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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, UE feedback enhancements for HARQ-ACK are discussed.

2. HARQ-ACK feedback enhancements 
2.1. SPS HARQ-ACK deferring for TDD
In Rel.15/16, all the SPS PDSCHs in an SPS configuration has a fixed K1value indicated by the SPS activation DCI. With the introduction of shorter SPS periodicities in Rel.16, the HARQ-ACK for SPS PDSCH may be dropped with a high probability when the corresponding PUCCH resource collides with at least one DL or flexible symbol. At RAN1#104-e meeting, it was agreed to support SPS HARQ-ACK deferring for SPS HARQ-ACK dropping due to TDD collision.
	Agreements:
· [bookmark: _Hlk62406356]Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation



RRC configuration for SPS HARQ-ACK deferral
For how to configure SPS HARQ-ACK deferral, following agreements were made in RAN1#104-e. 
	Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral


Option 1 leads to simpler configuration than option 2. Option 2 is more flexible than option 1 considering possible different requirements for different SPS configurations. On the other hand, if maximum effective K1 limitation (i.e. k1eff =k1+ k1def) is configured per SPS configuration, option 2 can be achieved by option 1 via the maximum effective K1 limitation.
Proposal 1: Support option 1, i.e. joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group. 

SPS HARQ-ACK deferral condition
Condition of SPS HARQ-ACK deferral for TDD was discussed at RAN1#104b-e but no conclusion was made. Three alternatives were discussed as following. 
	· 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?
· Alt. 1A “Defer SPS HARQ even if multiplexing & transmission based on PRI in initial slot would be possible”
· See CATT comments /reply to Nokia in Table in Sec. 2.4   
· Changes the UCI multiplexing in the initial slot – if SPS HARQ PUCCH resource is overlapping, it will be deferred even though it could still be multiplexed e.g. due to PRI overriding
· Increases SPS HARQ latency – but not prune to missed DCI issue
· Alt. 2 – “Consider intra-slot deferral before inter-slot deferral”
· If understood by the moderator correctly, if the SPS HARQ-ACK resource is not valid (and no multiplexing with other UCI in the slot), the UE will look for an alternative PUCCH resource from another PUCCH resource set (i.e. intra-slot deferral)
· Alternative resource may be from PUCCH_ResourceSet (e.g. Samsung) or another (e.g. newly configured) alternative set for SPS HARQ (e.g. Intel)
· Only if ‘intra-slot’ deferral is not possible; the UE considers inter-slot SPS HARQ deferral
· Missed DCI issue is less of an issue, as the alternative PUCCH resource may be valid. 



