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1. Introduction
At RAN#88e meeting, revised WID on enhanced industrial internet of things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved with the objective as follows [1]:
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 
4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 



In this contribution, remaining issues for HARQ-ACK are discussed.

2. HARQ-ACK feedback enhancements 
2.1. Joint operation of SPS HARQ-ACK deferring and PUCCH repetition
In Rel-16, when a repetition of PUCCH resource with repetition factor larger than 1 conflicts with semi-static DL or SSB symbol, the PUCCH repetition will be postponed. Following conclusion is clarified at RAN1#106-e.
	Conclusion (RAN1#106-e)
It is clarified that a PUCCH repetition in case   (including the first PUCCH repetition) is postponed to the next available slot if the PUCCH repetition collides with SSB symbols or symbols indicated as DL by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.
· There is no consensus in RAN1 for whether or not the above case is supported in Rel-15 for the first PUCCH repetition when the PUCCH is triggered by DCI.



It can be observed that Rel-17 SPS HARQ-ACK deferring condition is a little similar to the Rel-16 PUCCH repetition postponing, with following differences for application condition:
	
	Rel-16 PUCCH repetition postponing
	Rel-17 SPS HARQ-ACK deferring

	PUCCH repetition factor condition
	PUCCH repetition factor larger than 1.
	PUCCH repetition is not considered so far.

	Collision of PUCCH resource with semi-static DL or SSB symbol
	No limitation on PUCCH resource type.
	PUCCH resource using SPS-PUCCH-AN-List-r16 or n1PUCCH-AN.

	Additional condition for HARQ-ACK bits in the PUCCH
	No additional condition.
	Only SPS HARQ-ACK bits enabled for deferral can be deferred. Maximum deferral limitation should be satisfied.



During RAN1#107-e, it was proposed to down-select from following two alternatives for joint operation of SPS HARQ-ACK deferring and PUCCH repetition, but no agreement or conclusion was achieved. 
	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 indicated 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 any further 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 any further after the first PUCCH repetition.



Alt 1 is based on the principle that R16 PUCCH repetition procedure is prioritized over R17 SPS HARQ-ACK deferral procedure, while Alt 3 prioritizes R17 SPS HARQ-ACK deferral procedure over R16 PUCCH repetition procedure. To have a better understanding on Alt 1 and Alt 3, some examples are analyzed.
In the example of figure 1 and figure 2, SPS HARQ-ACK bits enabled for deferral and SPS HARQ-ACK bits not enabled for deferral are included in the initial PUCCH slot. PUCCH resource in the initial slot has PUCCH repetition factor larger than 1.
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Figure 1: Example for Alt 1
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Figure 2: Example for Alt 3
It can be observed that for Alt 3, only SPS HARQ-ACK bits enabled for deferral can be deferred, while the SPS HARQ-ACK bit without deferral will be dropped. Therefore, Alt 3 will result in more SPS HARQ-ACK dropping than Rel-16 UE behavior.
Observation 1: If R17 SPS HARQ-ACK deferral is prioritized over R16 PUCCH repetition procedure, some SPS HARQ-ACK bits in the initial slot may be dropped, which leads to more HARQ-ACK dropping than in Rel-16.

