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Introduction
This contribution discusses remaining issues (SPS HARQ-ACK deferring, Retransmission of cancelled HARQ, SPS HARQ skipping/payload size reduction, PUCCH repetition, Sub-slot based Type 1 HARQ-ACK CB, PUCCH carrier switching and other issue not to discussed) for HARQ-ACK reporting in Rel-17 IIoT. 

Discussion
1 
2 
SPS HARQ-ACK deferring
How to configure SPS HARQ-ACK deferring
There was a discussion on how to configure SPS HARQ-ACK deferring and the following was agreed in [1] for down-selection between option 1 and option 2. 
	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 2 allows more flexibility for additional RRC overhead. It is unclear why a network would want to configure HARQ-ACK deferral for some SPS configurations but not for others in order to justify the additional RRC signalling. This issue is clearly not among the more important ones and should be discussed later after finalizing 1) how SPS HARQ-ACK deferral is implemented and 2) how HARQ-ACK codebook is constructed considering SPS HARQ-ACK deferral. 
Proposal 1: Deprioritize discussion on configuration for SPS HARQ-ACK deferral until fundamental aspects for the overall operation are progressed. 

How to defer SPS HARQ-ACK considering dynamic PUCCH resource together 
In Ran1#104-e, how to defer SPS HARQ-ACK feedback was discussed and deferring based on semi-static configuration was agreed in [1] as follows. 
	Agreements:
· 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



For the FFS, there was additional discussion on possible conditions, and the following proposals was captured in [2]. 
	· 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 (added by moderator / CATT) – “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. 
· Alt. 3 - Defer if there is no available symbol for an UL transmission in the initial slot/sub-slot
· No change to UCI multiplexing in the initial slot
· Rather conservative approach (less deferral than maybe needed) – but very reliable (i.e. missed DCI does not matter) 



In Rel-16, a UE can transmit PUCCH with SPS HARQ-ACK on a PUCCH resource configured by SPS-PUCCH-AN-List-r16 (or n1PUCCH-AN) or the other PUCCH resource indicated by a DCI among PUCCH-ResourceSet. In this sense, PUCCH resources indicated by a DCI format should also be considered to determine whether SPS HARQ-ACK would be deferred or not. 
For Alt.1, although it can be argued that DCI BLER is small, a gNB would need to do blind detection whenever SPS HARQ-ACK is deferred. This case is critical in case of multiple SPS configuration(s) because it is likely that some of SPS PDSCHs are deferred due to semi-static DL/SSB/CORESET 0 configuration, and other SPS PDSCHs are not deferred. 
For Alt. 1A, this is different UE behavior on UCI multiplexing, but there is no issue if a UE misses scheduling DCI. However, since it always defers SPS HARQ-ACK, it increases HARQ-ACK latency which is not favorable for URLLC purpose. 
For Alt. 3, it is understood that UE would defer SPS HARQ-ACK if there are not available configured PUCCH resources among SPS-PUCCH-AN-List-r16 (or n1PUCCH-AN) and PUCCH-ResourceSet. Although there is no issue of missed DCI or change of other UCI multiplexing, HARQ-ACK dropping probability would increase and Alt. 3 provides minimal gain compared to other alternatives. 
Alt. 2 avoids the disadvantages of other alternatives, such as reliance on DCI detection or additional latency, for supporting SPS HARQ-ACK referral. 
Proposal 2: Support Alt. 2 “intra-slot deferral before inter-slot deferral” for SPS HARQ-ACK deferral.  

Limitations on k1def
There was an agreement on deferring maximum or minimum time in [1] as the following. 
	Agreements: For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0)  
· FFS: if there is a limit on the maximum deferral 



The motivation to support SPS HARQ-ACK deferral is to improve spectral efficiency and operating robustness by avoiding dropped HARQ-ACK feedback. If a deferring time increases too much, HARQ stalling can occur and a UE would then need to have reduced data rates. It will also be harder for a network to control usage of future PUCCH resources. In addition,  a long latency is not appropriate for some URLLC services even though the gNB can in principle control the latency. Therefore, defining a maximum deferral time is beneficial and it is also considered for repetitions of a PUCCH/PUSCH transmission in Rel-17. On the other hand, there is no apparent reason to define a minimum deferral. k1def  can be defined in the same unit as k1 and have an RRC configurable value. 
Proposal 3: RRC configuration provides a number of slots of PUCCH transmission for maximum deferral of SPS HARQ-ACK reporting.   