For Alt 1A, UCI multiplexing in initial slot is changed compared to Rel-16. It also increases SPS HARQ-ACK latency, which may make SPS HARQ-ACK deferral less efficient. For Alt. 2, SPS HARQ-ACK is deferred only when there is no available SPS HARQ-ACK PUCCH resource or any other PUCCH resource in the initial slot/sub-slot. It implies that candidate PUCCH resource for the SPS HARQ-ACK in initial slot/sub-slot can be other PUCCH resources (e.g. PUCCH resource configured for dynamic HARQ-ACK, or CSI, etc.), which contradicts with the motivation to introduce a separately configured PUCCH resource for SPS HARQ-ACK PUCCH in Rel-16. It’s better to keep candidate PUCCH resource for non-deferred SPS HARQ-ACK in initial slot/sub-slot aligned with Rel-16 behaviour. Furthermore, UE behaviour would be complicated to select a PUCCH resource (e.g. how to determine PRI) with Alt. 2. Therefore, Alt. 1 is preferred that SPS HARQ-ACK is deferred only when the selected PUCCH resource in initial slot/sub-slot using the PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN overlaps with invalid symbol. Regarding the issue in case of missed DCI for Alt. 1, the issue already exists in Rel-15/16 intra-UE multiplexing, and hence, no special handling is necessary.
For the definition of “not valid”, in order to avoid ambiguity between gNB and UE, it’s better to not determine deferral based on SFI indication. Therefore, the “invalid” symbol stands for semi-static DL symbol or SSB symbol. 
[bookmark: _Ref68186314]Proposal 2: Support Alt. 1. 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, where the “invalid” symbol stands for semi-static DL or SSB symbol.
Definition of “next available PUCCH resource”
For the definition of “next available PUCCH resource”, following aspects need to be considered. 
· TDD collision aspect. At least semi-static DL symbol, and the symbol configured as SSB or CORESET#0 reception should not be included in “available PUCCH resource”. For semi-static flexible symbol, if dynamic SFI indication is taken into account when determining the validity, possible ambiguity between gNB and UE may happen. However, if semi-static flexible symbols are all considered as invalid, the deferral latency may be large. Therefore, semi-static flexible symbol can be included in the “next available PUCCH resource”.
· K1 limitation for deferral. It was agreed in RAN1#104b-e to define maximum effective K1 to limit SPS HARQ-ACK deferral. The remaining issue is how to configure the maximum effective K1 limitation. Considering possible different targets/requirements for different SPS configurations, maximum effective K1 can be configured per SPS configuration.
· Candidate PUCCH resource. Since deferred SPS HARQ-ACK and non-deferred SPS HARQ-ACK may be transmitted in the same HARQ-ACK CB, candidate PUCCH resource for deferred SPS HARQ-ACK needs to be aligned with candidate PUCCH resource for non-deferred SPS HARQ-ACK. Considering PUCCH resource for non-deferred SPS HARQ-ACK is PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN, candidate PUCCH resource for deferred SPS HARQ-ACK is configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN 
· UCI multiplexing consideration. It has been agreed that multiplexing is before cancellation due to TDD collision for Rel-16 UE behaviour. Considering SPS HARQ-ACK deferral aims to solve HARQ-ACK dropping issue due to TDD collision, it’s natural that multiplexing is before SPS HARQ-ACK deferral determination in the initial slot/sub-slot. It’s better to keep such behaviour for SPS HARQ-ACK deferral aligned with behaviour in initial slot, i.e. intra-UE multiplexing is considered when determining target deferral slot/sub-slot. On the other hand, lower latency can be achieved than considering multiplexing after determination of target deferral slot/sub-slot as shown figure 1. In the example of figure 1, if multiplexing for the deferred SPS HARQ-ACK and dynamic HARQ-ACK is considered when determining PUCCH resource in the S slot, the selected PUCCH resource is valid and the target deferral slot is determined as the S slot. However, if multiplexing is considered after target deferral slot/sub-slot is determined, i.e. only deferred SPS HARQ-ACK is taken into account for deferral PUCCH resource selection in the S slot, the selected deferral PUCCH resource is invalid due to collision with semi-static DL symbol. In this case, the target deferral slot/sub-slot is the U slot after the S slot. 
[image: ]
Figure 1. Example of intra-UE multiplexing consideration for target deferral slot/sub-slot determination
[bookmark: _Ref68186335]Proposal 3: For definition of “next available PUCCH resource”, 
· The “next available PUCCH resource” is the PUCCH resource in the earliest sub-slot/slot after the K1 indicated sub-slot/slot considering at least following conditions:
· Maximum effective K1 limitation is configured per SPS configuration.
· the PUCCH for deferred HARQ-ACK transmission in the sub-slot/slot has no collision with any semi-static DL symbol and SSB symbol.
· Keep the UE behavior for deferred SPS HARQ-ACK aligned with that in initial slot/sub-slot. 
· Candidate PUCCH resource for non-deferred SPS HARQ-ACK is PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN. 
· Intra-UE multiplexing is considered when determining target deferral slot/sub-slot.
HARQ-ACK CB impact
Two cases need to be considered. 
Case 1: the HARQ-ACK CB only contains deferred SPS HARQ-ACK bits. 
Case 2: the HARQ-ACK CB includes deferred and also non-deferred SPS HARQ-ACK bits.
For case 1, ordering deferred SPS HARQ-ACK bits into one HARQ-ACK CB is the simplest method.
For case 2, for type 1 HARQ-ACK CB, two possible methods can be considered: 1) K1 set or HARQ-ACK window extension to include slots for SPS PDSCHs with deferred HARQ-ACK; 2) Deferred SPS HARQ-ACK bits are appended after non-deferred HARQ-ACK bits. The second method can also be applied to type 2 HARQ-ACK CB construction. From the simplicity perspective and to maintain one common method for both type 1 and type 2 HARQ-ACK feedback, appending method is preferred. 
Therefore, the main issue is how to determine the order of deferred SPS HARQ-ACK bits. Rel.16 SPS HARQ-ACK bit order principle as in clause 9.1.2 of TS38.213 can be the baseline, i.e. based on serving cell index, SPS configuration index, SPS PDSCH slot index.
[bookmark: _Ref68186392]Proposal 4: For HARQ-ACK CB construction for SPS HARQ-ACK deferring
· If UE reports only deferred SPS HARQ-ACK information in the HARQ-ACK CB, simply order deferred SPS HARQ-ACK bits.
· If UE reports non-deferred HARQ-ACK information and deferred SPS HARQ-ACK information in the HARQ-ACK CB, deferred SPS HARQ-ACK bits are appended after non-deferred bits.
· For ordering deferred SPS HARQ-ACK bits, Rel.16 SPS HARQ-ACK bit order principle as in clause 9.1.2 of TS38.213 can be the baseline, i.e. based on serving cell index, SPS configuration index, SPS PDSCH slot index.