Moreover, for the second case in Alt 1 (i.e. PUCCH repetition factor in initial slot is 1, and R17 SPS HARQ-ACK deferral is applied), target slot determination rule needs to be clarified, i.e. whether R16 PUCCH repetition procedure is prioritized also for slots other than initial slot.
· Alt 1-a: PUCCH repetition factor is taken into account when determining target slot for SPS HARQ-ACK deferral. In other words, if a slot later than initial slot doesn’t satisfy target slot condition defined for R17 SPS HARQ-ACK deferral procedure, but the PUCCH resource in this slot has PUCCH repetition factor larger than 1, the slot is determined as target slot.
· Alt 1-b: Target slot determination follows the rule defined for R17 SPS HARQ-ACK deferral procedure.
Examples in figure 3 and figure 4 can show the difference between Alt 1-a and Alt 1-b.
In figure 3, PUCCH repetition factor is taken into account when determining target slot for SPS HARQ-ACK deferral. The first DL slot after the initial PUCCH slot is determined as the target slot. Since the PUCCH resource in the target slot is invalid, R16 PUCCH repetition procedure is applied starting from this slot. When HARQ-ACK PUCCH for DG PDSCH #3 is reported in the same slot as the postponed PUCCH repetition (for deferred SPS HARQ-ACK), the later HARQ-ACK PUCCH for DG PDSCH #3 will be dropped, based on Rel-16 rule.
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Figure 3: Alt 1-a: PUCCH repetition factor is taken into account for target slot determination
In figure 4, target slot is determined without taking PUCCH repetition factor into account PUCCH repetition factor is taken into account when determining target slot for SPS HARQ-ACK deferral. The first UL slot after the initial PUCCH slot is determined as the target slot. Deferred SPS HARQ-ACK bit and the new HARQ-ACK bit for DG PUSCH#3 will be multiplexed and reported in the target slot.
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Figure 4: Alt 1-b: Target slot determination follows rule defined for R17 SPS HARQ-ACK deferral procedure
In our understanding, for Alt 1-a, the principle “R16 PUCCH repetition procedure is prioritized over R17 SPS HARQ-ACK deferral” is kept for any slot (including initial slot and later slots). While for Alt 1-b, different principles are applied for initial PUCCH slot and later slots. For invalid PUCCH resource with PUCCH repetition factor larger than 1 in initial slot, R16 repetition procedure is prioritized. However, for later slots when searching for target slot, R16 repetition procedure is not considered. Therefore, Alt 1-a is preferred.
Proposal 1: For simultaneous configuration of SPS HARQ deferral and PUCCH repetition, Alt 1 with modification is preferred:
· 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, with taking PUCCH repetition factor into account. 
· For a slot which doesn’t satisfy target slot condition defined for R17 SPS HARQ-ACK deferral procedure, but the PUCCH resource in this slot has PUCCH repetition factor larger than 1, the slot is determined as target slot.
· 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.

2.2. One-shot triggering of HARQ-ACK retransmission
2.2.1 Value range for HARQ re-Tx offset
In RAN1#107-e, it was agreed that HARQ slot offset is indicated by some unused bit field in DCI, and the value range of HARQ re-Tx offset is fixed in specification.

	Agreement (@RAN1#107-e)
Apply a 1-bit triggering DCI field for triggering indication of one-shot HARQ re-transmission on PUCCH. 
· The triggering DCI with the triggering bit set to ‘1’ is not able to schedule PDSCH. 
· Some unused bit field in the DCI is used to indicate the HARQ slot offset. 
· FFS: if the ‘one-shot HARQ-ACK request’ field can be reused
· FFS: which unsed DCI field in the DCI is used for HARQ slot offset indication
· FFS: The indication of whether the PDSCH is not scheduled will reuse Rel-16 type-3 HARQ ACK CB UE behavior
Agreement (@RAN1#107-e)
For one-shot HARQ-ACK re-transmission, the value range for HARQ re-tx offset is fixed in the specification



Many companies propose to reuse MCS field to indicate the HARQ slot offset. Value range for HARQ re-Tx offset was also discussed, but no consensus so far. In our view, If the value granularity is 1 (i.e. consecutive integer values), the gap between the largest and smallest value is 32, with the 5 bits MCS field. Therefore, “-7 or -8 as the minimum supported value” (i.e. Alt 3 for Question 10.1) and “24 as the maximum supported value” (i.e. Alt 1 for Question 10.2) is preferred. 

	Question 10.1: For one-shot HARQ-ACK re-transmission, the MINIMUM supported value (for the early triggering) for the HARQ re-tx offset is:
· Alt. 1: -31 or -32 (choose 31 or 32 to potentially use the bits efficiently)
· Alt. 2: -15 or -16
· Alt. 3: -7 or -8
· Alt. 4: -4
Question 10.2: For one-shot HARQ-ACK re-transmission, the MAXIMUM supported value for the HARQ re-tx offset is:
· Alt. 1: 24
· Alt. 2: 32
· Alt. 3: 48
· Alt. 4: 64



Proposal 2: For value range of HARQ slot offset, support -7 or -8 as the minimum value, and 24 as the maximum value. 
2.2.2 Joint operation of one-shot triggering of HARQ-ACK retransmission and SPS HARQ-ACK deferring
In RAN1#106-e, the working assumption was confirmed to support HARQ-ACK retransmission by enhanced type 3 HARQ-ACK CB with smaller size, and by one-shot triggering of HARQ-ACK retransmission. In RAN1#107-e, conclusion was made to not support simultaneous configuration of (enhanced) type 3 HARQ-ACK CB and one-shot triggering of HARQ-ACK retransmission. 
	Agreement (@RAN1#106-e)
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.

Conclusion (@RAN1#107-e)
There is no consensus to support the simultaneous configuration of the Rel-16 Type 3 HARQ-ACK CB and Rel-17 one-shot re-tx HARQ triggering for a UE in Rel-17. 

Conclusion (@RAN1#107-e)
There is no consensus to support the simultaneous configuration of the Rel-17 Enhanced Type 3 HARQ-ACK CB and Rel-17 one-shot HARQ re-tx triggering for a UE in Rel-17. 