Multiplexing vs. deferring, and HARQ-ACK CB construction
There was an agreement that UCI multiplexing/PUCCH overriding are reused as Rel-16 in [1] as the following. 
	Agreements: Rel-16 UCI multiplexing  / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.



Based on above agreement, there was an additional discussion on how multiplexing and deferring can be operated in the target slot, and following question was raised in [2]. 
	Question 2.3.2: How should the target slot of the deferral be determined, if the PUCCH resource of which PUCCH config is at least colliding with DL/SSB (semi-static flexible symbols is FFS) 
· Alt. 1: Only deferred SPS HARQ codebook size is considered, using SPS-PUCCH-AN-List-r16 or n1PUCCH-AN
· Alt. 2: Only deferred SPS HARQ codebook size is considered, using SPS-PUCCH-AN-List-r16, n1PUCCH-AN or other configured PUCCH resources(s)
· FFS: other configured PUCCH resource(s) (e.g., PUCCH-ResourceSet, multi-CSI-PUCCH-ResourceList)
· Alt. 3: Deferred SPS HARQ and initial (SPS or DG) HARQ is considered, using SPS-PUCCH-AN-List-r16, n1PUCCH-AN or PUCCH-ResourceSet
· Alt. 4: … 
· Alt. 5: …


 
On the question 2.3.2, Rel-16 provides rules for PUCCH resource determination for HARQ-ACK of SPS PDSCH based on payload size. Multiple payload sizes for a HARQ-ACK codebook of SPS PDSCH are possible when there are multiple SPS is configurations or when the UL SCS and DL SCS are different. Since it is possible that deferred SPS HARQ-ACK is multiplexed with HARQ-ACK for other SPS configurations, deferred SPS HARQ-ACK and initial (or other deferred) SPS HARQ-ACK should be considered together. Regarding whether or not to consider DG HARQ-ACK, the gNB and the UE will have different understanding of the HARQ-ACK payload when the UE misses a scheduling DCI. Similar to determining conditions for deferring SPS HARQ-ACK, it is preferable to consider PUCCH-ResourceSet with other SPS PUCCH resources (SPS-PUCCH-AN-List-r16, n1PUCCH-AN) together and the following is proposed (Alt. 3 without considering DG). 
Proposal 4: Consider deferred SPS HARQ and other initial (or deferred) SPS HARQ using SPS-PUCCH-AN-List-r16, n1PUCCH-AN, or PUCCH-ResourceSet to determine the target slot

Out-of-order HARQ condition. 
There was a discussion on how to determine out-of-order HARQ when SPS HARQ-ACK is deffered. A similar discussion occurred in Rel-16 NR-U (RAN1#102-e) when an initial HARQ-ACK transmission is cancelled due to LBT. The following was concluded without a specification impact. 
	Conclusion:
If the UE is provided with pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16 or with pdsch-HARQ-ACK-OneShotFeedback-r16:
·       In a given scheduled cell, the UE is not expected to receive a first PDSCH and a second PDSCH, starting later than the first PDSCH, with its corresponding initial HARQ-ACK transmission occasion assigned to be transmitted on a resource ending before the start of a different resource for the initial HARQ-ACK transmission occasion assigned to be transmitted for the first PDSCH.
·       This clarifies that examples C4-Case1 and C4-Case2, as discussed in R1-2007390, are allowed



