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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 after RAN1#108-e are discussed.

2. HARQ-ACK feedback enhancements 
2.1. PUCCH cell switching
Most issues on PUCCH cell switching have been resolved after RAN1#108-e. While there are still some issues to be further clarified, including CSI/SR reporting in semi-static PUCCH cell switching case, SPS operation in dynamic PUCCH cell switching case, UCI/PUSCH multiplexing in dynamic PUCCH cell switching case, joint operation of PUCCH repetition with PUCCH cell switching. 
2.1.1 Semi-static PUCCH cell switching
As agreed in RAN1#106-e, semi-static PUCH cell switching is applicable to all UCI types including SR and CSI. As in the latest version of TS 38.213 v17.1.0, SR and CSI operation with PUCCH cell switching pattern is not clear enough. For example, how to understand “Each bit of the pattern corresponds to a slot for a reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell with a value of '0' or a value of '1' indicating, respectively, the PCell or the PUCCH-sSCell as the cell for PUCCH transmissions during the slot of the reference SCS configuration.” in section9.A for CSI/SR PUCCH? From our perspective, there may be two different understandings:
Alt-A: If there is a SR/CSI resource in a slot on PCell (or PUCCH-sSCell), while the pattern indicates PUCCH-sScell (or PCell) is the cell for PUCCH transmissions during the slot of the reference SCS configuration, the SR/CSI PUCCH will be switched to be transmitted on the  PUCCH-sScell (or PCell). As an example in Fig 1, CSI report #1 and CSI report #3 configured on cell #1 are switched to be transmitted on cell #2.
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Fig 1: Alt-A for CSI/SR PUCCH cell switching
Alt-B: If there is a SR/CSI resource in a slot on PCell (or PUCCH-sSCell), while the pattern indicates PUCCH-sScell (or PCell) is the cell for PUCCH transmissions during the slot of the reference SCS configuration, the SR/CSI PUCCH will not be transmitted. As an example in Fig 2, CSI report #1 and CSI report #3 configured on cell #1 are not transmitted.
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Fig 2: Alt-B for CSI/SR PUCCH cell switching

Alt-A requires further clarification how to switch CSI/SR from one cell to the other cell. Unlike HARQ-ACK resource determination, which is based on HARQ-ACK slot, HARQ-ACK payload size and PRI, CSI/SR PUCCH resource is determined based on CSI reporting/SR resource configuration. The cell switching procedure for HARQ-ACK is not applicable for CSI/SR PUCCH. Alt-B is the simplest solution, with the PUCCH cell pattern 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.
Therefore, we propose following TP in section 9.A of TS 38.213 v17.1.0:
	<unchanged part omitted>
[bookmark: _Toc99993808]9.A	PUCCH cell switching
This clause is applicable when a UE is provided a PUCCH-sSCell by pucch-sSCell and the PUCCH-sSCell is activated and does not have a dormant UL/DL active BWP. 
A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of the pattern corresponds to a slot for a reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell with a value of '0' or a value of '1' indicating, respectively, the PCell or the PUCCH-sSCell as the cell for PUCCH transmissions during the slot of the reference SCS configuration. For a CSI/SR PUCCH resource in a slot on a cell different from the indicated PUCCH transmission cell during the slot of the reference SCS configuration, the CSI/SR PUCCH would not be transmitted. A slot on the active UL BWP of the PUCCH-sSCell does not overlap with more than one slot on the active UL BWP of the Pcell. If a slot for the active UL BWP of the PCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell and the UE would transmit a PUCCH on the PUCCH-sSCell, the UE considers the first of the overlapping slots for the PUCCH transmission on the PUCCH-sSCell.
<unchanged part omitted>



Proposal 1: For a CSI/SR PUCCH resource in a slot on a cell different from the indicated PUCCH transmission cell during the slot of the reference SCS configuration, CSI/SR would not be transmitted. TP#1 is adopted.
TP#1:
	<unchanged part omitted>
9.A	PUCCH cell switching
This clause is applicable when a UE is provided a PUCCH-sSCell by pucch-sSCell and the PUCCH-sSCell is activated and does not have a dormant UL/DL active BWP. 
A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of the pattern corresponds to a slot for a reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell with a value of '0' or a value of '1' indicating, respectively, the PCell or the PUCCH-sSCell as the cell for PUCCH transmissions during the slot of the reference SCS configuration. For a CSI/SR PUCCH resource in a slot on a cell different from the indicated PUCCH transmission cell during the slot of the reference SCS configuration, CSI/SR would not be transmitted. A slot on the active UL BWP of the PUCCH-sSCell does not overlap with more than one slot on the active UL BWP of the Pcell. If a slot for the active UL BWP of the PCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell and the UE would transmit a PUCCH on the PUCCH-sSCell, the UE considers the first of the overlapping slots for the PUCCH transmission on the PUCCH-sSCell.
<unchanged part omitted>



2.1.2 SPS operation for dynamic PUCCH cell switching
To determine PUCCH transmission cell for SPS PDSCHs, three alternatives were discussed in RAN1#107bis-e.

