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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
During RAN1#106-e meeting, lots of agreements have been achieved on HARQ-ACK enhancements for Rel-17 URLLC, which are listed in Annex for reference. 
In this contribution, we will discuss some remaining issues on HARQ-ACK enhancements for Rel-17 URLLC based on the progress achieved so far.
2. Discussion
2.1. SPS HARQ-ACK deferral
2.1.1. Remaining issues for the initial slot/sub-slot
During RAN1#106-e meeting, the following agreement has been achieved regarding when to defer from the initial slot/sub-slot.
 (
 Agreement
Definition of when to defer from the initial slot: 
Alt1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid
)
The description for Alt1 is not so straightforward in terms of potential multiplexing behavior in the initial slot/sub-slot. For initial slot/sub-slot, as well as target slot/sub-slot, the discussion about multiplexing was mainly focused on potential SPS HARQ-ACK multiplexed with HARQ-ACK for dynamically scheduled PDSCH (called DG HARQ-ACK in short hereinafter), but potential HARQ-ACK multiplexing with other UCI type(s), i.e. SR and/or CSI, has not been fully discussed so far.
As noticed that after RAN1#104b-e meeting, Alt1 was formulated by the moderator as the following, where any other UCI or UCI multiplexing was referred to, not only considering DG HARQ-ACK.
 (
Alt. 1: “If SPS HARQ-ACK is multiplexed with any other UCI / dynamic PUCCH resource then it cannot be deferred!”
No change to the UCI multiplexing behavior in the initial slot
Issue in case of missed DCI scheduling PDSCH… 
Question: should
 multi-CSI-PUCCH-ResourceList 
be also added here?
)
So there may be a question whether only potential HARQ-ACK multiplexing behavior, such as SPS HARQ-ACK multiplexing with other SPS HARQ-ACK and/or DG HARQ-ACK, or any potential UCI multiplexing behavior, such as HARQ-ACK multiplexing with SR and/or CSI, should be considered when Alt1 is adopted to determine when to defer from the initial slot/sub-slot.
In our opinion, based on the related discussion and achieved agreements so far, only potential HARQ-ACK multiplexing behavior can be considered to determine when to defer from the initial slot/sub-slot. This can lead to simpler handling without considering other UCI type(s) in the potential initial slot/sub-slot, as well as is consistent with the rule for determining the target slot/sub-slot, which only takes potential HARQ-ACK multiplexing into account as referenced in the following.
 (
Agreement
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot where
 sps-PUCCH-AN-List-r16
 or 
n1PUCCH-AN
 PUCCH resource is regarded as valid
, 
or a PUCCH resource 
(from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed
) is dynamically indicated
The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.
)
For example, if SPS HARQ-ACK for a SPS PDSCH is indicated to be reported in slot/sub-slot n based on semi-static HARQ-ACK timing indicated by the latest activation DCI, and no DG HARQ-ACK is detected to be reported in slot/sub-slot n, but the corresponding SPS HARQ-ACK PUCCH resource based on sps-PUCCH-AN-List-r16 or n1PUCCH-AN is regarded as invalid. If there is a valid/invalid CSI PUCCH resource overlapping with the SPS HARQ-ACK PUCCH resource, for simplicity, multiplexing between the SPS HARQ-ACK and the CSI corresponding to the CSI PUCCH resource will not be considered, and a deferral for the SPS HARQ-ACK is determined to be started. On the contrary, if the above multiplexing would be considered, then further discussion and specification efforts are needed when after multiplexing, the final PUCCH resource might be invalid, leading to SPS HARQ-ACK dropping, or alternatively dropping CSI and deferring SPS HARQ-ACK, where a lot of cases should be analyzed and processed, thus resulting in more additional complexity.
Proposal 1: For determining when to defer from the initial slot/sub-slot, only potential HARQ-ACK multiplexing is considered, and potential multiplexing between/among HARQ-ACK and other UCI type(s) is not considered.
Nevertheless, if the SPS HARQ-ACK is determined to be transmitted in slot/sub-slot n, due to that multiplexing with DG HARQ-ACK happens, or the corresponding SPS HARQ-ACK PUCCH resource based on sps-PUCCH-AN-List-r16 or n1PUCCH-AN is regarded as valid, no deferral will occur. Then, legacy UCI multiplexing/prioritization rules will be reused, that is, potential multiplexing between/among HARQ-ACK and other UCI type(s), as well as prioritization when applicable, should be considered to determine the final PUCCH/PUSCH transmission, as well as the conveyed UCI(s).
For example, when performing SPS HARQ-ACK multiplexing with CSI on the condition that the corresponding SPS HARQ-ACK PUCCH resource based on sps-PUCCH-AN-List-r16 or n1PUCCH-AN is valid, the multi-CSI-PUCCH-ResourceList, as well as pucch-CSI-ResourceList, should be supported as candidate PUCCH resource(s).
Proposal 2: If it is determined not to defer the SPS HARQ-ACK, legacy UCI multiplexing/prioritization rules should be reused to determine the final PUCCH/PUSCH transmission, as well as the conveyed UCI(s).
2.1.2. Remaining issues for the target slot/sub-slot
As discussed above, regarding the rule for determining the target slot/sub-slot, only potential HARQ-ACK multiplexing is taken into account, in terms of SPS HARQ-ACK multiplexing, as well as multiplexing between SPS HARQ-ACK and DG HARQ-ACK.
After the target slot/sub-slot is determined, legacy UCI multiplexing/prioritization rules will be reused in the target slot/sub-slot, that is, potential multiplexing between/among HARQ-ACK and other UCI type(s), as well as prioritization when applicable, should be considered to determine the final PUCCH/PUSCH transmission, as well as the conveyed UCI(s).
Proposal 3: After the target slot/sub-slot is determined, legacy UCI multiplexing/prioritization rules should be reused in the target slot/sub-slot to determine the final PUCCH/PUSCH transmission, as well as the conveyed UCI(s).
2.2. Re-transmission of cancelled HARQ-ACK