In RAN1#106bis-e, multiplexing of initial type 1/2 HARQ-ACK bits with one-shot triggered HARQ-ACK was clarified. In RAN1#107-e, joint operation of SPS HARQ-ACK deferring and (enhanced) type 3 HARQ-ACK CB was clarified. One remaining issue needs to be clarified in RAN1#107bis-e is joint operation of SPS HARQ-ACK deferring and one-shot triggering of HARQ-ACK retransmission.
	Agreement (@RAN1#106bis-e)
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.

Agreement (@RAN1#107-e)
Support simultaneous configuration of Rel-16 Type 3 HARQ-ACK codebook or enhanced Type 3 HARQ-ACK codebook triggering and SPS HARQ-ACK deferral.
· In case a R16 Type 3 HARQ-ACK CB or an enhanced Type 3 HARQ-ACK codebook is triggered for transmission in a PUCCH slot, the UE stops the deferral procedure of pending SPS HARQ-ACK in that PUCCH slot and that PUCCH slot is not considered as a potential target slot for SPS HARQ-ACK deferral anymore.





Case 1: Deferred SPS HARQ-ACK bits to be transmitted in the same PUCCH slot as one-shot triggered new retransmission.
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Figure 5: SPS HARQ-ACK deferring and one-shot triggering of HARQ-ACK retransmission
Since separate HARQ-ACK CB generation and PUCCH resource selection will be applied for HARQ-ACK with different priorities, one-shot triggered new retransmission should not impact deferring for SPS HARQ-ACK bits with different PHY priority from the priority indicated by the triggering DCI. 
For SPS HARQ-ACK bits with the same priority as the priority indicated by the triggering DCI, similar solution as agreed for interaction of SPS HARQ-ACK deferring and (enhanced) type 3 HARQ-ACK CB can be applied, i.e. UE stops SPS HARQ-ACK deferral and the deferred SPS HARQ-ACK bits will be dropped.
Proposal 3: For joint operation of SPS HARQ-ACK deferring and one-shot triggering of HARQ-ACK retransmission,
· one-shot triggered new retransmission should not impact deferring for SPS HARQ-ACK bits with different PHY priority from the priority indicated by the triggering DCI.
· deferred SPS HARQ-ACK bits with same PHY priority as indicated by the triggering DCI will be dropped.

Case 2: The indicated “old HARQ-ACK CB” includes deferred SPS HARQ-ACK bits.
If indicated “old HARQ-ACK CB” includes deferred SPS HARQ-ACK bits, it needs to be clarified whether all HARQ-ACK bits or only initial HARQ-ACK bits in the indicated “old HARQ-ACK CB” be transmitted in the new retransmission PUCCH. From simplicity perspective, it is slightly preferred to only include initial HARQ-ACK bits in the indicated “old HARQ-ACK CB” for the new retransmission HARQ-ACK CB.
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Figure 6: The indicated “old HARQ-ACK CB” includes deferred SPS HARQ-ACK bits

Proposal 4: Only initial HARQ-ACK bits in the indicated “old HARQ-ACK CB” will be retransmitted in the new retransmission PUCCH triggered by one-shot triggering DCI.

2.3. PUCCH cell switching
PUCCH cell switching based on dynamic indication in DCI and semi-static configuration has been agreed in RAN1#105-e. Some remaining issues for PUCCH cell switching are discussed in this section, including PUCCH resource related configuration, semi-static PUCCH, joint operation of dynamic and semi-static PUCCH cell switching, PUCCH repetition handling.
2.3.1 Semi-static PUCCH cell switching
It was agreed in RAN1#105-e that semi-static PUCCH cell switching is based on a PUCCH cell timing pattern. Most issues for semi-static PUCCH cell switching have been clarified till RAN1#107-e. However, there are still some issues to be further clarified. Some further details are expected to be discussed in RAN1#107bis-e.
Slot/sub-slot configuration for PUCCH resource on multiple PUCCH cells
Considering PUCCH cell switching from one cell to another cell is based on slot/sub-slot level, it will make UE behavior simpler to keep the same sub-slot/slot configuration for corresponding priority on the multiple PUCCH cells. 
Proposal 5: Keep the same sub-slot/slot configuration for corresponding priority on the multiple PUCCH cells.