	Proposal 5: For dynamic PUCCH cell switching, 
· [bookmark: _Hlk93395979]Alt. 1: 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). 
· Alt. 2: the HARQ-ACK of SPS PDSCH without associated DCI (including the first SPS PDSCH activated by Activation DCI) is to be transmitted on the dynamically indicated PUCCH cell in the SPS activation DCI . 
· Alt. 3: the HARQ-ACK of SPS PDSCH without associated DCI (including the first SPS PDSCH activated by Activation DCI) is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI 
· Note: This changes an earlier agreement in terms of handling for the the first SPS PDSCH activated by Activation DCI



This issue is related with HARQ-ACK operation for the first SPS PDSCH activated by DCI, discussed in Rel-16 CR. According to the agreement in RAN1#108-e, HARQ-ACK for the first SPS PDSCH is treated equally as all other SPS PDSCH HARQ. 

	Agreement
The TP for SPS PDSCH activation and PUCCH resource selection for the 1st SPS PDSCH is endorsed in R1-2202898 (TS38.213, Rel-16, CR#0286, Cat. F), R1-2202899 (TS38.213, Rel-17, CR#0287, Cat. A).



With same principle, PUCCH transmission cell of HARQ-ACK for the first SPS PDSCH should be the same as PUCCH transmission cell of other SPS PDSCH HARQ-ACK. Therefore, Alt 1 should be excluded. Considering HARQ-ACK slot overlapping on different cells is not allowed, Alt 2 may cause problems for gNB implementation. Therefore, we support Alt 3, i.e. HARQ-ACK of first SPS PDSCH and other SPS PDSCHs are transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Following TP is proposed.

	<unchanged part omitted>
9.A	PUCCH cell switching
A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of the pattern corresponds to a slot for a reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell with a value of '0' or a value of '1' indicating, respectively, the PCell or the PUCCH-sSCell as the cell for PUCCH transmissions during the slot of the reference SCS configuration. A slot on the active UL BWP of the PUCCH-sSCell does not overlap with more than one slot on the active UL BWP of the Pcell. If a slot for the active UL BWP of the PCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell and the UE would transmit a PUCCH on the PUCCH-sSCell, the UE considers the first of the overlapping slots for the PUCCH transmission on the PUCCH-sSCell.
If a UE is provided pucch-sSCellDyn or pucch-sSCellDynDCI-1-2, a corresponding DCI format associated with generation of HARQ-ACK information by the UE can include a PUCCH cell indicator field [5, TS 38.212] with a value of '0' or a value of '1' indicating, respectively, whether a PUCCH transmission with the HARQ-ACK information by the UE is on the Pcell or on the PUCCH-sSCell. If a DCI format is validated to activate SPS PDSCH reception as in clause 10.2, the PUCCH cell indicator field is not applied to HARQ-ACK of any SPS PDSCH.
<unchanged part omitted>




Proposal 2: Support HARQ-ACK of SPS PDSCH without associated DCI (including the first SPS PDSCH activated by Activation DCI) to be transmitted on PCell / SPCell / PUCCH-SCell. TP#2 is adopted.
TP#2:
	<unchanged part omitted>
9.A	PUCCH cell switching
A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of the pattern corresponds to a slot for a reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell with a value of '0' or a value of '1' indicating, respectively, the PCell or the PUCCH-sSCell as the cell for PUCCH transmissions during the slot of the reference SCS configuration. A slot on the active UL BWP of the PUCCH-sSCell does not overlap with more than one slot on the active UL BWP of the Pcell. If a slot for the active UL BWP of the PCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell and the UE would transmit a PUCCH on the PUCCH-sSCell, the UE considers the first of the overlapping slots for the PUCCH transmission on the PUCCH-sSCell.
If a UE is provided pucch-sSCellDyn or pucch-sSCellDynDCI-1-2, a corresponding DCI format associated with generation of HARQ-ACK information by the UE can include a PUCCH cell indicator field [5, TS 38.212] with a value of '0' or a value of '1' indicating, respectively, whether a PUCCH transmission with the HARQ-ACK information by the UE is on the Pcell or on the PUCCH-sSCell. If a DCI format is validated to activate SPS PDSCH reception as in clause 10.2, the PUCCH cell indicator field is not applied to HARQ-ACK of any SPS PDSCH.
<unchanged part omitted>



2.1.3 UCI/PUSCH multiplexing for dynamic PUCCH cell switching
In previous meetings, conclusion was made that multiplexing of UCI on Pcell/PScell/PUCCH-SCell and HARQ-ACK on dynamically indicated PUCCH cell into a PUCCH was not supported. For better clarification, we propose to capture the conclusion by TP.