2.2.1. Remaining issues for enhanced Type-3 codebook
During RAN1#106-e meeting, the following agreement has been achieved regarding the content of an enhanced Type-3 codebook.
 (
Agreement
The following enhanced Type 3 CB types of smaller size are supported, the CB to contain either: 
the HARQ processes of a subset of configured CCs, or
a subset of configured HARQ processes (specific to CCs)
FFS: additional enh. Type 3 CB types
)
With respect to the above FFS, i.e., additional enhanced Type-3 codebook, it may be feasible that enhanced Type-3 codebook is used to retrieve the dropped SPS HARQ-ACK due to collisions in TDD systems, where the load balance and/or latency are under gNB’s control. In this case, gNB may indicate the concerned SPS configuration(s), as well as corresponding serving cell(s) in a DCI format triggering an enhanced Type-3 codebook. Then, UE can report corresponding SPS HARQ-ACK bit(s) accordingly. 
Proposal 4: Enhanced Type-3 codebook may contain HARQ-ACK of HARQ processes configured for one or more concerned SPS configurations.
Regarding the triggering signaling for enhanced Type-3 codebook, two options were formulated by the moderator during RAN1#106-e meeting, which are listed as follows.
· Option 1: There is an N-bit DCI field for triggering included, one state indicating ‘not trigger’ whereas the remaining signalling states can be used to indicate one of up to M different enh. Type 3 CBs. N is defined as N=log2 (M+1).
· Note: for this operation the DCI overhead is increased for M>1, but this allows to trigger the enh. Type 3 CB and schedule PDSCH with the same DCI.
· Note: if only one enh. Type 3 CB is configured (i.e. M=1) there is no additional overhead.
· Option 2: There is a 1-bit triggering DCI field (as for Rel-16 enh. Type 3 CB). 
· If only a single enh. Type 3 CB is configured (M=1), the triggering DCI can schedule also a PDSCH. 
· If more than one enh. Type 3 CB are configured (i.e. M>1), and DCI field indicates the triggering, the DCI cannot be used to schedule PDSCH and some unused field(s) (e.g. HARQ ID, PDSCH FDRA, …) is used to indicate the enh. Type 3 CB to be triggered. 
· Note: for this operation the DCI overhead is not increased, but for M>1 this does not allow to trigger the enh. Type 3 CB and schedule PDSCH with the same DCI.
From the perspective of DCI size, Option 2 is slightly preferred due to that no additional change will be introduced compared to Rel-16 when enhanced Type-3 codebook is configured. If M > 1 is desirable which is up to gNB’s implementation, the triggering DCI can be dedicated to trigger an enhanced Type-3 codebook, without scheduling a PDSCH. Since in Rel-16 the frequency domain resource assignment field is set to specific value to indicate no PDSCH is scheduled when triggering a Type-3 codebook, this field may not be proper to be used to indicate the triggered enhanced Type-3 codebook. On the other hand, when the DCI does not schedule a PDSCH, unused fields, including HARQ process number field, modulation and coding scheme field, new data indicator field, redundancy version field, etc., can be reused or re-interpreted to indicate the triggered enhanced Type-3 codebook.
Proposal 5: For triggering an enhanced Type-3 codebook, support Option 2, i.e., there is a 1-bit triggering DCI field to indicate whether an enhanced Type-3 codebook is triggered or not by the DCI, and if it indicates triggered and more than one enhanced Type-3 codebook is configured (i.e., M > 1), the DCI does not schedule a PDSCH and some unused field(s) in the DCI is reused/re-interpreted to indicate which enhanced Type-3 codebook is triggered actually.
2.2.2. Remaining issues for one-shot triggering of HARQ-ACK re-transmission
Regarding the triggering signaling for one-shot triggering of HARQ-ACK re-transmission, three alternatives were formulated by the moderator during RAN1#106-e meeting, which are listed as follows.
· Alt. 1: A 1-bit DCI field is used to support the explicit triggering indication. A separate N-bit DCI field is included in the DCI for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be re-transmitted. 
· Note: N+1 bit DCI overhead. This enables the triggering DCI to schedule PDSCH at the same time. 
· Alt. 2: A N-bit DCI field is included to the triggering DCI, where one state indicates ‘no triggering’ and the remaining 2^N-1 states are used for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be re-transmitted.
· Note: N-bit DCI overhead. This enables the triggering DCI to schedule PDSCH at the same time.
· Alt. 3: A 1-bit DCI field is used to support the explicit triggering indication. If the triggering DCI indicates ‘triggering’, the DCI does not schedule PDSCH at the same time and some DCI field(s) (such as the HARQ-ID field) is used for the dynamic indication of the HARQ-ACK codebook / PUCCH occasion to be re-transmitted.
· Note: 1-bit DCI overhead. A triggering DCI indicating ‘1’ or ‘trigger’ does not support to schedule PDSCH. 
It is preferred that same design principles are adopted to one-shot triggering of HARQ-ACK re-transmission, as that to triggering enhanced Type-3 codebook, in terms of DCI field setting, DCI size, etc. Based on this, Alt. 3 is preferred, where only 1 additional bit is introduced to the DCI format. 
When the 1-bit DCI field indicates ‘triggering’, the same set of unused fields discussed for enhanced Type-3 codebook can be considered to dynamically indicate the HARQ-ACK codebook / PUCCH occasion to be re-transmitted.
Proposal 6: Regarding the triggering signaling for one-shot triggering of HARQ-ACK re-transmission, support Alt. 3, i.e., there is a 1-bit DCI field to indicate whether one-shot triggering of HARQ-ACK re-transmission is triggered or not by the DCI, and if it indicates triggered, the DCI does not schedule a PDSCH and some unused field(s) in the DCI is reused/re-interpreted to indicate the HARQ-ACK codebook / PUCCH occasion to be re-transmitted.
During RAN1#106-e meeting, it was agreed that a DCI can only trigger a single HARQ-ACK codebook to be re-transmitted, as below.
 (
Agreement
 