CSI reporting with semi-static PUCCH cell switching
In previous meetings, agreements have been achieved on how to perform semi-static PUCCH switching. In our understanding, the semi-static PUCCH cell switching procedure can be summarized as following:
· Step 1: Determine PUCCH reporting slot on PCell/PScell/PUCCH-Scell.
· Step 2: Determine the PUCCH reporting cell based on the PUCCH cell pattern.
· Step 3: If the PUCCH reporting cell is the alternate Scell, determine the slot for PUCCH on the alternate Scell.
· Step 4: Determine PUCCH resource on the determined PUCCH reporting cell.
However, these steps may not work for CSI reporting PUCCH, since CSI PUCCH resource determination is different from HARQ-ACK PUCCH resource determination. In Rel-15/16, HARQ-ACK PUCCH resource is determined based on HARQ-ACK slot, HARQ-ACK payload size, and PRI. While CSI PUCCH resource is determined based on CSI reporting configuration. HARQ-ACK PUCCH resource selection like rule (i.e. based on PUCCH slot and UCI size) is not applicable for CSI PUCCH (except for the case when multiple CSI reports are multiplexed in resource configured by multi-CSI-PUCCH-ResourceList).
When CSI reporting on PUCCH is configured on both PCell/PScell/PUCCH-Scell and alternate Scell, PUCCH cell pattern can be applied to determine whether CSI PUCCH will be transmitted or not. For example, if the CSI PUCCH cell is aligned with the PUCCH cell indicated by the PUCCH cell pattern for the CSI reporting timing, the CSI PUCCH can be transmitted. Otherwise, the CSI PUCCH will not be transmitted.
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Figure 7: CSI reporting with semi-static PUCCH cell switching
Proposal 6: When CSI reporting on PUCCH is configured on both PCell/PScell/PUCCH-Scell and alternate Scell, PUCCH cell pattern is applied to determine whether CSI PUCCH will be transmitted or not.
2.3.2 HARQ-ACK CB generation
At RAN1#106bis-e, there is conclusion that multiplexing of HARQ-ACK on PCell/PScell/PUCCH-Scell with HARQ-ACK on dynamically indicated PUCCH cell. Based on the conclusion, type 1 and type 2 HARQ-ACK CB generation is proposed.
· For Type 2 HARQ-ACK CB generation, 
· Rel-15/16 rule based on DAI counter can be reused.
· For Type 1 HARQ-ACK CB generation,
· For dynamic PUCCH cell switching,
· Rel-15/16 type 1 HARQ-ACK CB generation procedure can be reused, based on K1 set configured for the PUCCH reporting cell.
· For semi-static PUCCH cell switching,
· If HARQ-ACK PUCCH is reported on Pcell/PScell/PUCCH-Scell, it is straightforward to generate Type 1 HARQ-ACK CB based on K1 sets configured on PCell/PScell/PUCCH-Scell.
· If HARQ-ACK PUCCH is reported on Scell which is indicated by semi-static PUCCH cell pattern, since the HARQ-ACK is mapped from PCell/PScell/PUCCH-Scell, Type 1 HARQ-ACK CB can also be based on K1 sets configured on PCell/PScell/PUCCH-Scell.

Proposal 7: If dynamic and/or semi-static PUCCH cell switching is/are enabled,
· For Type 2 HARQ-ACK CB generation, 
· Rel-15/16 rule based on DAI counter can be reused.
· For Type 1 HARQ-ACK CB generation,
· For dynamic PUCCH cell switching, 
· Type 1 HARQ-ACK CB generation is based on K1 set configured for the PUCCH reporting cell.
· For semi-static PUCCH cell switching,
· Type 1 HARQ-ACK CB generation is based on K1 sets configured on PCell/PScell/PUCCH-Scell.

2.3.3 Handling for PUCCH repetition and PUCCH cell switching
If semi-static PUCCH cell switching is enabled, one possible case is that the target PUCCH cells are different for different PUCCH repetitions based on the configured semi-static PUCCH cell pattern. UE behavior should be clarified for such case. 
If the PUCCH is associated with DCI, gNB may avoid such case by proper scheduling. However, for PUCCH without associated DCI, the case may still occur. Two options can be considered for this case:
Option 1: Separately perform cell switching for each PUCCH repetition to its corresponding target PUCCH cell.
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Figure 8: option 1 for PUCCH repetition and PUCCH cell switching
Option 2: Drop a PUCCH repetition if it corresponds to a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition.
[image: 条形图