	Conclusion (@RAN1#106bis-e)
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

Agreement (@RAN1#108-e)
For dynamic PUCCH cell switching and Rel-16 PHY prioritization (if any), the earlier RAN1 conclusion is updated with the following changes in red 
	Conclusion
For dynamic PUCCH cell switching, the UE does not expect a PUCCH slot with UCI of a certain PHY priority on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK of the same or different PHY priority 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.






Based on the principle that multiplexing of UCI on Pcell/PScell/PUCCH-SCell and HARQ-ACK on dynamically indicated PUCCH cell into a PUCCH was not supported, it seems straightforward to not support multiplexing of UCI on Pcell/PScell/PUCCH-SCell and HARQ-ACK on dynamically indicated PUCCH cell into a PUSCH. For the example in Fig3, it is allowed case if only considering UCI multiplexing on PUCCH limitation, while it is error case if also considering UCI multiplexing on PUSCH limitation.
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Fig 3: UCI on Pcell and HARQ-ACK on dynamically indicated PUCCH cell are multiplexed into a PUSCH

Proposal 3: For dynamic PUCCH cell switching, adopt TP#3.
TP#3:
	<unchanged part omitted>
9.A	PUCCH cell switching
A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of the pattern corresponds to a slot for a reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell with a value of '0' or a value of '1' indicating, respectively, the PCell or the PUCCH-sSCell as the cell for PUCCH transmissions during the slot of the reference SCS configuration. A slot on the active UL BWP of the PUCCH-sSCell does not overlap with more than one slot on the active UL BWP of the Pcell. If a slot for the active UL BWP of the PCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell and the UE would transmit a PUCCH on the PUCCH-sSCell, the UE considers the first of the overlapping slots for the PUCCH transmission on the PUCCH-sSCell.
If a UE is provided pucch-sSCellDyn or pucch-sSCellDynDCI-1-2, a corresponding DCI format associated with generation of HARQ-ACK information by the UE can include a PUCCH cell indicator field [5, TS 38.212] with a value of '0' or a value of '1' indicating, respectively, whether a PUCCH transmission with the HARQ-ACK information by the UE is on the Pcell or on the PUCCH-sSCell. If PUCCH-sScell is indicated for PUCCH transmission, UE does not expect a PUCCH slot with UCI on PCell to overlap with the PUCCH slot on the PUCCH-sScell. UE does not expect UCI on Pcell and HARQ-ACK indicated on PUCCH-sScell to be multiplexed into the same PUSCH.
<unchanged part omitted>




2.1.4 Joint operation of PUCCH repetition and PUCCH cell switching
Joint operation of PUCCH cell switching and PUCCH repetition were discussed in previous meeting, but still no consensus reached. In our understanding, PUCCH cells switching and PUCCH repetition are both useful features for IIoT/URLLC service. It is not preferred to exclude joint operation/configuration.  
PUCCH repetition and dynamic PUCCH cell switching
For dynamic PUCCH cell switching case, it is straightforward that the indicated cell applies to each PUCCH repetition. We don’t see any issue for such simple solution. 
PUCCH repetition and semi-static PUCCH cell switching
For joint operation of PUCCH repetition and semi-static PUCCH cell switching, whether to support cell switching within a repetition bundle has been discussed for several meetings, as the following Alt 1 and Alt 2. According to discussions in RAN1#108-e, the only possibility to support joint operation of PUCCH repetition and PUCCH cell switching is Alt 1, since there is strong objection to Alt 2. 
	Alt.1: For semi-static PUCCH cell switching, allow cell switching within a repetition bundle. 
· Alt. 1A: In case of more than one overlapping PUCCH slot on the PUCCH SCell  with a single PUCCH slot on Pcell, the PUCCH repetition is mapped only on the first overlapping PUCCH slot on the PUCCH sSCell. 
· Note: this is aligned with the agreed mapping in case of shorter PUCCH cell length on PUCCH Scell 
· Alt. 1B: In case of more than one overlapping PUCCH slot on the PUCCH SCell with a single PUCCH slot on PCell, PUCCH repetitions are mapped to each of the overlapping PUCCH slot on the PUCCH sSCell.
[image: ]
Alt 2: 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.
· Alt. 2A: 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:
[image: ]
· Alt. 2B: A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and the PUCCH repetition is dropped (i.e. total number of repetitions not guaranteed). Example figure for 4 repetitions where in total only 3 repetitions are transmitted:
[image: ]