A single DCI triggering the Rel-17 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 can trigger the re-transmission of HARQ-ACK information of only a single HARQ-ACK CB. 
)
For indicating the HARQ-ACK codebook / PUCCH occasion to be re-transmitted, it is proposed to indicate the PUCCH slot where the HARQ-ACK codebook / PUCCH occasion to be re-transmitted originally locates. Furthermore, a PUCCH slot offset may be indicated to determine the corresponding PUCCH slot.
During RAN1#106-e meeting, two alternatives were formulated by the moderator to address the indication of PUCCH sot offset, which are listed as follows.
· Alt. 1: the PUCCH slot offset defines the offset between the triggering DCI and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted, as illustrated in Figure 1.


[bookmark: _Ref83650271]Figure 1 Offset between the slot for triggering DCI and slot for dropped HARQ-ACK is indicated by triggering DCI [2]
· Alt. 2: the PUCCH slot offset defines the offset between the new PUCCH slot for transmission and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted, as illustrated in Figure 2.
[image: ]
[bookmark: _Ref83650313]Figure 2 Indication of the HARQ-ACK codebook to be re-transmitted using the slot for the PUCCH re-transmission as timing reference [3]
For Alt. 1, the offset may be positive or negative, since the DCI triggering re-transmission may locate behind or after the PUCCH slot of the HARQ-ACK codebook to be re-transmitted. Besides, the numerology of PDCCH and that of PUCCH may be different, so some operation for mixed numerologies may be involved. Although current specification supports the mixed numerology operations, it is not so straightforward compared to Alt.2. 
For Alt. 2, the offset may always be negative, and typically only one PUCCH cell will be involved, with no operation for mixed numerologies. Therefore, Alt. 2 is slightly preferred for simplicity.
Proposal 7: For indicating the PUCCH slot offset for one-shot triggering of HARQ-ACK re-transmission, support Alt. 2, i.e., the PUCCH slot offset defines the offset between the new PUCCH slot for transmission and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted.
During RAN1#106-e meeting, it was agreed that only a single HARQ-ACK codebook / PUCCH occasion can be re-transmitted in a PUCCH slot, as below.
 (
Agreement
For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the UE does not expect more than one triggering DCI for Rel-17 one-shot feedback indicating the same PUCCH slot for the re-transmission of HARQ-ACK CBs of different PUCCH slots to be re-transmitted
Note: i.e. only a single HARQ-ACK codebook / PUCCH occasion can be re-transmitted in a PUCCH slot
)
Nevertheless, some new or initial HARQ-ACK may be required to be reported in the same PUCCH slot where a HARQ-ACK codebook / PUCCH occasion is triggered to be re-transmitted. For DG HARQ-ACK, gNB can avoid this case by proper implementation, but for SPS HARQ-ACK it is complicated to avoid it.
Since the spirit of one-shot triggering for HARQ-ACK re-transmission is re-transmitting the dropped/cancelled HARQ-ACK codebook as it is without introducing any additional overhead, a simple way is that the new or initial HARQ-ACK can be appended to the HARQ-ACK codebook triggered for re-transmission, if any.
Proposal 8: New or initial HARQ-ACK to be reported in the same PUCCH slot, if any, is appended to the HARQ-ACK codebook triggered for re-transmission.
2.2.3. Others
For enhanced Type-2 codebook, it may be reused directly for dynamically scheduled PDSCH, with the clarification that PDSCH grouping is performed for each physical priority respectively, and at most two PDSCH groups are allowed per physical priority. 
Proposal 9: Support the re-transmission of cancelled HARQ-ACK by enhanced Type-2 codebook.
Proposal 10: It can be clarified that for enhanced Type-2 codebook, PDSCH grouping is performed for each physical priority respectively, and at most two PDSCH groups are allowed per physical priority.
2.3. PUCCH repetition enhancements
During RAN1#106-e meeting, it was proposed that to align with Rel-16 slot-based PUCCH repetition operation, sub-slot based PUCCH repetition configured with / using nrofSlots (i.e. not using dynamic indication) supports PUCCH repetition of all UCI types (incl. HARQ, SR & CSI). 
From our respective, the rules for slot based PUCCH repetition should be reused as much as possible for sub-slot based PUCCH repetition, to avoid unnecessary discussions and benefit more scenarios. Therefore, sub-slot based PUCCH repetition configured with / using nrofSlots can also be supported for other UCI types, including SR and CSI, and the priority order for prioritization of PUCCH repetition collision can also be reused.
Proposal 11: Support sub-slot based PUCCH repetition configured with / using nrofSlots also for other UCI types, including SR and CSI.
In Rel-16, the sub-slot definition is only defined for HARQ-ACK transmission, and for SR/CSI transmission, the first symbol of a PUCCH resource is relative to the first symbol of a slot. Furthermore, the periodicity and offset are also configured in the unit of slot for a SR/CSI PUCCH resource. 
When sub-slot based PUCCH repetition is configured, for a SR/CSI PUCCH resource, the starting time of the first repetition can be determined by startingSymbolIndex in a slot determined by the configured periodicity and offset (supposing the starting time locates in sub-slot n), and for later repetition position(s), it can be determined by startingSymbolIndex and subslotLengthForPUCCH, e.g., the i-th repetition position locates in sub-slot n+i-1 and starts with a symbol index determined by ( startingSymbolIndex +  subslotLengthForPUCCH * (i -1)) mod where i >= 1, and relative to the first symbol of the slot where sub-slot n+i-1 is contained.
2.4. PUCCH carrier switching for HARQ-ACK
During RAN1#106-e meeting and RAN#93-e meeting, it was extensively discussed whether or not PUCCH carrier switching should include SUL and if so, which cases are supported.
Generally, there are four possible cases under consideration, listed as below.
· Case 1: PUCCH carrier switching among different cells not being configured with SUL.
· Case 2-1: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For the cells having SUL configured, PUCCH is only configured either for NUL or SUL.
· Case 2-2: PUCCH carrier switching among different cells where at least one cell is configured with SUL. For cells having SUL configured, PUCCH may be configured for NUL carrier, SUL carrier or both.
· Case 3: PUCCH carrier switching for a single cell configured with SUL and having PUCCH configured for NUL and SUL.
With respect to these cases, we support all cases and we are also fine to only support Case 1, Case 2-1 and Case 3. But if it is difficult to have consensus on including SUL into PUCCH carrier switching, we think the proposed working assumption to support PUCCH carrier switching only involving TDD carriers should be taken to move forward. 
In addition, aiming for minimum specification impact as agreed for PUCCH carrier switching, we would like to propose the maximum number of carriers supported for PUCCH carrier switching is two. 
Proposal 12: The maximum number of carriers supported for PUCCH carrier switching is two.
After clarification of supported case(s), the following proposal generic for PUCCH carrier switching was stable at the end of RAN1#106-e meeting and can be agreed.
 (
Mod. 
Proposal 6.1
: 
For PUCCH carrier switching, s
upport independent TPC per PUCCH cell including
Separate P0 / TPC configuration per PUCCH cell
Note: This flexibility is already provided as PUCCH-config is per UL BWP of a PUCCH cell 
Accumulating closed loop power control commands only within the same target cell by reusing Rel-15 procedure, i.e. 
For dynamic PUCCH cell indication, the TPC command in the DCI scheduling the PUCCH only applies for the dynamically indicated PUCCH target cell
For semi-static / time-domain pattern, the TPC command in the DCI scheduling the PUCCH only applies for the determined PUCCH target (using the time-domain pattern)
FFS:
 