描述已自动生成]
Figure 9: option 2 for PUCCH repetition and PUCCH cell switching
Option 2 is obviously simpler than option 1 without cell switching for multiple times. Furthermore, PUCCH coding parameters for PUCCH resource of repetitions on different PUCCH cells may be different, which makes soft combining gain not available. It’s not clear how much benefit of option 2 can be achieved with more complex UE behavior. Therefore, option 1 is preferred.
Proposal 8: If semi-static PUCCH cell switching is enabled, a PUCCH repetition mapping to a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition will be dropped.
2.3.4 Joint operation of SPS HARQ-ACK deferring and dynamic PUCCH cell switching
In RAN1#107-e, joint operation of SPS HARQ-ACK deferring and semi-static PUCCH cell switching was agreed, while no conclusion was achieved for joint operation of SPS HARQ-ACK deferring and dynamic PUCCH cell switching. 
	Agreement (@RAN1#107-e)
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



Different from semi-static PUCCH cell switching, there is no PUCCH cell pattern for dynamic PUCCH cell switching. Therefore, SPS HARQ-ACK deferring is always on PCell/PScell/PUCCH-Scell. Since multiplexing with dynamic HARQ-ACK is taken into account for target slot determination, considering UCI multiplexing across different cells is not supported according to RAN1#107-e conclusion, whether and how inter-cell PUCCH overlapping needs to be considered/handled for target slot determination needs to be clarified. 
	Conclusion (@RAN1#107-e)
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 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.



For example, in figure 10, if dynamic PUCCH cell switching is not considered, UE will determine the first UL slot on PCell as target slot. However, if there is dynamic HARQ-ACK on Scell #1 overlapping with the first UL slot on PCell, since inter-cell HARQ-ACK overlapping is not expected, will UE stop SPS HARQ-ACK deferring (i.e. all deferred SPS HARQ-ACK bits are dropped), or will UE skip the first UL slot (i.e. UE will determine the second UL slot on Pcell as target slot), or will UE consider it as error case?
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Figure 10: SPS HARQ-ACK deferring and dynamic PUCCH cell switching
Considering it may need much time to reach consensus on remaining issues, it’s preferred not to support joint operation of SPS HARQ-ACK deferring and dynamic PUCCH cell switching.
Proposal 9: Joint operation of SPS HARQ-ACK deferring and dynamic PUCCH cell switching is NOT supported.
3. Conclusion
In this contribution, we discussed the UE feedback enhancements for HARQ-ACK for eIIoT/URLLC. We have the following observation:
Observation 1: If R17 SPS HARQ-ACK deferral is prioritized over R16 PUCCH repetition procedure, some SPS HARQ-ACK bits in the initial slot may be dropped, which leads to more HARQ-ACK dropping than in Rel-16.
Based on the discussion, we made following proposals.
Proposal 1: For simultaneous configuration of SPS HARQ deferral and PUCCH repetition, Alt 1 with modification is preferred:
· 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, with taking PUCCH repetition factor into account. 
· For a slot which doesn’t satisfy target slot condition defined for R17 SPS HARQ-ACK deferral procedure, but the PUCCH resource in this slot has PUCCH repetition factor larger than 1, the slot is determined as target slot.
· 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 value range of HARQ slot offset, support -7 or -8 as the minimum value, and 24 as the maximum value. 
Proposal 3: For joint operation of SPS HARQ-ACK deferring and one-shot triggering of HARQ-ACK retransmission,
· one-shot triggered new retransmission should not impact deferring for SPS HARQ-ACK bits with different PHY priority from the priority indicated by the triggering DCI.
· deferred SPS HARQ-ACK bits with same PHY priority as indicated by the triggering DCI will be dropped.

Proposal 4: Only initial HARQ-ACK bits in the indicated “old HARQ-ACK CB” will be retransmitted in the new retransmission PUCCH triggered by one-shot triggering DCI.
Proposal 5: Keep the same sub-slot/slot configuration for corresponding priority on the multiple PUCCH cells.
Proposal 6: When CSI reporting on PUCCH is configured on both PCell/PScell/PUCCH-Scell and alternate Scell, PUCCH cell pattern is applied to determine whether CSI PUCCH will be transmitted or not.
Proposal 7: If dynamic and/or semi-static PUCCH cell switching is/are enabled,
· For Type 2 HARQ-ACK CB generation, 
· Rel-15/16 rule based on DAI counter can be reused.
· For Type 1 HARQ-ACK CB generation,
· For dynamic PUCCH cell switching, 
· Type 1 HARQ-ACK CB generation is based on K1 set configured for the PUCCH reporting cell.
· For semi-static PUCCH cell switching,
· Type 1 HARQ-ACK CB generation is based on K1 sets configured on PCell/PScell/PUCCH-Scell.

Proposal 8: If semi-static PUCCH cell switching is enabled, a PUCCH repetition mapping to a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition will be dropped.
Proposal 9: Joint operation of SPS HARQ-ACK deferring and dynamic PUCCH cell switching is NOT supported.
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