/PSCell/PUCCH-SCell slot, if transmissions of HARQ-ACK without dynamic PUCCH cell indication, SR, and periodic/semi-persistent-CSI in a PCell/PSCell/PUCCH-SCell is allowed in the PCell/PSCell/PUCCH-SCell slot.
Proposal 5:  UE does not expect a semi-static PUCCH cell configuration, where a single target PUCCH slot would be overlapping with more than one PCell slot. If a PCell slot is longer than a target PUCCH cell slot, UE can use the first target PUCCH slot overlapping with the PCell slot for UCI transmission.
Proposal 6: For dynamic PUCCH cell indication, gNB implementation can ensure that PUCCH transmissions would not occur in more than one cell of a PUCCH-cell group in a given PCell/PSCell/PUCCH-SCell slot. 
Conclusion
In summary, we propose the followings for enhancements to HARQ-ACK feedback in Rel-17 URLLC/IIoT:
Proposal 1: When a UE is configured with Rel-17 intra-UE multiplexing of different priorities, an initial slot and a target PUCCH slot for SPS HARQ-ACK deferral are determined after performing the Rel-17 intra-UE multiplexing operation. Further, SPS HARQ-ACK of different PHY priorities are separately deferred with target PUCCH slots separately determined according to their respective PHY priorities.
Proposal 2: UE does not expect that a SPS configuration is configured with SPS HARQ-ACK deferral, when a PUCCH resource determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN for the SPS configuration is configured with repetition (i.e. repetition factor >1).
Proposal 3: If a PUCCH/PUSCH other than a PUCCH provided by n1PUCCH-AN or PUCCH SPS-PUCCH-AN-List-r16 is used for deferred SPS HARQ-ACK transmission in a target PUCCH slot, the max. deferral is applicable to the first PUCCH/PUSCH repetition.  
Proposal 4: Timing information of a HARQ-ACK codebook/PUCCH occasion triggered for retransmission is defined in terms of a slot/sub-slot offset with respect to a DL slot where a DCI format triggering the retransmission is detected (Alt. 1: n = m - HARQ_retx_offset).
Proposal 5:  UE does not expect a semi-static PUCCH cell configuration, where a single target PUCCH slot would be overlapping with more than one PCell slot. If a PCell slot is longer than a target PUCCH cell slot, UE can use the first target PUCCH slot overlapping with the PCell slot for UCI transmission.
Proposal 6: For dynamic PUCCH cell indication, gNB implementation can ensure that PUCCH transmissions would not occur in more than one cell of a PUCCH-cell group in a given PCell/PSCell/PUCCH-SCell slot. 
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