Separate TPC command indication using DCI format 2_2 for the individual PUCCH cells
Note: this requires configuration of individual TPC command starting points for each PUCCH cell within DCI format 2_2
)
2.4.1. PUCCH carrier switching based on dynamic indication
After clarification of supported case(s), the following proposals for PUCCH carrier switching based on dynamic indication and stable at the end of RAN1#106-e meeting can be agreed.
 (
Modified 
Proposal 6.2
: For PUCCH carrier switching based on dynamic indication in the DCI,  introduce a new, dedicated DCI  field for the DCI scheduling PDSCH to indicate the target PUCCH cell. 
FFS: Bit-field width for DCI format 1_1
DCI field presence for DCI format 1_2 is independently RRC configured
FFS: Bit-field width for DCI format 1_2
FFS: If some bit(s) from existing bit fields could be used for DCI format 1_0
)
 (
Mod. 
Proposal 6.3
: UE does not expect overlapping PUCCH 
slot
s with dynamic PUCCH cell indication on more than one carrier, i.e. gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot. 
)
In addition to above proposals, for PUCCH carrier switching based on dynamic indication, at least following questions/issues need to be discussed.
Q1: How to multiplex the HARQ-ACK without associated DCI (i.e. SPS HARQ-ACK) and/or HARQ-ACK for the PDSCH scheduled by a DCI without the PUCCH cell indication field on the target PUCCH cell?
The HARQ-ACK mentioned in Q1 can be called HARQ-ACK without dynamic indication. When HARQ-ACK without dynamic indication does not overlap with DG HARQ-ACK scheduled by non-fallback DCI (i.e. DCI with the PUCCH cell indication field), it may be transmitted on one fixed PUCCH cell, e.g. PCell/PSCell/PUCCH SCell, which is also discussed in Q2; otherwise the HARQ-ACK without dynamic indication may be multiplexed with the DG HARQ-ACK into a same HARQ-ACK codebook, then the HARQ-ACK codebook is transmitted on the target PUCCH cell indicated for the DG HARQ-ACK. 
Taking SPS HARQ-ACK as an example, as shown in Figure 3, the aforementioned overlapping between HARQ-ACK without dynamic indication and DG HARQ-ACK scheduled by non-fallback DCI can be that the slot/sub-slot on PUCCH cell 1 where the SPS HARQ-ACK would be transmitted is overlapped with the slot/sub-slot on PUCCH cell 2 where the DG HARQ-ACK corresponding to non-fallback DCI(s) is designated to be transmitted. The PUCCH cell 1 and the PUCCH cell 2 may be different and the overlapped slot/sub-slot indexes on PUCCH cell 1 and PUCCH cell 2 may also be different if these two PUCCH cells use different numerologies.