2.2. HARQ-ACK retransmission
In RAN1#105-e, following working assumption was made to support HARQ-ACK retransmission by enhanced type 3 HARQ-ACK CB with smaller size, and by one-shot triggering of HARQ-ACK retransmisson. To make progress for this topic, we propose to confirm the working assumption first.
	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



Proposal 5: Confirm the working assumption for HARQ-ACK retransmission.
Enhanced type 3 HARQ-ACK CB with smaller size
Before discussing enhanced type 3 HARQ-ACK CB with smaller size, here we discuss the relationship between different priorities for HARQ-ACK and type 3 HARQ-ACK CB (without smaller size) introduced in Rel-16 at first. In Rel.16 URLLC WI, priority indicator field is introduced for DCI 0_1/0_2/1_1/1_2. HARQ-ACK with different priorities will be reported in two separate HARQ-ACK CBs. On the other hand, Type 3 HARQ-ACK feedback triggering by DCI 1_1 is introduced in R16 NR-U WI without considering priority indicator field or separate HARQ-ACK CB for different priorities. Therefore, clarification is needed whether DCI 1_1 can be simultaneously configured enabling one-shot HARQ-ACK feedback and priority indicator field existing in DCI 1_1. Moreover, if permitted, how to construct type 3 HARQ-ACK CB considering different priorities of HARQ-ACK for different HARQ process IDs. Two alternatives can be considered:
· Alt. 1: Construct type 3 HARQ-ACK CB for all HARQ process IDs regardless of priority indicated for each HARQ-ACK bit. LP or HP PUCCH resource for the type 3 HARQ-ACK CB is determined by priority indicator field in the triggering DCI if exists.
· Alt. 2: Separately construct type 3 HARQ-ACK CB for different priorities. The priority indicator field may be used for indicating type 3 HARQ-ACK CB of which priority will be reported.
Alt. 1 has no specification impact on type 3 HARQ-ACK CB construction procedure. Alt. 2 has smaller HARQ-ACK CB size with only one priority. But the uncertain HARQ-ACK CB size may cause ambiguity between gNB and UE. Furthermore, specification impact on type 3 HARQ-ACK construction procedure is needed in Alt. 2. Therefore, Alt 1 is preferred. 
[bookmark: _Ref68186401]Proposal 6: If DCI 1_1 can be simultaneously configured with one-shot HARQ-ACK feedback and priority indicator field existing in DCI 1_1, type 3 HARQ-ACK CB consists of all HARQ process IDs regardless of priority indicated for each HARQ-ACK bit. The priority of the HARQ-ACK PUCCH is determined by physical priority indicator in the triggering DCI. 