Although the specific reason for SPS HARQ-ACK deferring is different than for HARQ-ACK deferring in NR-U, the fundamental reason is same (UE cannot transmit corresponding PUCCH) and having a same conclusion is applicable. Therefore, the initial HARQ-ACK transmission occasion is considered in order to determine out-of-order HARQ in case of SPS HARQ-ACK deferring since there is no UE implementation issue related to pipelining and parallel processing. 
Proposal 5: Initial HARQ-ACK transmission occasion is considered to determine out-of-order HARQ in case of SPS HARQ-ACK deferring. 
There is another issue that may happen due to the deferral of HARQ-ACK of SPS PDSCHs. According to TS 38.214, the UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process [3]. In case of HARQ-ACK deferral, UE may receive another SPS PDSCH before the transmission of the HARQ-ACK transmission of the former SPS PDSCH for a same HARQ process. Further, the periodicity of SPS PDSCH configuration can be 1 slot, a few slots deferral can cause this issue. 
For example, as shown in Figure 1, the HARQ-ACK is deferred by 2 slots, UE receives another SPS PDSCH with HARQ process 0 in slot 4 before transmitting the HARQ-ACK of SPS PDSCH received in slot 0. It is necessary to clarify UE’s behaviour in this case. There can be at least two candidate UE behaviours as following,
Behaviour 1: UE considers SPS PDSCH received in slot 4 as a valid PDSCH, UE clears the HARQ buffer of SPS PDSCH received in slot 0.
Behaviour 2: UE considers SPS PDSCH received in slot 4 as an invalid PDSCH, UE does not clear the HARQ buffer of SPS PDSCH received in slot 0.
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Figure 1
Behaviour 1 is simply but the HARQ buffer is cleared and there will be HARQ combining gain loss if gNB schedules a retransmission of the earlier SPS PDSCH. Behaviour 2 will have extra standard impact.
The same issue can happen to dynamic scheduled PDSCH as well, however, it can be avoided by gNB implementation if the later PDSCH is a dynamic scheduled PDSCH.
Proposal 6: Down select from the two options if UE receives another PDSCH for a given HARQ process before the end of the expected transmission of HARQ-ACK for that HARQ process due to the HARQ-ACK deferral of SPS PDSCH.
-	Option 1) UE considers later received PDSCH as a valid PDSCH, UE clears the HARQ buffer of earlier PDSCH.
-	Option 2) UE considers later received PDSCH as an invalid/empty PDSCH.

Retransmission of cancelled HARQ
Retransmission of cancelled HARQ
In RAN1#104-e, several proposals were discussed for a UE to provide HARQ-ACK information that was multiplexed in a dropped PUCCH/PUSCH transmission, and following suggestion was made in [2] for further discussion. 
	For further discussions on re-transmission of cancelled HARQ, the following categorization is to be used for further discussions in RAN1:
· One-shot triggering of Enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration or activation
· this would still include RRC configuration of sub-set of HARQ processes & / serving cells, only activated serving cells, SPS HARQ-ACK of SPS configuatoins or a subset of RRC configured or activated SPS configurations, …
· this may include dynamic DCI indication of triggering one of M applicable enhanced Type 3 CBs (combination of RRC configuration and DCI indication, e.g. different subset of cells / HARQ processes, SPS HARQ only, …)
· .. but this would not include: dynamic payload size optimization based on the number of (actually) dropped SPS HARQ-ACK (incl. time domain window, etc.)
· One-shot triggering of a ‘Type 4’ CB: 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells) but the size of the codebook is NOT given by RRC configuration and/or activation
· This allows the transmission of any dropped HARQ-ACK (SPS / DG PDSCH, with or without time domain window, etc.), as long as the bits in the codebook follow the Type 3 principle using ordering according to HARQ-ID and serving cell
· this would not allow re-transmission triggering of dropped HARQ-ACK using the same codebook as initially intended 
· One-shot triggering of dropped HARQ-ACK: 
· The UE is provided a trigger and a PUSCH/PUCCH resource to transmit the dropped HARQ-ACK.
· This may or may not include in addition some time windowing



Enhanced Type-3/new Type-4 HARQ-ACK codebook were suggested as possible options under a rationale of being an NR-U based UE feature where a UE that supports Type-3 HARQ-ACK codebook can also support it in non-shared spectrum. However, it should be clear that a UE/gNB that does not support NR-U, does not support Type-3 (or enhanced Type-2) HARQ-ACK codebook. Also, even for NR-U, support of a Type-3 HARQ-ACK codebook by a UE is optional. Additionally, using the Rel-16 Type-3 HARQ-ACK has been widely realized to be inappropriate for Rel-17 IIoT. Enhancements have therefore been suggested. Further, even the trivial aspect of supporting the NR-U codebooks with DCI formats 0_2 and 1_2 on shared spectrum was discussed in RAN plenary and was not agreed to introduce. 

