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Introduction
[bookmark: _Hlk53780111]During RAN1 #107-e meeting, RAN1 made following agreements and conclusions for UE HARQ-ACK feedback enhancement in Rel-17 Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) [1]:
Conclusion
There is no consensus to support the simultaneous configuration of one-shot HARQ-ACK re-transmission and dynamic PUCCH cell switching in Rel-17.

Conclusion
For SPS HARQ-ACK deferral, if a UE is not configured with Rel-17 intra-UE multiplexing but configured with Rel-16 PHY prioritization, the UE first performs Rel-16 UCI multiplexing and PHY prioritization in both initial slot and target slot and if a LP SPS HARQ-ACK PUCCH is deprioritized, the LP SPS HARQ-ACK is not deferred.
· Note: If the SPS HARQ-ACK is deprioritized in any slot, no further deferral.

Agreement
Support simultaneous configuration of SPS HARQ-ACK deferral and PUCCH cell switching based on the semi-static time domain pattern:
· For the target slot determination of SPS HARQ-ACK deferral,
· Step 1: the UE first determines a next PUCCH slot on the cell for PUCCH transmission using the semi-static time-domain PUCCH cell pattern and the related rules for semi-static PUCCH cell switching, followed by
· Step 2: the UE determines based on the SPS HARQ-ACK deferral rules if this PUCCH slot on the PUCCH cell for transmission is the target PUCCH slot or not.
· Note: In step 1, k is increased on PCell/PScell/PUCCH-Scell. “The next PUCCH slot” represents the slot on the PUCCH cell based on PUCCH cell pattern, which is mapped from the PCell/PScell/PUCCH-Scell slot with increased K1.
· Note: The maximum deferral limitation checking is based on the effective k + kdef value based on the granularity of PCell / PScell/PUSCCH-Scell

Agreement
Support simultaneous configuration of one-shot HARQ-ACK re-transmission and semi-static PUCCH cell switching:
· the ‘backward HARQ-ACK slot-offset’ is interpreted with the granularity of a PUCCH slot of the respective PHY priority of PCell /PSCell / PUCCH SCell

Agreement
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), adopt Alt 1, i.e., the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission.

Agreement
Support simultaneous configuration of enhanced Type 3 CB triggering and PUCCH cell switching. 

Conclusion
There is no consensus to support simultaneous configuration of semi-static PUCCH cell switching and dynamic PUCCH cell switching in Rel-17.

Conclusion
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.