Then, regarding enhanced type 3 HARQ-ACK CB with smaller size, with the definition of enhanced type 3 HARQ-ACK CB with smaller size in the working assumption, RRC configured sub-set of HARQ processes and/or serving cells can lead to robust HARQ-ACK CB size and simpler specification impact on type 3 HARQ-ACK CB construction. To make the enhanced type 3 HARQ-ACK CB more flexible, more than one CBs with smaller size can be configured. Which type 3 HARQ-ACK CB (legacy or enhanced, which of the multiple configured enhanced CBs) to be reported can be indicated by the triggering DCI. Assuming the DCI to trigger (enhanced) type 3 HARQ-ACK CB doesn’t schedule any PDSCH, some un-used fields can be reused.
Proposal 7: Support the configuration with more than one enhanced type 3 HARQ-ACK CBs with smaller size. Triggering DCI indicates which type 3 HARQ-ACK CB to be reported.

One shot-triggering of dropped HARQ-ACK on PUCCH/PUSCH
Enhanced type 3 HARQ-ACK CB is determined based on RRC configuration. It is more appropriate for the cases like retransmission of SPS HARQ-ACK, HARQ-ACK retransmission only for certain serving cells, etc. A more flexible/dynamic method is one-shot triggering for HARQ-ACK retransmission by DCI 1_1 or DCI 1_2. 
To make it possible to include multiple HARQ-ACK CBs in one retransmission HARQ-ACK PUCCH (e.g. HARQ-ACK CBs in consecutive slots are dropped due to consecutive DL slots), a time window can be used to indicate which HARQ-ACK CB(s) will be reported for the retransmission. In order to avoid ambiguity issue, all HARQ-ACKs (regardless of dropped or not dropped) in the time window will be reported for retransmission. The time window can be indicated by the triggering DCI similarly to TDRA, e.g. slot offset and slot duration are indicated to determine the slot-level time window. TDRA field is possible to be reused for the indication if no PDSCH is scheduled by the triggering DCI. Priority indication can also work together with the time window indication. For example, if the priority indicator field indicates “high priority”, only HP HARQ-ACKs in the time window will be reported for HARQ-ACK retransmission. 
If one-shot retransmission of multiple HARQ-ACK CBs is triggered, the reported HARQ-ACK CB for retransmission can be generated by simply appending the original multiple HARQ-ACK CBs, or by re-ordering HARQ-ACK bits in the original HARQ-ACK CBs.
[bookmark: _Ref68186484]Proposal 8: Support one-shot triggering of HARQ-ACK retransmission for all HARQ-ACKs in a time window.
2.3. PUCCH repetition enhancements
It was agreed at RAN1#104-e to support sub-slot based PUCCH repetition for HARQ-ACK and PUCCH repetition for PUCCH formats 0 and 2.
	Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed
Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition



For dynamic repetition indication discussed in CovEnh WI, repetition factor configured per PUCCH resource and/or indicated by DCI are possible to be specified. Either method can be directly applied to sub-slot based repetition case.
For slot-based PUCCH repetition for PUCCH formats 0 and 2, it is already supported for MTRP. Similarly, it can be supported for single TRP case.
There is no strong motivation to support sub-slot based PUCCH repetition for SR and CSI. Moreover, considering SR and CSI resource are slot-based configured in Rel-15/16, supporting sub-slot based repetition for SR and/or CSI will require huge specification impact for SR and/or CSI PUCCH resource configuration. Therefore, it is not preferred
[bookmark: _Ref68186557]Proposal 9: Support slot-based PUCCH repetition for PUCCH formats 0 and 2.
Proposal 10: Do not support sub-slot based PUCCH repetition for SR and CSI.

2.4. Type 1 HARQ codebook based on sub-slot PUCCH config 
In RAN1#104b-e, it has been agreed to support Type-1 HARQ-ACK codebook for sub-slot based HARQ-ACK feedback. 

	Agreement: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· FFS: whether the PDSCH TDRA grouping is performed per DL slot or sub-slot
· Decide between PDSCH TDRA grouping per DL slot and sub-slot during RAN1#105-e 



The remaining issue for discussion is whether the TDRA grouping/pruning is based on slot or sub-slot. As discussed a lot in RAN1#104b-e, slot based TDRA grouping/pruning can result in smaller CB size. While sub-slot based TDRA grouping/pruning requires less/simpler specification impact on current type 1 HARQ-ACK CB generation pseudo code. From simplicity and specification impact perspective, sub-slot based TDRA grouping/pruning is preferred.
[bookmark: _Ref68186565]Proposal 11: Support sub-sot based TDRA grouping/pruning for type 1 HARQ codebook for sub-slot based HARQ-ACK feedback in Rel.17.