More importantly, use of Type-3 based HARQ-ACK codebook or introduction of associated enhancements would be a solution that doesn’t have a problem. The issue is that a UE may drop low priority PUCCH/PUSCH with HARQ-ACK due to collisions with high priority PUCCH/PUSCH. Unlike NR-U where there can be multiple LBT failures that are not under the gNB control before a UE can transmit a PUCCH/PUSCH with HARQ-ACK, a LP/HP PUCCH/PUSCH collision in non-shared spectrum would be a rare event and a probability for consecutive occurrences can be considered small enough to not optimize for (gNB can just reschedule in such case – overall impact on spectral efficiency would be negligible). There is no need to define a new codebook or enhancements to any Rel-16 codebook. The UE can be triggered to transmit a PUCCH/PUSCH with the HARQ-ACK codebook that the UE dropped due to HP/LP collision.    
A Rel-15 gNB can use an UL grant to trigger a transmission of a PUSCH without UL-SCH and with only A-CSI. An UL grant can be also used to request HARQ-ACK information that the UE dropped. There is no additional overhead compared to triggering a Type-3 HARQ-ACK codebook, there is no unnecessary information/overhead in the triggered HARQ-ACK codebook (unlike for Type-3 or any of its enhancements), there is no requirement to modify/design new/enhanced HARQ-ACK codebooks, there is no requirement for new UE/gNB implementations from triggering a HARQ-ACK codebook retransmission, and the specification impact is simple.
Proposal 7: A UE can be triggered to multiplex dropped HARQ-ACK information in a PUSCH/PUCCH.

SPS HARQ skipping & payload size reduction (for skipped & non-skipped SPS PDSCH)
There was extensive discussion on whether/how SPS HARQ skipping & payload size reduction is considered, and following was finally captured in [2]. 
	1. NACK skipping: 
· Defer if there is no available symbol for an UL transmission in the initial slot/sub-slot
2. Dynamic indication of skipped SPS PDSCH occasions 
· details of your preferred dynamic indication methods 
· common/UE-specific DCI / MAC CE : structure of the DCI / MAC CE, time window or how to indicate more than one SPS occasion 
· specific DM-RS instead of SPS DM-RS: DM-RS details
3. ‘ACK skipping’ for SPS PDSCH
· Additional details including e.g. RRC configuration details, potential additional restrictions, …
4. HARQ bundling / compression 
· Please check the questions / discussions in the 2nd & 3rd round (Sec. 4.2 & 4.3)
· When (& how) should the bundling & compression be applied – based on what traffic properties or similar (e.g. jitter window handling, …) – i.e. provide also some motivation for the proposed bundling / compression
5. HARQ-ACK disabling /skipping for certain SPS configurations 
· HARQ-ACK skipping behavior for Type 1 CB?



NACK skipping can be motivated for small reduction in UE power consumption and, when the corresponding PUCCH resource can be re-used, for PUCCH overhead reduction. It is meaningful when there is a large probability that the gNB will not transmit any SPS PDSCHs with corresponding HARQ-ACK in a given slot. Given the sporadic traffic nature for IIoT, that is a valid scenario. ACK skipping can be motivated for similar reasons as for NACK skipping and relies on the large probability that all HARQ-ACK bits will have ACK value. It would be less useful than NACK-skipping as most of the time there will not be SPS PDSCH transmissions to a UE. NACK-skipping and ACK-skipping cannot be simultaneously supported (e.g. gNB cannot know ACK from NACK in case of single SPS PDSCH transmission for a given HARQ-ACK reporting). Either NACK skipping or ACK skipping cannot be supported when a UE transmits PUCCH or PUSCH (due to other UCI or due to overlapping of the PUCCH resource with a PUSCH) as the gNB needs to rely on PUCCH DTX to determine NACK or ACK in case of NACK skipping or ACK skipping. Due to the sporadic nature of IIoT traffic, NACK skipping would be more useful than ACK skipping and for that reason it is preferable (and RRC configuration to introduce choice between NACK skipping and ACK skipping is not warranted).  
  
Dynamic indication of skipped SPS PDSCH occasions does not provide any benefits as even the 24 CRC bits of an associated DCI format would offset any potential gains without even considering implementation or specification aspects.