[bookmark: _Ref79094514]Figure 3. Multiplexing between SPS HARQ-ACK and DG HARQ-ACK corresponding to non-fallback DCI, as well as multiplexing between SPS HARQ-ACK from different cells
Proposal 13: For PUCCH carrier switching based on dynamic indication, HARQ-ACK without dynamic indication, including SPS HARQ-ACK and/or HARQ-ACK for the PDSCH scheduled by a DCI without the PUCCH cell indication field, may be multiplexed with DG HARQ-ACK corresponding to non-fallback DCI into a same HARQ-ACK codebook due to overlapping, then the HARQ-ACK codebook is transmitted on the target PUCCH cell indicated for the DG HARQ-ACK.
Q2: Which PUCCH cell is used/chosen to convey semi-static UCI(s), e.g. SPS HARQ-ACK, SR and CSI?
For SPS HARQ-ACK, when multiplexing is not applicable as described in Q1, it may be transmitted on the target PUCCH cell indicated by the activation/release DCI. Alternatively, it may be always transmitted on the PCell/PSCell/PUCCH SCell. When it is overlapped with DG HARQ-ACK corresponding to non-fallback DCI, multiplexing may be performed as described in Q1. If different SPS HARQ-ACKs corresponding to different SPS configurations are allowed to be transmitted on different PUCCH cells, multiplexing between them due to overlapping can be performed, as illustrated in Figure 3. Similarly, for HARQ-ACK for the PDSCH scheduled by a DCI without the PUCCH cell indication field, when multiplexing is not applicable as described in Q1, it may be always transmitted on the PCell/PSCell/PUCCH SCell.
For SR, a SR configuration may be associated to zero, one or more SR resource configurations, each of which is configured on a UL BWP of a respective PUCCH cell. When this SR configuration is triggered, PUCCH resource(s) of the associated SR resource configuration(s) on corresponding PUCCH cell(s) will be used.
For CSI, a CSI report configuration for periodic or semi-persistent CSI reporting on PUCCH may be configured on a PUCCH cell, and CSI reporting for the CSI report configuration will be performed on the PUCCH cell.
If in a PUCCH cell group there can be more than one PUCCH cell, HARQ-ACK without dynamic indication, SR or CSI may be configured or indicated to be transmitted on same or different PUCCH cell(s).
Proposal 14: For PUCCH carrier switching based on dynamic indication, SPS HARQ-ACK may be transmitted on the target PUCCH cell indicated by the activation/release DCI, or, always transmitted on the PCell/PSCell/PUCCH SCell, when multiplexing with DG HARQ-ACK corresponding to non-fallback DCI is not applicable.
Proposal 15: For PUCCH carrier switching based on dynamic indication, HARQ-ACK for the PDSCH scheduled by a DCI without the PUCCH cell indication field may be always transmitted on the PCell/PSCell/PUCCH SCelll, when multiplexing with DG HARQ-ACK corresponding to non-fallback DCI is not applicable.
Proposal 16: For PUCCH carrier switching based on dynamic indication, HARQ-ACK without dynamic indication (including SPS HARQ-ACK and/or HARQ-ACK for the PDSCH scheduled by a DCI without the PUCCH cell indication field ), SR or CSI may be configured or indicated to be transmitted on same or different PUCCH cell(s).
Q3: How to perform multiplexing/prioritization between same and/or different UCI types, if at least one UCI is transmitted on a different PUCCH cell than others? 
Generally speaking, multiplexing/prioritization mechanism(s) in Rel-15/16 can be extended so that overlapping UCIs can be multiplexed or prioritized by reusing legacy rules, where each of the overlapping UCIs may come from different PUCCH cells, i.e. different UCIs coming from same/different cell(s) and overlapping in time domain. For example, as long as the overlapping UCIs include the dynamic UCI, i.e., DG HARQ-ACK, then the target PUCCH cell for UCI multiplexing is determined by the PUCCH cell on which the dynamic UCI is designated to be transmitted.
Proposal 17: Multiplexing/prioritization mechanism(s) in Rel-15/16 can be extended so that UCIs coming from same/different cell(s) and overlapping in time domain can be multiplexed or prioritized by reusing legacy rules.
2.4.2. PUCCH carrier switching based on semi-static configuration
After clarification of supported case(s), the following proposals regarding time-domain pattern configuration for semi-static PUCCH carrier switching were stable at the end of RAN1#106-e meeting and can be agreed.
 (
Mod3
 
Proposal 6.4
: For semi-static PUCCH carrier switching, the time-domain pattern configuration is based on the following properties:
A single time-domain pattern is configured per PUCCH cell group
The granularity of the time-domain pattern is one slot of the 
reference numerology /
 
reference cell
FFS definition of reference numerology / reference cell
FFS: how to determine the reference cell 
Note: the notation of a reference cell may not need to be introduced in the RAN1 specification depending on how the reference cell is to be determined. 
The 
length of the
 
time-domain pattern is applied 
periodically
 one frame (i.e. 10ms)
FFS on period / pattern length (e.g. 10ms, RRC configured,…).
The pattern defines for each slot of the 
reference numerology / 
reference cell 
at least 
the applicable PUCCH cell
)
 (
Proposal 6.8.2:
 
For semi-static PUCCH carrier switching, the time-domain pattern periodicity is RRC configured, using candidate values of applicable periodicities from 
dl-UL-TransmissionPeriodicity
 
and 
dl-UL-TransmissionPeriodicity-v1530
 
(i.e. {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, 
ms3, ms4, 
ms5, ms10}) 
)
 (
Proposal 6.5.5:
 The gNB will need to guarantee by configuration of the time-domain pattern for PUCCH carrier switching, that the PUCCH carrier switching points are to be aligned with PUCCH slot/sub-slot boundaries of a PUCCH cell.
)
Besides, after clarification of supported case(s), the following proposals regarding HARQ-ACK timing and PUCCH resource for semi-static PUCCH carrier switching were also stable at the end of RAN1#106-e meeting and can also be agreed.
 (
Mod. 
Proposal 6.5
: For semi-static PUCCH carrier switching, 
the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology and PUCCH configuration of a reference cell to be able to apply the time-domain PUCCH carrier switching pattern. 
FFS definition of reference cell 
FFS: how to determine the reference cell 
Note: the notation of a reference cell may not need to be introduced in the RAN1 specification depending on how the reference cell is to be determined. 
)
 (
Proposal 6.6
: For semi-static PUCCH carrier switching, 
the PUCCH resource indicator (PRI) is interpreted based on the PUCCH configuration of determined target PUCCH cell. 
)
In addition to above proposals, for semi-static PUCCH carrier switching, at least following questions/issues need to be discussed.
Q1: How to determine the reference cell? 
Four alternatives were formulated by the moderator during RAN1#106-e meeting, listed as below.
· Alt. 1: the PCell / PSCell
· Alt. 2: an RRC configured PUCCH cell of any numerology
· Alt. 3: an RRC configured PUCCH cell having the smallest SCS among PUCCH cells
· Alt. 4: an RRC configured PUCCH cell having the largest SCS among PUCCH cells
Regarding Alt. 1, if PCell / PSCell is used as the reference cell, operation for mixed numerologies should take the following two cases into account.
· Case 1: SCS for the reference cell < SCS for the target PUCCH cell. One slot in the reference cell overlaps with multiple slots in the target PUCCH cell, discussion is needed on which slot in the target PUCCH cell should be used. Similar issue was discussed during RAN1#106-e meeting, i.e. Question 6.5.7 in the final moderator summary [4], but no consensus was achieved.
· Case 2: SCS for the reference cell > SCS for the target PUCCH cell. Multiple slots in the reference cell overlap with one slot in the target PUCCH cell, discussion is needed on how to multiplex multiple UCIs from multiple slots in the reference cell into one slot in the target PUCCH cell. Similar issue was discussed during RAN1#106-e meeting, i.e. Question 6.5.6 in the final moderator summary [4], but no consensus was achieved.
Regarding Alt. 3, only Case 1 should be considered. Regarding Alt. 4, only Case 2 should be considered. But it is simpler to choose one from multiple slots for Case 1, than multiplex multiple UCIs from multiple slots for Case 2. 
So from the perspective of simplicity, Alt. 3 is preferred. If more flexibility is desirable for gNB, Alt. 2 may also be considered.
Proposal 18: For semi-static PUCCH carrier switching, the reference cell is an RRC configured PUCCH cell having the smallest SCS among PUCCH cells.
For Case 1, the first slot from the multiple slots in the target PUCCH cell overlapping with the same slot in PCell can be chosen for simplicity.
Q2: Is there any restriction for configuring the K1 set for each PUCCH cell? How to construct a HARQ-ACK codebook, especially a Type-1 codebook?
Based on the updated agreement achieved during RAN1#106-e meeting, listed as below, it can be understood that K1 set for each PUCCH cell will be configured individually.
 (
Agreement
Update the following RAN1#105-e agreement as (
RED
):   
RAN1#105-e Agreement: For PUCCH carrier switching, the PUCCH 
resource
 