2.5. PUCCH carrier switching for HARQ feedback
PUCCH carrier switching based on dynamic indication in DCI and semi-static configuration has been agreed in RAN1#105-e.
	Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral



As the moderator suggests, details of dynamic PUCCH carrier switching only and semi-static PUCCH carrier switching only should be clarified first.
PUCCH carrier switching based on DCI indication
For PUCCH carrier switching based on DCI, dedicated field in DCI can be used to indicate target PUCCH cell, for which 1 bit or 2 bits to indicate one cell from 2 or 4 cells with PUCCH-Config is enough. From specification and UE complexity perspective, it is not expected that HARQ-ACKs of two PDSCHs are indicated on different cells with overlapping of the HARQ-ACK slots, an example of which is shown in Figure 2. For such case, complicated rules need to be defined to resolve dynamic HARQ-ACK CB multiplexing. It should be avoided by gNB scheduling. 
[image: ]
Figure 2: Example of overlapped HARQ-ACK slots on different PUCCH cells
Proposal 12: A dedicated DCI field is used to indicate target PUCCH cell. UE doesn’t expect overlapping of HARQ-ACK slots indicated by DCI on different PUCCH cells.
With DCI enhancement to introduce the target PUCCH cell field, another issue to be clarified is whether the new field will be applied for SPS HARQ-ACK if it exists in the DCI format used for SPS activation. If the field is applied, which means the target cell for SPS PDSCHs of the SPS configuration is the target PUCCH cell indicated in the activation DCI, and if it is allowed to be different for different SPS configurations, similar overlapping issue for SPS HARQ-ACK slots on different PUCCH cells may occur. Unlike HARQ-ACK with DCI, target cell and K1 for SPS HARQ-ACK can’t be adopted dynamically. It is difficult to avoid such case. Therefore, it is not expected different target PUCCH cells to be indicated in activation DCIs for different SPS configurations. Another solution is to ignore the field for SPS activation DCI and determine a default cell (e.g. PCell/PScell/PUCCH-Scell) as the target PUCCH cell for all SPS configurations. The latter one is simper and we think it is enough to avoid the issue of overlapping in different PUCCH cells.
Proposal 13: The dedicated target PUCCH cell is not applied for SPS HARQ-ACK if the field exists in the activation DCI. A default cell (e.g. PCell/PScell/PUCCH-Scell) is determined as the target PUCCH cell for SPS PDSCHs of all SPS configurations.
Regarding multiplexing considering PUCCH carrier switching, we think the multiplexing of dynamic HARQ-ACK and SPS HARQ-ACK should be prioritized first. 
· If dynamic HARQ-ACK overlaps with SPS HARQ-ACK slot on the same PUCCH cell, i.e. Rel-15/16 case, dynamic HARQ-ACK and SPS HARQ-ACK are multiplexed according to Rel-15/16 procedure. 
· If dynamic HARQ-ACK overlaps with SPS HARQ-ACK slot on different PUCCH cells, SPS HARQ-ACK can be multiplexed with dynamic HARQ-ACK. Three cases with different numerology assumptions need to be considered.
[image: ]
Figure 3: Example of three possible cases for overlapping of dynamic and SPS HARQ-ACK slots