The purpose of HARQ bundling/compression is unclear for IIoT. Further, other than the spatial domain where bundling can be configured by the gNB (and is anyway unlikely to have spatial multiplexing for IIoT), time-domain or cell-domain bundling have been known to result to large throughput losses. Moreover, large HARQ-ACK payloads are not typical for IIoT (e.g. unlikely use of CA, CBGs, or spatial multiplexing). 

HARQ disabling/skipping for some SPS configurations but not for others also relates to a similar discussion for SPS HARQ-ACK skipping. The motivation for a gNB to pick by RRC some SPS PDSCH configurations for HARQ-ACK reporting but not pick others is unclear – this issue is not important and, if necessary, may be revisited later. 
Proposal 8: Support skipping of a PUCCH transmission with NACK-only HARQ-ACK information.

PUCCH repetition enhancements
The following were agreed in RAN1#104-e on sub-slot based PUCCH repetitions [1]. 
	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



There are two remaining cases: a first case is whether or not repetitions using PUCCH format 0 & 2 are also applicable to slot-based PUCCH repetitions, and the second case is whether or not to support sub-slot based PUCCH repetitions for other UCI types (than HARQ). For the above both cases, it is not clear what scenario is meaningful to improve something. For slot-based repetitions, PF 1/3/4 could be used for coverage as there are no latency considerations and there is no need to extend support to PF 0/2. For supporting repetitions for PF 0/2 for other UCI types, that may be further considered only for SR although the need for RRC-based configuration of repetitions with PF 0/2 is not evident. 

Type 1 HARQ codebook based on sub-slot PUCCH config.
There was a discussion on sub-slot based semi-static HARQ codebook. However, no consensus was made. Basically, type-1 HARQ-ACK codebook is not meaningful for URLLC but can be considered in Rel-17 for sub-slot based HARQ-ACK reporting for the completeness of the specification, if the specification/implementation impacts are marginal. 
According to the pseudo-code in the current specification, the UE determines a set of occasions for candidate PDSCH receptions in 2 steps: 
	Step1: Determine candidate UL slots and corresponding DL slots for candidate PDSCH receptions based on the HARQ-ACK timing set (slot-level K1) 
· If one UL slot overlaps with multiple DL slots, there is a loop for multiple DL slots (i.e. while ). 
· If one DL slot overlaps with multiple UL slots, there is a condition to ensure no duplicated calculation of the DL slot overlapping with the multiple UL slots, i.e. only enter the loop for one of the UL slots (i.e. if ). 
Step 2: Do pruning based on TDD configuration and SLIVs for each DL slot determined in step 1. 


To support sub-slot based HARQ-ACK feedback, the UL slot index nu should be sub-slot index. In step 1, the candidate UL sub-slots and corresponding DL slots is determined based on sub-slot level HARQ-ACK timing set and the number of sub-slots N per UL slot on top of existing handling of different DL/UL numerologies, e.g. replacing  by , and replacing  by . 
In last meeting, there were some proposals to reduce the codebook size by removing some redundant bits, e.g. removing SLIVs ending in a UL sub-slot other than the candidate UL sub-slots.  In fact, such redundancy can be controlled by gNB with a proper configuration for K1 set and TDRA table. Therefore, such codebook size reduction is acceptable only if the additional standard effort is marginal, e.g. adding simple check in step 2 to delete SLIVs not ending in candidate UL sub-slot; otherwise, it is not worthwhile to do such optimization. 
There were also some proposals to split a TDRA table into several sub-groups based on virtual DL sub-slot, and do pruning per virtual DL sub-slot. Apparently, it does not only complicate the whole procedure by introducing new concept of virtual DL sub-slot, but also results in more redundant bits than legacy DL-slot based pruning,  in case of overlapped SLIVs ending in different virtual DL sub-slots. Therefore, no additional steps other than existing per DL slot pruning is needed. 
Proposal 9: Consider potential support of Type-1 HARQ-ACK codebook based on sub-slot PUCCH configuration subject to minimal additional specification/implementation complexity. 
· Determine candidate UL sub-slots and corresponding DL slots for candidate PDSCH receptions based on the HARQ-ACK timing set (sub-slot-level K1) and number of UL sub-slots N per UL slot on top of existing procedure for different DL/UL numerologies. 
· Do pruning based on TDD configuration and SLIVs for each DL slot, wherein the SLIVs end in candidate UL sub-slots. 