configuration 
(i.e. 
pucch-Config / PUCCH-ConfigurationList
)
 is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell).
FFS: CSI and SR
)
Based on the modified Proposal 6.5 referenced above, the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology and PUCCH configuration of a reference cell, including the K1 set configured for the reference cell.
In our opinion, only the K1 set for the reference cell is used to determine the HARQ-ACK timing. So when constructing a Type-1 codebook, the K1 set for the reference cell should also be used, instead of the K1 set for the target PUCCH cell determined based on the time-domain pattern. For simplicity and better understanding, K1 set for other PUCCH cell(s) can be configured to be the same as that for the reference cell.
For other HARQ-ACK codebook type other than Type-1 codebook, K1 set is not considered when constructing a HARQ-ACK codebook, so no additional issue is identified.
Proposal 19: For semi-static PUCCH carrier switching, the K1 set for the reference cell is used to construct a Type-1 codebook.
Proposal 20: For semi-static PUCCH carrier switching, same K1 set can be configured for each PUCCH cell in a PUCCH cell group.
Q3: Is there any issue for UCI multiplexing/prioritization?
It is common understanding that only one applicable PUCCH cell is defined for each slot of the reference cell. So for a given slot of the reference cell, Rel-15/16 UCI multiplexing/prioritization rules can be reused with no change needed.
2.4.3. Joint operation of dynamic indication and semi-static configuration
Regarding joint operation of dynamic indication and semi-static configuration, some rules may be defined.
For example, for DG HARQ-ACK corresponding to non-fallback DCI (i.e. DCI with the PUCCH cell indication field), dynamic indication may be applied. For other UCIs, such as HARQ-ACK without dynamic indication, including SPS HARQ-ACK and/or HARQ-ACK for the PDSCH scheduled by a DCI without the PUCCH cell indication field, SR and CSI, the semi-statically configured time-domain pattern can be used to determine the target PUCCH cell. 
2.5. RRC parameters
During the discussion on RRC parameters after RAN1#106-e meeting, there is an issue about needed RRC parameters for DCI format 1_2 triggering Rel-16 Type-3 codebook, i.e., if separate RRC parameters such as pdsch-HARQ-ACK-OneShotFeedbackCBGDCI-1-2 and pdsch-HARQ-ACK-OneShotFeedbackNDIDCI-1-2 are needed to control the content or structure of a Rel-16 Type-3 codebook triggered by a DCI format 1_2 or not.
Based on the explanation from the moderator, same content or structure of a Rel-16 Type-3 codebook is assumed, no matter it is triggered by a DCI format 1_1 or a DCI format 1_2. But in Rel-16, in addition to separate RRC parameters that have impacts on the size of DCI format 1_2, there are some separate configurations dedicated to DCI format 1_1 or DCI format 1_2 respectively and do not have impacts on the DCI size, e.g. mcs-Table for DCI format 1_1 and mcs-TableDCI-1-2-r16 for DCI format 1_2, or vrb-ToPRB-Interleaver for DCI format 1_1 and vrb-ToPRB-InterleaverDCI-1-2-r16 for DCI format 1_2.
Therefore, it is desirable to introduce separate RRC parameters, including pdsch-HARQ-ACK-OneShotFeedbackCBGDCI-1-2 and pdsch-HARQ-ACK-OneShotFeedbackNDIDCI-1-2, to control the content or structure of a Rel-16 Type-3 codebook triggered by a DCI format 1_2 independently, or alternatively clarify that these RRC parameters for DCI format 1_2 reuse the corresponding one defined currently for DCI format 1_1, i.e., pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 and pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 are used to control CBG-level HARQ-ACK reporting and NDI reporting respectively, irrespective whether a DCI format 1_1 or a DCI format 1_2 is used to trigger a Rel-16 Type-3 codebook.
Proposal 21: RAN1 determines to introduce separate RRC parameters, including pdsch-HARQ-ACK-OneShotFeedbackCBGDCI-1-2 and pdsch-HARQ-ACK-OneShotFeedbackNDIDCI-1-2, to control the content or structure of a Rel-16 Type-3 codebook triggered by a DCI format 1_2 independently, or alternatively clarifies that these RRC parameters for DCI format 1_2 reuse the corresponding one defined currently for DCI format 1_1.
3. Conclusion
In this contribution, some remaining issues on HARQ-ACK enhancements for URLLC Rel-17 have been discussed, and the proposals made are summarized as below:
Proposal 1: For determining when to defer from the initial slot/sub-slot, only potential HARQ-ACK multiplexing is considered, and potential multiplexing between/among HARQ-ACK and other UCI type(s) is not considered.
Proposal 2: If it is determined not to defer the SPS HARQ-ACK, legacy UCI multiplexing/prioritization rules should be reused to determine the final PUCCH/PUSCH transmission, as well as the conveyed UCI(s).