· Case 1: one dynamic HARQ-ACK slot overlaps with only one SPS HARQ-ACK slot on different PUCCH cells.
· SPS HARQ-ACK is multiplexed to the dynamic HARQ-ACK slot on the target cell indicated by DCI.
· Case 2: multiple dynamic HARQ-ACK slots overlaps with one SPS HARQ-ACK slot on different PUCCH cells
· SPS HARQ-ACK is multiplexed to the first overlapping dynamic HARQ-ACK slot on the target cell indicated by DCI. 
· Case 3: one dynamic HARQ-ACK slot overlaps with multiple SPS HARQ-ACK slots on different PUCCH cells.
· SPS HARQ-ACKs in the multiple SPS HARQ-ACK slots are multiplexed to the same overlapping dynamic HARQ-ACK slot on the target cell indicated by DCI.
If SPS HARQ-ACK on other cells are determined to be multiplexed to a dynamic HARQ-ACK slot on the target cell indicated by DCI, SPS HARQ-ACKs on different cells can be simply appended after the type 1/2 HARQ-ACK CB generated on the dynamic HARQ-ACK slot on the target cell.
Proposal 14: If there is overlapping of SPS HARQ-ACK slot and dynamic HARQ-ACK slot on different PUCCH cells, SPS HARQ-ACK will be multiplexed to the dynamic HARQ-ACK slot on the target cell indicated by DCI. SPS HARQ-ACK CBs on other cells are appended after the original type 1/2 HARQ-ACK CB generated for the dynamic HARQ-ACK slot.
PUCCH carrier switching based on semi-static configuration
It was agreed in RAN1#105-e that semi-static PUCCH carrier switching is based on a PUCCH cell timing pattern. Some further details are expected to be discussed in RAN1#106-e.
For the semi-static PUCCH carrier switching based on PUCCH cell timing pattern, UE should first determine PUCCH resource (Time-Frequency) on default/reference cell (PCell/PScell/PUCCH-Scell in Rel-16). The UE determines which PUCCH cell corresponding to the PUCCH resource, according to the PUCCH cell timing pattern. It’s straightforward to use the numerology of PCell/PScell/PUCCH-Scell as the reference numerology to define/configure the PUCCH cell timing pattern. To make UE behaviour simpler, slot level granularity indication based on TDD configuration length can be applied. 
Proposal 15: For semi-static PUCCH carrier switching, the PUCCH cell timing pattern is defined based on the numerology of PCell/PScell/PUCCH-Scell. Slot-level granularity indication based on TDD configuration length will be applied.
It was agreed that PUCCH cells with different numerologies are possible. For such case, how to determine PUCCH resource on the target cell (indicated by PUCCH cell timing pattern) for a PUCCH before switching (e.g. on PCell/PScell/PUCCH-Scell) needs to be clarified.
· Case 1: SCS of target cell is equal to SCS of PCell/PScell/PUCCH-Scell.
· One slot on PCell/PScell/PUCCH-Scell maps to one slot on the target cell. PUCCH resource is selected in the corresponding slot on the target cell.
· Case 2: SCS of target cell is larger than SCS of PCell/PScell/PUCCH-Scell.
· Multiple slots on PCell/PScell/PUCCH-Scell maps to the same slot on the target cell. The slot overlapping with the PUCCH slot on PCell/PScell/PUCCH-Scell is the PUCCH slot after PUCCH carrier switching.
· It needs to be clarified whether it is allowed that multiple PUCCHs on multiple PCell/PScell/PUCCH-Scell slots are multiplexed in the same slot on target cell.
[image: ]
Figure 4: Example of case 2
· Case 3: SCS of target cell is smaller than SCS of PCell/PScell/PUCCH-Scell.
· One slot on PCell/PScell/PUCCH-Scell can map to multiple slots on the target cell. The first slot overlapping with the PUCCH slot on PCell/PScell/PUCCH-Scell can be determined as the PUCCH slot after PUCCH carrier switching.
[image: ]
Figure 5: Example of case 3
Proposal 16: If SCS of target cell is different from the SCS of PCell/PScell/PUCCH-Scell,
· If SCS of target cell is larger than SCS of PCell/PScell/PUCCH-Scell, the slot overlapping with the PUCCH slot on PCell/PScell/PUCCH-Scell is the PUCCH slot after PUCCH carrier switching.
· If SCS of target cell is smaller than SCS of PCell/PScell/PUCCH-Scell, the first slot overlapping with the PUCCH slot on PCell/PScell/PUCCH-Scell is determined as the PUCCH slot after PUCCH carrier switching.