In this document, we discuss remaining issues for HARQ-ACK feedback enhancement in Rel-17 IIoT/URLLC.
Discussion
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 and RAN1#107-e meetings, 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.  
Joint configuration of SPS HARQ-ACK deferral and dynamic PUCCH cell switching
Similar to simultaneous configuration of SPS HARQ-ACK deferral and semi-static PUCCH cell switching, joint configuration of SPS HARQ-ACK deferral and dynamic PUCCH cell switching can reduce SPS HARQ-ACK feedback delay. For the target slot determination of SPS HARQ-ACK deferral,
· Step 1: the UE first determines a next PUCCH slot on a cell for PUCCH transmission based on the last detected DCI indicating the next PUCCH slot (if any) or based on PCell/PSCell/PUCCH-SCell slot timing, followed by
· Step 2: the UE determines based on the SPS HARQ-ACK deferral rules if this PUCCH slot on the PUCCH cell for transmission is the target PUCCH slot or not.
In step 1, k for SPS HARQ-ACK deferral is increased based on PCell/PSCell/PUCCH-SCell. If a slot for the active UL BWP of the PCell/PSCell/PUCCH-SCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell, the UE checks all the slots of the PUCCH-sSCell overlapping with the slot of the PCell/PSCell/PUCCH-SCell to determine “the next PUCCH slot” and the cell for PUCCH transmission. The maximum deferral limitation checking is based on the effective k + kdef value based on the granularity of PCell/PScell/PUCCH-Scell.
Proposal 4: Support joint configuration of SPS HARQ-ACK deferral and dynamic PUCCH cell switching.
· A UE increases a slot index for SPS HARQ-ACK deferral based on PCell/PSCell/PUCCH-SCell.
· If a slot for the active UL BWP of the PCell/PSCell/PUCCH-SCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell, the UE checks all the slots of the PUCCH-sSCell overlapping with the slot of the PCell/PSCell/PUCCH-SCell to determine “the next PUCCH slot” and the cell for PUCCH transmission.
SPS HARQ-ACK deferral with half-duplex CA
According to the current Rel-17 specification, when a UE is configured with carrier aggregation (CA) and indicates half-duplex capability, the PUCCH carrying HARQ-ACK of SPS PDSCH would be dropped for following scenarios:
· the PUCCH in a serving cell overlaps with any symbol from a set of symbols of a slot that are indicated to the UE for reception of SS/PBCH blocks in another serving cell of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, when provided to the UE
· the PUCCH is on a set of symbols on a serving cell, and at least one symbol from the set of symbols is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or is a symbol corresponding to a PDCCH, PDSCH, or CSI-RS reception that is configured by higher layers on the reference cell 
In our view, if a UE is configured with CA and indicates half-duplex CA capability, the UE should be able to defer PUCCH transmission carrying HARQ-ACK of SPS PDSCH similar to SPS HARQ-ACK deferral in a single-carrier TDD scenario. Thus, additional conditions to trigger SPS HARQ-ACK deferral and to determine a target PUCCH slot need to be included, as shown in the proposal 5 and corresponding text proposal.
Proposal 5: In half-duplex CA case, for SPS HARQ-ACK deferral, valid symbols in the initial and target PUCCH slot/sub-slot are determined by taking into account the followings:
· the PUCCH in one cell colliding with at least one symbol of a set of symbols for SSB in another cell of the multiple serving cells is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
· the PUCCH in one cell colliding with at least one symbol of a set of symbols indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or corresponding to a PDCCH, PDSCH, or CSI-RS reception configured by higher layer on the reference cell is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
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: Support joint configuration of SPS HARQ-ACK deferral and dynamic PUCCH cell switching.
· A UE increases a slot index for SPS HARQ-ACK deferral based on PCell/PSCell/PUCCH-SCell.
· If a slot for the active UL BWP of the PCell/PSCell/PUCCH-SCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell, the UE checks all the slots of the PUCCH-sSCell overlapping with the slot of the PCell/PSCell/PUCCH-SCell to determine “the next PUCCH slot” and the cell for PUCCH transmission.
Proposal 5: In half-duplex CA case, for SPS HARQ-ACK deferral, valid symbols in the initial and target PUCCH slot/sub-slot are determined by taking into account the followings:
· the PUCCH in one cell colliding with at least one symbol of a set of symbols for SSB in another cell of the multiple serving cells is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
· the PUCCH in one cell colliding with at least one symbol of a set of symbols indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or corresponding to a PDCCH, PDSCH, or CSI-RS reception configured by higher layer on the reference cell is regarded as ‘invalid’ or ‘no symbols for UL transmission’.
-----------------------   Start of Text proposal for TS 38.213     --------------------------------------------
[bookmark: _Toc92093854]9.2.5.4	UE procedure for deferring HARQ-ACK for SPS PDSCH 
If a UE is provided spsHARQdeferral and, after performing the procedures in clauses 9 and 9.2.5 to resolve overlapping among PUCCHs and PUSCHs in a first slot, the UE determines a PUCCH resource for a PUCCH transmission with first HARQ-ACK information bits for SPS PDSCH receptions that the UE would report for a first time, and the PUCCH resource
-	is provided by SPS-PUCCH-AN-List as described in clause 9.2.1, or by n1PUCCH-AN if SPS-PUCCH-AN-List is not provided, and
-	overlaps with a symbol indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, or indicated for a SS/PBCH block by ssb-PositionsInBurst, or belonging to a CORESET associated with a Type0-PDCCH CSS set, or
-	overlaps with a symbol indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, or indicated for a SS/PBCH block by ssb-PositionsInBurst in any serving cell of multiple serving cells, or corresponding to a PDCCH, PDSCH, or CSI-RS reception that is configured by higher layers on the reference cell, if the UE 
[bookmark: _Hlk92728947]	-	is configured with multiple serving cells and is provided half-duplex-behavior = 'enable', and
	-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
	-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and
	-	is not configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells,
the UE 
-	determines an earliest second slot and, after performing the procedures in clauses 9 and 9.2.5 to resolve overlapping among PUCCHs and PUSCHs, a PUSCH or a PUCCH in the earliest second slot to multiplex HARQ-ACK information bits that include second HARQ-ACK information bits from the first HARQ-ACK information bits
-	if the UE detects a DCI format in a PDCCH reception that triggers a PUCCH transmission with a Type-3 HARQ-ACK codebook in a slot as described in clause 9.1.4, the UE stops the procedure to determine the earliest second slot
-	if the UE is provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern, the UE determines the earliest second slot and a corresponding cell based on the periodic cell switching pattern as described in clause 9.A
-	if the UE is provided pucch-sSCellDyn or pucch-sSCellDynDCI-1-2, the UE determines the earliest second slot and a corresponding cell based on a DCI format including a PUCCH cell indicator field, if any, as described in clause 9.A
-	the second HARQ-ACK information bits correspond to SPS PDSCH configurations with spsHARQdeferral values that are larger than or equal to a time difference, with reference to slots for PUCCH transmissions on the primary cell, between the second slot and the slot of the SPS PDSCH reception, if any
-	the PUCCH 
· does not have any symbol that overlaps with a symbol indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, or indicated for a SS/PBCH block by ssb-PositionsInBurst, or belonging to a CORESET associated with a Type0-PDCCH CSS set, if the resource of the PUCCH is provided by SPS-PUCCH-AN-List as described in clause 9.2.1, or by n1PUCCH-AN if SPS-PUCCH-AN-List is not provided
· does not have any symbol that overlaps with a symbol indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, or indicated for a SS/PBCH block by ssb-PositionsInBurst in any serving cell of multiple serving cells, or corresponding to a PDCCH, PDSCH, or CSI-RS reception that is configured by higher layers on the reference cell, if the UE 
	-	is configured with multiple serving cells and is provided half-duplex-behavior = 'enable', and
	-	is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
	-	indicates support of capability for half-duplex operation in CA with unpaired spectrum, and
	-	is not configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells,
-	the second HARQ-ACK information bits, generated as described in clause 9.1.2, are appended in a HARQ-ACK codebook the UE generates as described in clauses 9.1.2, 9.1.2.1, or 9.1.3.1
-	if the UE would receive a PDSCH providing a TB for a same HARQ process as a HARQ-ACK information bit from the second HARQ-ACK information bits prior to transmitting the PUCCH or the PUSCH, the UE does not include the HARQ-ACK information bit in the HARQ-ACK information bits.
---------------------------------- End of Text Proposal for TS 38.213 ---------------------------------------------------------
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