The main benefit of Alt 1 is lower latency and guaranteed number of PUCCH repetitions. Regarding Alt-1A or Alt-1B, we prefer Alt-1B to fully use UL slot resource to reduce PUCCH repetition latency. The main issue of Alt 1 (i.e. support cell switching within a repetition bundle) is how to determine PUCCH resource on the other cell than the cell of the first PUCCH repetition. 
· Opt-1: Determine PUCCH resource on each cell separately, i.e. based on UCI payload size, and PRI. For this case, in order to maintain soft combining gain for polar coding case, same number of REs for PUCCH resources on the two cells should be guaranteed. On the other hand, same PUCCH repetition factor for PUCCH resources on the two cells is also desired to avoid . 
· Opt-2: PUCCH resource on the other cell than the first repetition cell is determined based on PUCCH resource of the first repetition, i.e. same starting symbol, same PUCCH length, same coding parameter, same RB number with with same starting RB offset, etc.
Opt-2 is applicable to PUCCH repetition with any UCI type including HARQ-ACK, CSI and SR. However, opt-1 may not be applicable to CSI/SR PUCCH handling. Unlike HARQ-ACK PUCCH resource selection based on UCI payload size and PRI, CSI/SR PUCCH transmission are based on CSI PUCCH report configuration or SR resource configuration, in Rel-15/16. 
If opt-1 is selected in the last, special handling needs to be defined for CSI/SR. For example:
· Opt-1 is only applied to HARQ-ACK PUCCH, and opt-2 is applied to CSI/SR PUCCH, OR
· Alt 1 (cell switching within a repetition bundle) is not supported for CSI/SR PUCCH repetition. 
· Joint operation of PUCCH repetition and semi-static PUCCH repetition is not supported for CSI/SR PUCCH.
With above analysis, in order to apply unified solution to PUCCH repetition for all UCI types, we slightly prefer Opt-2 for resource determination. Moreover, if opt-2 is adopted, PUCCH repetition resource determination procedure in section 9.2.6 can be mostly reused.
Proposal 4: Support joint operation of PUCCH repetition and PUCCH cell switching.
· For dynamic PUCCH cell switching case, each PUCCH repetition is transmitted on the cell indicated by the DCI.
· For semi-static PUCCH cell switching case, support Alt 1B (i.e. cell switching within one PUCCH repetition bundle, and PUCCH repetitions overlapping with multiple Scell slots can be mapped to each overlapping slot until repetition factor is reached).
· PUCCH resource on the other cell than the first repetition cell is determined based on PUCCH resource of the first repetition, i.e. same starting symbol, same PUCCH length, same coding parameter, same RB number with same starting RB offset.
· TP #4 is adopted.
TP#4:
	<unchanged part omitted>
[bookmark: _Toc12021483][bookmark: _Toc20311595][bookmark: _Toc26719420][bookmark: _Toc29894855][bookmark: _Toc29899154][bookmark: _Toc29899572][bookmark: _Toc29917309][bookmark: _Toc36498183][bookmark: _Toc45699210][bookmark: _Toc99993831]9.2.6	PUCCH repetition procedure
[bookmark: _Hlk86776043]A UE can be indicated to transmit a PUCCH over  slots using a PUCCH resource, where
-	if the PUCCH resource is indicated by a DCI format and includes PUCCH-nrofSlots,  is provided by PUCCH-nrofSlots
-	otherwise,  is provided by nrofSlot
If the UE is provided subslotLengthForPUCCH, a slot for a PUCCH transmission with repetitions over  slots includes a number of symbols indicated by subslotLengthForPUCCH. 
If UE is provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern, the UE determines the  slots and corresponding cell based on the periodic cell switching pattern as described in clause 9.A. If UE is not provided pucch-sSCellPattern, UE determines each repetition on the same cell as the first repetition.
For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
-	a repetition of the PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols
-	a repetition of the PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex if subslotLengthForPUCCH is not provided; otherwise mod(startingSymbolIndex, subslotLengthForPUCCH)
-	the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for repetitions of the PUCCH transmission in different slots
-	if the UE is configured to perform frequency hopping for repetitions of a PUCCH transmission across slots and the UE is not provided PUCCH-DMRS-Bundling = 'enabled'
-	the UE performs frequency hopping per slot
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots with even number and starting from a second PRB, provided by secondHopPRB, in slots with odd number. The slot indicated to the UE for the first repetition of the PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot
-	the UE does not expect to be configured to perform frequency hopping for a repetition of the PUCCH transmission within a slot
-	if the UE is configured to perform frequency hopping for repetitions of a PUCCH transmission across slots and the UE is provided PUCCH-DMRS-Bundling = 'enabled' 
-	the UE performs frequency hopping per interval of  consecutive slots, that start from a slot indicated to the UE and where the UE would transmit a first repetition of the PUCCH, where  is the value of PUCCH-Frequencyhopping-Interval, if provided; otherwise,  is the value of PUCCH-TimeDomainWindowLength
-	the UE transmits the PUCCH over intervals until the UE transmits the PUCCH in  slots, where the first interval has number 0 and each subsequent interval is counted regardless of whether or not the UE transmits the PUCCH in a slot
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in intervals with even number and starting from a second PRB, provided by secondHopPRB, in intervals of frequency hopping intervals with odd number
-	the UE does not expect to be configured to perform frequency hopping for a repetition of the PUCCH transmission within a slot
-	if the UE is not configured to perform frequency hopping for repetitions of a PUCCH transmission across slots and the UE is configured to perform frequency hopping for a repetition of the PUCCH transmission within a slot, the frequency hopping pattern between the first PRB and the second PRB is same within each slot 
<unchanged part omitted>