PUCCH carrier switching for HARQ feedback
There was an agreement for PUCCH carrier switching in [1] as the following. 
	Agreements: For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study



Without explicit motivation, Alt. 2C is ad-hoc (on top of Alt. 2B). Alt. 2B will presumably introduce some rule such as to transmit on the primary cell if available and on an SCell if the primary cell is not available where availability can be determined based on Rel-16 rules (e.g. TDD UL-DL configuration, presence of SS/PBCH blocks, etc.). However, the UE will need to do similar checking on the SCell and there may be additional impacts on resolving overlapping with other PUCCH/PUSCH. Alt. 1 offloads all such aspects to the network and lets the network decide – 1 additional bit (or even 2 in case of extendibility to more SCells) in the DCI format is not a problem. 

Proposal 10: Consider only Alt. 1 (PUCCH carrier switching based on indication in DCI) and Alt. 2B (PUCCH carrier switching based on semi-static rules) for further study on PUCCH carrier switching in a PUCCH group.

Scenarios where it is useful to support PUCCH carrier switching for HARQ-ACK reporting where discussed in RAN1#103-e. For single-cell FDD or for FDD-TDD CA operation with FDD PCell, there is no benefit (assuming no capacity issues for the FDD PCell as may happen, for example, due to LTE-NR coexistence). For single-cell TDD or for TDD-FDD CA with TDD PCell, a UE can generally provide a HARQ-ACK faster if the PUCCH cell is selected dynamically (e.g. either based on PUCCH resource availability on the PCell (i.e. implicit indication by DCI for DG-PDSCH), or based on explicit indication by DCI, etc.). Further, as intra-band UL-DL configurations are currently same on all cells, switching cells for transmission should be limited to inter-band CA to avoid at least a large RAN4 impact in Rel-17. However, as usual, RAN1 specifications are expected to be agnostic to whether CA is intra-band or inter-band. 
Proposal 11: Consider only inter-band CA for supporting PUCCH cell selection for PUCCH transmission in Rel-17. 

PUSCH reception robustness with increased number of (SPS) HARQ-ACK bits
[bookmark: _Toc131306784]In Rel-15, if a UE multiplexes HARQ-ACK information in a PUSCH and the number of HARQ-ACK information bits is not larger than 2, the UE uses reserved REs for up to 2 HARQ-ACK bits to avoid PUSCH decoding error due to an incorrect HARQ-ACK payload size caused by one missed PDCCH (scheduling 2 TBs) or by two missed PDCCHs (scheduling 1 TB or having HARQ-ACK bundling). Basically, Rel-15 aims to handle vulnerability for one or two PDCCH missed detections also depending on the existence of an SPS HARQ-ACK bit. 
In Rel-16, while such vulnerability with small number of DG HARQ-ACK bits still needs to be handled, multiple active SPS configurations and smaller SPS periodicity may result in multiple SPS HARQ-ACK bits. As a result, the incorrect HARQ-ACK payload size caused by missing 1-2 PDCCH detections corresponding to 1-2 DG HARQ-ACK bits may happen for a larger number of HARQ-ACK bits when several SPS HARQ-ACK bits are present. Therefore, the condition of reserving REs for up to 2 bits is not suitable and enhancements are necessary for example by increasing the number of HARQ-ACK bits for reserved REs.
Proposal 12: Maintain PUSCH reception robustness due to multiplexing 1-2 HARQ-ACK bits from dynamic scheduling also when multiple HARQ-ACK bits from SPS PDSCH receptions are multiplexed in the PUSCH.

Type 1 HARQ-ACK codebook enhancement for intra-slot repetition 
In Rel-16 eMIMO, multi-TRP PDSCH repetition was introduced to improve reliability. However, Type-1 HARQ-ACK codebook size is not fully optimized for the PDSCH repetition scheme. For example, 2 SLIVs are configured in the TDRA table as shown in Figure 1 and these two SLIVs are not overlapping. There will be 2 bits for this slot in current Type-1 HARQ-ACK codebook. However, when intra slot repetition is enabled, the SLIV should be extended and the extended SLIVs can be overlapped as shown in the figure. Type-1 HARQ-ACK codebook can be determined based on the extended SLIVs. In the example of Figure 2, there is only one candidate PDSCH reception in the slot and the size of the HARQ-ACK codebook can be reduced in half. Further, even though the 2 TRPs transmit the same TB (for single PDCCH/dual PDSCH case targeting URLLC), the UE generates corresponding HARQ-ACK information twice in the same HARQ-ACK codebook. Basically, there are several typical URLLC cases where the HARQ-ACK codebook size is currently twice or ever four times larger than it needs to be for no reason. 