Proposal 3: After the target slot/sub-slot is determined, legacy UCI multiplexing/prioritization rules should be reused in the target slot/sub-slot to determine the final PUCCH/PUSCH transmission, as well as the conveyed UCI(s).
Proposal 4: Enhanced Type-3 codebook may contain HARQ-ACK of HARQ processes configured for one or more concerned SPS configurations.
Proposal 5: For triggering an enhanced Type-3 codebook, support Option 2, i.e., there is a 1-bit triggering DCI field to indicate whether an enhanced Type-3 codebook is triggered or not by the DCI, and if it indicates triggered and more than one enhanced Type-3 codebook is configured (i.e., M > 1), the DCI does not schedule a PDSCH and some unused field(s) in the DCI is reused/re-interpreted to indicate which enhanced Type-3 codebook is triggered actually.
Proposal 6: Regarding the triggering signaling for one-shot triggering of HARQ-ACK re-transmission, support Alt. 3, i.e., there is a 1-bit DCI field to indicate whether one-shot triggering of HARQ-ACK re-transmission is triggered or not by the DCI, and if it indicates triggered, the DCI does not schedule a PDSCH and some unused field(s) in the DCI is reused/re-interpreted to indicate the HARQ-ACK codebook / PUCCH occasion to be re-transmitted.
Proposal 7: For indicating the PUCCH slot offset for one-shot triggering of HARQ-ACK re-transmission, support Alt. 2, i.e., the PUCCH slot offset defines the offset between the new PUCCH slot for transmission and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted.
Proposal 8: New or initial HARQ-ACK to be reported in the same PUCCH slot, if any, is appended to the HARQ-ACK codebook triggered for re-transmission.
Proposal 9: Support the re-transmission of cancelled HARQ-ACK by enhanced Type-2 codebook.
Proposal 10: It can be clarified that for enhanced Type-2 codebook, PDSCH grouping is performed for each physical priority respectively, and at most two PDSCH groups are allowed per physical priority.
Proposal 11: Support sub-slot based PUCCH repetition configured with / using nrofSlots also for other UCI types, including SR and CSI.
Proposal 12: The maximum number of carriers supported for PUCCH carrier switching is two.
Proposal 13: For PUCCH carrier switching based on dynamic indication, HARQ-ACK without dynamic indication, including SPS HARQ-ACK and/or HARQ-ACK for the PDSCH scheduled by a DCI without the PUCCH cell indication field, may be multiplexed with DG HARQ-ACK corresponding to non-fallback DCI into a same HARQ-ACK codebook due to overlapping, then the HARQ-ACK codebook is transmitted on the target PUCCH cell indicated for the DG HARQ-ACK.
Proposal 14: For PUCCH carrier switching based on dynamic indication, SPS HARQ-ACK may be transmitted on the target PUCCH cell indicated by the activation/release DCI, or, always transmitted on the PCell/PSCell/PUCCH SCell, when multiplexing with DG HARQ-ACK corresponding to non-fallback DCI is not applicable.
Proposal 15: For PUCCH carrier switching based on dynamic indication, HARQ-ACK for the PDSCH scheduled by a DCI without the PUCCH cell indication field may be always transmitted on the PCell/PSCell/PUCCH SCelll, when multiplexing with DG HARQ-ACK corresponding to non-fallback DCI is not applicable.
Proposal 16: For PUCCH carrier switching based on dynamic indication, HARQ-ACK without dynamic indication (including SPS HARQ-ACK and/or HARQ-ACK for the PDSCH scheduled by a DCI without the PUCCH cell indication field ), SR or CSI may be configured or indicated to be transmitted on same or different PUCCH cell(s).
Proposal 17: Multiplexing/prioritization mechanism(s) in Rel-15/16 can be extended so that UCIs coming from same/different cell(s) and overlapping in time domain can be multiplexed or prioritized by reusing legacy rules.
Proposal 18: For semi-static PUCCH carrier switching, the reference cell is an RRC configured PUCCH cell having the smallest SCS among PUCCH cells.
Proposal 19: For semi-static PUCCH carrier switching, the K1 set for the reference cell is used to construct a Type-1 codebook.
Proposal 20: For semi-static PUCCH carrier switching, same K1 set can be configured for each PUCCH cell in a PUCCH cell group.
Proposal 21: RAN1 determines to introduce separate RRC parameters, including pdsch-HARQ-ACK-OneShotFeedbackCBGDCI-1-2 and pdsch-HARQ-ACK-OneShotFeedbackNDIDCI-1-2, to control the content or structure of a Rel-16 Type-3 codebook triggered by a DCI format 1_2 independently, or clarifies that these RRC parameters for DCI format 1_2 reuse the corresponding one defined currently for DCI format 1_1.
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Agreements achieved during RAN1#106-e meeting are listed as follows.
SPS HARQ-ACK deferral:
Agreement
The SPS HARQ-ACK deferral is enabled per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations enabled for deferral is in principle subject to deferral