2.2. Joint operation of one-shot HARQ-ACK retransmission and multi-DCI based multi-TRP
For one-shot triggered HARQ-ACK retransmission, the HARQ-ACK CB to be retransmitted is determined based on the indicated HARQ_retx_offset. In RAN1#108-e, some companies proposed that further clarification is needed for multi-DCI based multi-TRP case. In multi-DCI based multi-TRP case, there are two HARQ-ACK feedback modes, i.e. separate HARQ-ACK feedback and joint feedback. 
· If ackNackFeedbackMode = separate, there can be HARQ-ACK CB PUCCHs for two TRPs in the same slot. It needs further clarification whether only one PUCCH is retransmitted or PUCCH transmissions for both TRPs are retransmitted. To simplify UE behavior, we think it is more reasonable to retransmit the HARQ-ACK CB for the TRP corresponding to the CORESETPoolIndex of the one-shot triggering DCI. 
· If ackNackFeedbackMode = joint, only one HARQ-ACK CB including HARQ-ACK information for both TRPs in one slot. Therefore, it is straightforward that HARQ-ACK information for both TPRs in the HARQ-ACK CB in the indicated slot will be retransmitted.
Proposal 5: For multi-DCI based multi-TRP case,
· If ackNackFeedbackMode = joint, HARQ-ACK information for both TPRs in the HARQ-ACK CB in the indicated slot will be retransmitted.
· If ackNackFeedbackMode = separate, HARQ-ACK CB for the TRP corresponding to the CORESETPoolIndex of the one-shot triggering DCI.
· TP#5 is adopted.
TP#5:
	<unchanged part omitted>
[bookmark: _Toc99993819]9.1.5	HARQ-ACK codebook retransmission 
With reference to slots of PUCCH transmissions on the primary cell and for Type-1 or Type-2 HARQ-ACK codebooks, a UE that transmitted or would transmit a PUCCH or a PUSCH with a first HARQ-ACK codebook in slot  can be indicated by a DCI format with CRC scrambled by a C-RNTI or a MCS-C-RNTI that does not schedule a PDSCH reception [4, TS 38.212] and is received in a PDCCH ending in slot , to transmit a PUCCH with the first HARQ-ACK codebook in slot , where slot  is after slot . The UE determines  and a resource for the PUCCH transmission as described in clauses 9.2.3 and 9.2.5. If the UE is provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern, the UE further determines a corresponding cell based on the periodic cell switching pattern as described in clause 9.A.
If the pdsch-HARQ-ACK-retx or pdsch-HARQ-ACK-retxDCI-1-2 field value in the DCI format 1_1 or 1_2, respectively, is '1', the UE determines slot  as  where  is determined by a one-to-one mapping in ascending order among the values of the MCS field in the DCI format 1_1 or 1_2 and the values from -7 to 24.
If the DCI format 1_1 or 1_2 includes a priority indicator field having a value, a priority value of first HARQ-ACK information in the first HARQ-ACK codebook is same as the value of the priority indicator field; otherwise, the priority value of the first HARQ-ACK information is zero.
If a UE
-	is not provided coresetPoolIndex or is provided coresetPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided coresetPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ackNackFeedbackMode = separate
the first HARQ-ACK codebook is the HARQ-ACK codebook associated with the first CORESETs on on active DL BWPs of serving cells if the DCI format 1_1 or 1_2 belongs to the first CORESETs. Otherwise if the DCI format 1_1 or 1_2 belongs to the second CORESETs, the first HARQ-ACK codebook is the  HARQ-ACK codebook associated with the second CORESETs on on active DL BWPs of serving cells.
If the UE would also multiplex in the PUCCH transmission in slot  a second HARQ-ACK codebook with second HARQ-ACK information of same priority value as for the first HARQ-ACK information in the first HARQ-ACK codebook, the UE appends the first HARQ-ACK codebook to the second HARQ-ACK codebook. The UE determines to multiplex the second HARQ-ACK information in the PUCCH transmission in slot  as described in clause 9.2.3.
If in slot  the UE performs a procedure for deferring first HARQ-ACK information for SPS PDSCH receptions, as described in clause 9.2.5.4, and the first HARQ-ACK information has same priority value as a priority value indicated by the DCI format triggering the PUCCH transmission in slot , the UE multiplexes in the PUCCH transmission in slot  second HARQ-ACK information with the priority value that results in slot  according to the procedure in this clause, by appending the first HARQ-ACK information to the second HARQ-ACK information. If the UE would also multiplex in the PUCCH transmission in slot  third HARQ-ACK information with the priority value, the UE appends the second HARQ-ACK information followed by the first HARQ-ACK information to the third HARQ-ACK information. The UE determines to multiplex the third HARQ-ACK information in the PUCCH transmission in slot  as described in clause 9.2.3.
If in slot  the UE would transmit a first PUCCH with first HARQ-ACK information over more than one slot and a second PUCCH with second HARQ-ACK information over one or more slots, where the first and second HARQ-ACK information have same priority value, the UE multiplexes in the PUCCH transmission in slot  one of
-	the first HARQ-ACK information if the first PUCCH starts at an earlier slot than the second PUCCH, or
-	the second HARQ-ACK information if the second PUCCH starts at an earlier slot than the first PUCCH.
<unchanged part omitted>