Figure 2. An example of extended SLIV for intra slot repetition
Proposal 13: Consider potential Type-1 HARQ-ACK codebook enhancements for intra slot repetition and for removing duplicated HARQ-ACK information in Rel-17.

HARQ-ACK feedback timing indicator
The agreement in Rel-17 MIMO regarding the timing of SRS triggering being applicable only to slots with SRS resources needs to also apply for the HARQ-ACK timing. In typical/actual deployments, and particularly for single-cell or intra-band CA operation, it is not possible to ensure existence of PUCCH resources in case of “sub-slot” based timing with an up to 3-bit HARQ-ACK timing indicator – this is clearly the case for a 2-symbol “sub-slot” but can also happen for a 7-symbol sub-slot.  
Proposal 14: The HARQ-ACK timing indicator counts only slots with PUCCH resources for PUCCH carrier switching. 


Conclusions
This contribution discussed for HARQ-ACK feedback enhancement for Rel-17. The followings are proposals in contribution. 

Proposal 1: Deprioritize on discussion for configuration for SPS HARQ-ACK deferral until that other detailed operations are visible. 
Proposal 2: support alt. 2 “intra-slot deferral before inter-slot deferral” for SPS HARQ-ACK deferral.  
Proposal 3: consider to make a limitation on the maximum deferral.   
Proposal 4: consider deferred SPS HARQ and other initial (or deferred) SPS HARQ using SPS-PUCCH-AN-List-r16, n1PUCCH-AN or PUCCH-ResourceSet to determine the target slot
Proposal 5: Initial HARQ-ACK transmission occasion should be considered to determine out-of-order HARQ in case of SPS HARQ-ACK deferring. 
Proposal 6: Down select from the two options if UE receives another PDSCH for a given HARQ process before the end of the expected transmission of HARQ-ACK for that HARQ process due to the HARQ-ACK deferral of SPS PDSCH.
-	Option 1) UE considers later received PDSCH as a valid PDSCH, UE clears the HARQ buffer of earlier PDSCH.
-	Option 2) UE considers later received PDSCH as an invalid/empty PDSCH.
Proposal 7: Use an UL grant scheduling a PUSCH without UL-SCH to request HARQ-ACK information that was multiplexed in a dropped PUSCH/PUCCH transmission.
Proposal 8: Support skipping of a PUCCH transmission with NACK-only HARQ-ACK information.
Proposal 9: Consider potential support of Type-1 HARQ-ACK codebook based on sub-slot PUCCH configuration subject to minimal additional specification/implementation complexity. 
· Determine candidate UL sub-slots and corresponding DL slots for candidate PDSCH receptions based on the HARQ-ACK timing set (sub-slot-level K1) and number of UL sub-slots N per UL slot on top of existing procedure for different DL/UL numerologies. 
· Do pruning based on TDD configuration and SLIVs for each DL slot, wherein the SLIVs end in candidate UL sub-slots. 

Proposal 10: Consider alt. 1 (PUCCH carrier switching is based dynamic indication in DCI) and alt. 2B (PUCCH carrier switching is based on certain (semi-static) rules) for study on PUCCH carrier switching in a PUCCH group
Proposal 11: Consider only inter-band CA for supporting PUCCH cell selection for PUCCH transmission in Rel-17. 
Proposal 12: Maintain PUSCH reception robustness due to multiplexing 1-2 HARQ-ACK bits from dynamic scheduling also when multiple HARQ-ACK bits from SPS PDSCH receptions are multiplexed in the PUSCH.
Proposal 13: Consider potential Type-1 HARQ-ACK codebook enhancements for intra slot repetition and for removing duplicated HARQ-ACK information in Rel-17.
Proposal 14: The HARQ-ACK timing indicator counts only slots with PUCCH resources for PUCCH carrier switching. 

Appendix 
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