Agreement
Definition of when to defer from the initial slot: 
· Alt1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid

Agreement
For SPS HARQ-ACK deferral, the maximum deferral value in terms of k1+k1def is RRC configured per SPS configuration.

Agreement
For SPS HARQ-ACK deferral, only SPS HARQ bits subject to deferral from HARQ-ACK codebook from an initial PUCCH slot are deferred to the target PUCCH slot.

Agreement
For SPS HARQ-ACK deferral, deferred SPS HARQ bits from more than one ‘initial PUCCH slot’ can be jointly deferred to a target PUCCH slot.

Agreement
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot where sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
· The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
· The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.

Agreement
For SPS HARQ-ACK deferral, if after the target PUCCH slot determination the deferred SPS HARQ-ACK cannot be transmitted, the deferred SPS HARQ-ACK bits are not further deferred and are dropped.

Agreement
For SPS HARQ-ACK deferral, in the target PUCCH slot the deferred SPS HARQ-ACK bits are appended to the initial HARQ bits / Type 1 or Type 2 codebook.

Agreement
For SPS HARQ-ACK deferral, confirm the RAN1#104b-e working assumption with the following updates in RED:
(working assumption) To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE is expected to receives PDSCH of a certain HARQ Process ID according to TS 38.214 Sec. 5.1, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.
· Note: there is no further discussion on specific handling for the case of DG PDSCH with the same HARQ process ID

Re-transmission of cancelled HARQ-ACK:
Agreement 
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

Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size.
· The A/N of HARQ processes is mapped to the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· FFS: If the HARQ-ACK codebook size or structure is dependent on the PHY priority (e.g. separate configuration of CBG/NDI usage, separate configuration of HARQ IDs / CCs per priority, SPS HARQ-ACK process IDs of specific priority only for a SPS HARQ-ACK only codebook, …).

Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB in Rel-17. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB.
· The A/N of HARQ processes is mapped to the Rel-16 Type 3 HARQ-ACK CB irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured in Rel-17 with Rel-16 Type 3 HARQ-ACK CB and PHY prioritization. 

Agreement 
For the PHY priority handling of the enhanced Type 3 CB(s) of smaller size, the enhanced Type 3 HARQ-ACK has the same structure, size and content (in terms of HARQ-IDs, CCs) irrespective of the PHY priority. 

Agreement 
Support Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size triggering using DCI format 1_2 for a UE supporting DCI format 1_2. 
· The triggering support for DCI format 1_2 is independently (from triggering using DCI format 1_1) RRC configured to the UE. 

Agreement 
Support Rel-16 Type 3 HARQ-ACK CB triggering using DCI format 1_2 in Rel-17 for a UE supporting DCI format 1_2. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured with DCI format 1_2 triggering of the Rel-16 Type 3 HARQ-ACK CB. 

Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 

Agreement 
The DCI triggering (by a DL assignment) the one-shot HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB dynamically indicates the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted. 
· FFS details 

Agreement 
A single DCI triggering the Rel-17 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 can trigger the re-transmission of HARQ-ACK information of only a single HARQ-ACK CB. 

Agreement 
The Rel-17 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 is done through an explicit triggering indication in the DCI through a DCI field. 

Agreement 
Support PHY priority handling for the Rel-17 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. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the re-transmitted HARQ-ACK information.
· The indicated PHY priority in the triggering DCI is used to determine the HARQ-ACK information to be re-transmitted corresponding to the indicated PHY priority. 

Agreement
For enh. Type 3 HARQ-ACK CB(s), support dynamic selection based on indication in the triggering DCI of one of at least one enh. Type 3 HARQ-ACK CB(s). 
· Each of the at least one enh. Type 3 HARQ-ACK CBs is at least defined by RRC configuration This includes the option to configure all DL HARQ processs of all configured CCs as one enh. Type 3 HARQ-ACK CB (resulting in same structure and size as the Rel-16 Type 3 HARQ-ACK CB)
· This includes UE capability signaling (value range {1…X}) on the maximum number of supported simultaneously configured enh. Type 3 HARQ-ACK CBs that can be dynamically indicated 
· Details including the value of X are FFS

Agreement
The following enhanced Type 3 CB types of smaller size are supported, the CB to contain either: 
· the HARQ processes of a subset of configured CCs, or
· a subset of configured HARQ processes (specific to CCs)
FFS: additional enh. Type 3 CB types

Agreement
For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the UE does not expect more than one triggering DCI for Rel-17 one-shot feedback indicating the same PUCCH slot for the re-transmission of HARQ-ACK CBs of different PUCCH slots to be re-transmitted
· Note: i.e. only a single HARQ-ACK codebook / PUCCH occasion can be re-transmitted in a PUCCH slot

PUCCH repetition enhancements:
Conclusion
The dynamic repetition indication solution for slot-based PUCCH repetition from the RAN1#105-e working assumption from Cov. Enh. WI can be directly applied for dynamic repetition indication for sub-slot based PUCCH repetition.

Agreement 
For sub-slot based PUCCH repetition for HARQ-ACK, semi-static configured PUCCH repetition (i.e. using nrofSlots) and dynamic repetition factor based operation is supported. 
· Sub-slot based PUCCH repetition based on semi-static configuration (i.e. using nrofSlots) and based on dynamic indication is subject to separate UE capabilities

Agreement
Support slot-based PUCCH repetition for PUCCH Format 0 and Format 2 also for single TRP operation. 
· The support is subject to independent UE capability indication 

Sub-slot based Type-1 codebook:
None.

PUCCH carrier switching for HARQ-ACK:
Agreement
Update the following RAN1#105-e agreement as (RED):   
· RAN1#105-e Agreement: For PUCCH carrier switching, the PUCCH resource configuration (i.e. pucch-Config / PUCCH-ConfigurationList) is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell).
· FFS: CSI and SR

Agreement
In addition to HARQ-Ack of PDSCH dynamically scheduled by a DCI indicating a PUCCH carrier, the dynamic target carrier indication also applies to:
· HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI based on the indication in the activation DCI
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
· FFS: Additional cases

Agreement
Semi-static PUCCH carrier switching is applicable to all UCI types incl. HARQ-ACK, SR and CSI. 
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