3. Conclusion
In this contribution, we discussed the UE feedback enhancements for HARQ-ACK for eIIoT/URLLC. Based on the discussion, we made following proposals.
Proposal 1: Support option 1, i.e. joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group. 
Proposal 2: Support Alt. 1. 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, where the “invalid” symbol stands for semi-static DL or SSB symbol.
Proposal 3: For definition of “next available PUCCH resource”, 
· The “next available PUCCH resource” is the PUCCH resource in the earliest sub-slot/slot after the K1 indicated sub-slot/slot considering at least following conditions:
· Maximum effective K1 limitation is configured per SPS configuration.
· the PUCCH for deferred HARQ-ACK transmission in the sub-slot/slot has no collision with any semi-static DL symbol and SSB symbol.s
· Keep the UE behavior for deferred SPS HARQ-ACK aligned with that in initial slot/sub-slot. 
· Candidate PUCCH resource for non-deferred SPS HARQ-ACK is PUCCH resource configured by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN. 
· Intra-UE multiplexing is considered when determining target deferral slot/sub-slot.
Proposal 4: For HARQ-ACK CB construction for SPS HARQ-ACK deferring
· If UE reports only deferred SPS HARQ-ACK information in the HARQ-ACK CB, simply order deferred SPS HARQ-ACK bits.
· If UE reports non-deferred HARQ-ACK information and deferred SPS HARQ-ACK information in the HARQ-ACK CB, deferred SPS HARQ-ACK bits are appended after non-deferred bits.
· For ordering deferred SPS HARQ-ACK bits, Rel.16 SPS HARQ-ACK bit order principle as in clause 9.1.2 of TS38.213 can be the baseline, i.e. based on serving cell index, SPS configuration index, SPS PDSCH slot index.

Proposal 5: Confirm the working assumption for HARQ-ACK retransmission.
Proposal 6: If DCI 1_1 can be simultaneously configured with one-shot HARQ-ACK feedback and priority indicator field existing in DCI 1_1, type 3 HARQ-ACK CB consists of all HARQ process IDs regardless of priority indicated for each HARQ-ACK bit. The priority of the HARQ-ACK PUCCH is determined by physical priority indicator in the triggering DCI. 
Proposal 7: Support the configuration with more than one enhanced type 3 HARQ-ACK CBs with smaller size. Triggering DCI indicates which type 3 HARQ-ACK CB to be reported.
Proposal 8: Support one-shot triggering of HARQ-ACK retransmission for all HARQ-ACKs in a time window.
Proposal 9: Support slot-based PUCCH repetition for PUCCH formats 0 and 2.
Proposal 10: Do not support sub-slot based PUCCH repetition for SR and CSI.
Proposal 11: Support sub-sot based TDRA grouping/pruning for type 1 HARQ codebook for sub-slot based HARQ-ACK feedback in Rel.17.
Proposal 12: A dedicated DCI field is used to indicate target PUCCH cell. UE doesn’t expect overlapping of HARQ-ACK slots indicated by DCI on different PUCCH cells.
Proposal 13: The dedicated target PUCCH cell is not applied for SPS HARQ-ACK if the field exists in the activation DCI. A default cell (e.g. PCell/PScell/PUCCH-Scell) is determined as the target PUCCH cell for SPS PDSCHs of all SPS configurations.
Proposal 14: If there is overlapping of SPS HARQ-ACK slot and dynamic HARQ-ACK slot on different PUCCH cells, SPS HARQ-ACK will be multiplexed to the dynamic HARQ-ACK slot on the target cell indicated by DCI. SPS HARQ-ACK CBs on other cells are appended after the original type 1/2 HARQ-ACK CB generated for the dynamic HARQ-ACK slot.
Proposal 15: For semi-static PUCCH carrier switching, the PUCCH cell timing pattern is defined based on the numerology of PCell/PScell/PUCCH-Scell. Slot-level granularity indication based on TDD configuration length will be applied.
Proposal 16: If SCS of target cell is different from the SCS of PCell/PScell/PUCCH-Scell,
· If SCS of target cell is larger than SCS of PCell/PScell/PUCCH-Scell, the slot overlapping with the PUCCH slot on PCell/PScell/PUCCH-Scell is the PUCCH slot after PUCCH carrier switching.
· If SCS of target cell is smaller than SCS of PCell/PScell/PUCCH-Scell, the first slot overlapping with the PUCCH slot on PCell/PScell/PUCCH-Scell is determined as the PUCCH slot after PUCCH carrier switching.
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