3. Conclusion
In this contribution, we discussed the UE feedback enhancements for HARQ-ACK for eIIoT/URLLC. We have the following proposals:
Proposal 1: For a CSI/SR PUCCH resource in a slot on a cell different from the indicated PUCCH transmission cell during the slot of the reference SCS configuration, CSI/SR would not be transmitted. TP#1 is adopted.
Proposal 2: Support HARQ-ACK of SPS PDSCH without associated DCI (including the first SPS PDSCH activated by Activation DCI) to be transmitted on PCell / SPCell / PUCCH-SCell. TP#2 is adopted.
Proposal 3: For dynamic PUCCH cell switching, adopt TP#3.
Proposal 4: Support joint operation of PUCCH repetition and PUCCH cell switching.
· For dynamic PUCCH cell switching case, each PUCCH repetition is transmitted on the cell indicated by the DCI.
· For semi-static PUCCH cell switching case, support Alt 1B (i.e. cell switching within one PUCCH repetition bundle, and PUCCH repetitions overlapping with multiple Scell slots can be mapped to each overlapping slot until repetition factor is reached).
· PUCCH resource on the other cell than the first repetition cell is determined based on PUCCH resource of the first repetition, i.e. same starting symbol, same PUCCH length, same coding parameter, same RB number with same starting RB offset.
· TP #4 is adopted.
Proposal 5: For multi-DCI based multi-TRP case,
· If ackNackFeedbackMode = joint, HARQ-ACK information for both TPRs in the HARQ-ACK CB in the indicated slot will be retransmitted.
· If ackNackFeedbackMode = separate, HARQ-ACK CB for the TRP corresponding to the CORESETPoolIndex of the one-shot triggering DCI.
· TP#5 is adopted.

4. Proposed TPs
4.1. TP#1
	<unchanged part omitted>
9.A	PUCCH cell switching
This clause is applicable when a UE is provided a PUCCH-sSCell by pucch-sSCell and the PUCCH-sSCell is activated and does not have a dormant UL/DL active BWP. 
A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of the pattern corresponds to a slot for a reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell with a value of '0' or a value of '1' indicating, respectively, the PCell or the PUCCH-sSCell as the cell for PUCCH transmissions during the slot of the reference SCS configuration. For a CSI/SR PUCCH resource in a slot on a cell different from the indicated PUCCH transmission cell during the slot of the reference SCS configuration, CSI/SR would not be transmitted. A slot on the active UL BWP of the PUCCH-sSCell does not overlap with more than one slot on the active UL BWP of the Pcell. If a slot for the active UL BWP of the PCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell and the UE would transmit a PUCCH on the PUCCH-sSCell, the UE considers the first of the overlapping slots for the PUCCH transmission on the PUCCH-sSCell.
<unchanged part omitted>



4.2. TP#2
	<unchanged part omitted>
9.A	PUCCH cell switching
A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of the pattern corresponds to a slot for a reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell with a value of '0' or a value of '1' indicating, respectively, the PCell or the PUCCH-sSCell as the cell for PUCCH transmissions during the slot of the reference SCS configuration. A slot on the active UL BWP of the PUCCH-sSCell does not overlap with more than one slot on the active UL BWP of the Pcell. If a slot for the active UL BWP of the PCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell and the UE would transmit a PUCCH on the PUCCH-sSCell, the UE considers the first of the overlapping slots for the PUCCH transmission on the PUCCH-sSCell.
If a UE is provided pucch-sSCellDyn or pucch-sSCellDynDCI-1-2, a corresponding DCI format associated with generation of HARQ-ACK information by the UE can include a PUCCH cell indicator field [5, TS 38.212] with a value of '0' or a value of '1' indicating, respectively, whether a PUCCH transmission with the HARQ-ACK information by the UE is on the Pcell or on the PUCCH-sSCell. If a DCI format is validated to activate SPS PDSCH reception as in clause 10.2, the PUCCH cell indicator field is not applied to HARQ-ACK of any SPS PDSCH.
<unchanged part omitted>



4.3. TP#3
	<unchanged part omitted>
9.A	PUCCH cell switching
A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of the pattern corresponds to a slot for a reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell with a value of '0' or a value of '1' indicating, respectively, the PCell or the PUCCH-sSCell as the cell for PUCCH transmissions during the slot of the reference SCS configuration. A slot on the active UL BWP of the PUCCH-sSCell does not overlap with more than one slot on the active UL BWP of the Pcell. If a slot for the active UL BWP of the PCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell and the UE would transmit a PUCCH on the PUCCH-sSCell, the UE considers the first of the overlapping slots for the PUCCH transmission on the PUCCH-sSCell.
If a UE is provided pucch-sSCellDyn or pucch-sSCellDynDCI-1-2, a corresponding DCI format associated with generation of HARQ-ACK information by the UE can include a PUCCH cell indicator field [5, TS 38.212] with a value of '0' or a value of '1' indicating, respectively, whether a PUCCH transmission with the HARQ-ACK information by the UE is on the Pcell or on the PUCCH-sSCell. If PUCCH-sScell is indicated for PUCCH transmission, UE does not expect a PUCCH slot with UCI on PCell to overlap with the PUCCH slot on the PUCCH-sScell. UE does not expect UCI on Pcell and HARQ-ACK indicated on PUCCH-sScell to be multiplexed into the same PUSCH.
<unchanged part omitted>



4.4. TP#4
	<unchanged part omitted>
9.2.6	PUCCH repetition procedure
A UE can be indicated to transmit a PUCCH over  slots using a PUCCH resource, where
-	if the PUCCH resource is indicated by a DCI format and includes PUCCH-nrofSlots,  is provided by PUCCH-nrofSlots
-	otherwise,  is provided by nrofSlot
If the UE is provided subslotLengthForPUCCH, a slot for a PUCCH transmission with repetitions over  slots includes a number of symbols indicated by subslotLengthForPUCCH. 
If UE is provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern, the UE determines the  slots and corresponding cell based on the periodic cell switching pattern as described in clause 9.A. If UE is not provided pucch-sSCellPattern, UE determines each repetition on the same cell as the first repetition.
For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
-	a repetition of the PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols
-	a repetition of the PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex if subslotLengthForPUCCH is not provided; otherwise mod(startingSymbolIndex, subslotLengthForPUCCH)
-	the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for repetitions of the PUCCH transmission in different slots
-	if the UE is configured to perform frequency hopping for repetitions of a PUCCH transmission across slots and the UE is not provided PUCCH-DMRS-Bundling = 'enabled'
-	the UE performs frequency hopping per slot
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots with even number and starting from a second PRB, provided by secondHopPRB, in slots with odd number. The slot indicated to the UE for the first repetition of the PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot
-	the UE does not expect to be configured to perform frequency hopping for a repetition of the PUCCH transmission within a slot
-	if the UE is configured to perform frequency hopping for repetitions of a PUCCH transmission across slots and the UE is provided PUCCH-DMRS-Bundling = 'enabled' 
-	the UE performs frequency hopping per interval of  consecutive slots, that start from a slot indicated to the UE and where the UE would transmit a first repetition of the PUCCH, where  is the value of PUCCH-Frequencyhopping-Interval, if provided; otherwise,  is the value of PUCCH-TimeDomainWindowLength
-	the UE transmits the PUCCH over intervals until the UE transmits the PUCCH in  slots, where the first interval has number 0 and each subsequent interval is counted regardless of whether or not the UE transmits the PUCCH in a slot
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in intervals with even number and starting from a second PRB, provided by secondHopPRB, in intervals of frequency hopping intervals with odd number
-	the UE does not expect to be configured to perform frequency hopping for a repetition of the PUCCH transmission within a slot
-	if the UE is not configured to perform frequency hopping for repetitions of a PUCCH transmission across slots and the UE is configured to perform frequency hopping for a repetition of the PUCCH transmission within a slot, the frequency hopping pattern between the first PRB and the second PRB is same within each slot 
<unchanged part omitted>



4.5. TP#5
	<unchanged part omitted>
9.1.5	HARQ-ACK codebook retransmission 
With reference to slots of PUCCH transmissions on the primary cell and for Type-1 or Type-2 HARQ-ACK codebooks, a UE that transmitted or would transmit a PUCCH or a PUSCH with a first HARQ-ACK codebook in slot  can be indicated by a DCI format with CRC scrambled by a C-RNTI or a MCS-C-RNTI that does not schedule a PDSCH reception [4, TS 38.212] and is received in a PDCCH ending in slot , to transmit a PUCCH with the first HARQ-ACK codebook in slot , where slot  is after slot . The UE determines  and a resource for the PUCCH transmission as described in clauses 9.2.3 and 9.2.5. If the UE is provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern, the UE further determines a corresponding cell based on the periodic cell switching pattern as described in clause 9.A.
If the pdsch-HARQ-ACK-retx or pdsch-HARQ-ACK-retxDCI-1-2 field value in the DCI format 1_1 or 1_2, respectively, is '1', the UE determines slot  as  where  is determined by a one-to-one mapping in ascending order among the values of the MCS field in the DCI format 1_1 or 1_2 and the values from -7 to 24.
If the DCI format 1_1 or 1_2 includes a priority indicator field having a value, a priority value of first HARQ-ACK information in the first HARQ-ACK codebook is same as the value of the priority indicator field; otherwise, the priority value of the first HARQ-ACK information is zero.
If a UE
-	is not provided coresetPoolIndex or is provided coresetPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided coresetPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ackNackFeedbackMode = separate
the first HARQ-ACK codebook is the HARQ-ACK codebook associated with the first CORESETs on on active DL BWPs of serving cells if the DCI format 1_1 or 1_2 belongs to the first CORESETs. Otherwise if the DCI format 1_1 or 1_2 belongs to the second CORESETs, the first HARQ-ACK codebook is the  HARQ-ACK codebook associated with the second CORESETs on on active DL BWPs of serving cells.
If the UE would also multiplex in the PUCCH transmission in slot  a second HARQ-ACK codebook with second HARQ-ACK information of same priority value as for the first HARQ-ACK information in the first HARQ-ACK codebook, the UE appends the first HARQ-ACK codebook to the second HARQ-ACK codebook. The UE determines to multiplex the second HARQ-ACK information in the PUCCH transmission in slot  as described in clause 9.2.3.
If in slot  the UE performs a procedure for deferring first HARQ-ACK information for SPS PDSCH receptions, as described in clause 9.2.5.4, and the first HARQ-ACK information has same priority value as a priority value indicated by the DCI format triggering the PUCCH transmission in slot , the UE multiplexes in the PUCCH transmission in slot  second HARQ-ACK information with the priority value that results in slot  according to the procedure in this clause, by appending the first HARQ-ACK information to the second HARQ-ACK information. If the UE would also multiplex in the PUCCH transmission in slot  third HARQ-ACK information with the priority value, the UE appends the second HARQ-ACK information followed by the first HARQ-ACK information to the third HARQ-ACK information. The UE determines to multiplex the third HARQ-ACK information in the PUCCH transmission in slot  as described in clause 9.2.3.
If in slot  the UE would transmit a first PUCCH with first HARQ-ACK information over more than one slot and a second PUCCH with second HARQ-ACK information over one or more slots, where the first and second HARQ-ACK information have same priority value, the UE multiplexes in the PUCCH transmission in slot  one of
-	the first HARQ-ACK information if the first PUCCH starts at an earlier slot than the second PUCCH, or
-	the second HARQ-ACK information if the second PUCCH starts at an earlier slot than the first PUCCH.
<unchanged part omitted>
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