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Introduction
In RAN1#103-e, the following were agreed for further study for HARQ-ACK feedback enhancements. 

	Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 

Agreements: In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.

Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
· FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …

Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
a. FFS: Details
2. NACK skipping (ACK-only) (Alt. 2)
a. FFS: Details
3. HARQ bundling / compression (Alt. 3)
a. FFS: Details including HARQ bundling / compression window, bundling / compression technique
4. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
a. The skipping / disabling is higher-layer configured per SPS configuration
b. FFS: HARQ-ACK skipping behaviour for Type 1 CB



This contribution considers remaining issues for HARQ-ACK reporting in Rel-17 IIoT. 

Discussion
1 
2 
SPS HARQ-ACK dropping for TDD
Several options were considered to address SPS HARQ-ACK dropping for TDD and a resulting conclusion is to down-select between two options: option 1 is to defer HARQ-ACK until a next available PUCCH and option 2 is to provide dynamic triggering like one-shot (Type-3 HARQ-ACK CB) for retransmitting dropped SPS HARQ-ACK. From a high-level perspective, option 2 can already be supported using a DCI format to schedule a PDSCH reception and trigger a corresponding HARQ-ACK feedback. Moreover, option 2 is against the principle of using SPS PDSCH receptions (i.e. not rely on PDCCH) and may not be feasible due to associated PDCCH overhead/available resources when outcomes for SPS PDSCH receptions by multiple UEs need to be acknowledged in a same slot, particularly considering that the corresponding DCI format needs to be detected with very low BLER. Further, option 2 introduces another source for errors (missed detection of a DCI format) to SPS PDSCH based communication. 
Observation 1: Using a DCI format to trigger PUCCH transmission with HARQ-ACK information for SPS PDSCH receptions is unnecessary and introduces several drawbacks to SPS PDSCH based communications.  
Option 1 has been a functional approach since LTE and is according to existing network implementations.  A UE considers semi-statically configured UL symbols to determine available PUCCH resources. The UE determines a set of SPS PDSCHs that is associated with a single available PUCCH resource to transmit PUCCH with HARQ-ACK based on the K1 HARQ-ACK timing value. Although semi-static F symbols could also be considered to minimize HARQ-ACK feedback latency, it is not reasonable to assume that the detection probability for SFI or DCI scheduling PDSCH/CSI-RS (including low priority ones) has higher reliability than the detection of DCI formats for scheduling high priority PDSCH (through the associated PUCCH) in order to avoid having an impact on URLLC performance. 
	Proposal 1: Support option 1 (deferring HARQ-ACK until a next available PUCCH) for SPS HARQ-ACK dropping in TDD. 
In addition, other PUCCH resource sets (e.g., PUCCH-ResourceSet for HARQ-ACK for dynamic grant PDSCH) could be considered as an alternative to minimize a probability of deferring HARQ-ACK reports for SPS PDSCH. For example, as shown in Figure 1, PUCCH #0 is configured in sps-PUCCH-AN-List-r16 (PUCCH for SPS PDSCHs only) while PUCCH #1 and PUCCH #2 are configured in PUCCH-ResourceSet (PUCCH for dynamic scheduled PDSCHs). In this example, in slot 0, PUCCH #0 conflicts with DL symbol and cannot be used to transmit the HARQ-ACK of SPS PDSCH, PUCCH #2 can be used regardless of whether there is HARQ-ACK of dynamic scheduled PDSCH in the slot to avoid deferring the transmission of HARQ-ACK information to a next slot. There is only one PUCCH resource for HARQ-ACK of SPS PDSCH for a given HARQ-ACK payload, gNB cannot always avoid the PUCCH conflicting with DL symbols in each slot because semi-static DL/UL configurations can be different in different slots. On the contrary, there can be multiple PUCCH resources for HARQ-ACK of dynamic scheduled PDSCH for a given HARQ-ACK payload, gNB can configure PUCCH resources on different symbols to avoid HARQ-ACK dropping.
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Figure 1. An example of PUCCH resources configured in a slot
Observation 2: Using PUCCH resources configured in PUCCH-ResourceSet to transmit HARQ-ACK of SPS PDSCH is beneficial for latency of HARQ-ACK in TDD.
 In the slot where PUCCH for HARQ-ACK of SPS PDSCH is configured but overlaps with semi-static configured downlink symbols, a UE can transmit PUCCH with HARQ-ACK for SPS PDSCH using an available resource for dynamically schedules PDSCH in the slot. 
Proposal 2: Support using PUCCH resources configured in both sps-PUCCH-AN-List-r16 and PUCCH-ResourceSet to transmit HARQ-ACK of SPS PDSCH in TDD.

SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH
There are two alternatives to further study. A first alternative is to provide “NACK skipping” for (skipped) SPS PDSCH. A second alternative is to dynamically provide an indication of skipped SPS PDSCH occasions. The first alternative requires that a UE is able to detect skipped SPS PDSCH which is not possible. Note that, unlike “skipped” PUCCH or PUSCH transmissions due to failed detection of DCI formats or due to specified UE procedures for dropping, a network cannot be expected to leave completely unused the resources that correspond to skipped SPS PDSCH and a UE cannot be expected to determine absence of signal reception. It is noted that, with the exception of PUCCH format 0/1 that are essentially modulated/unmodulated RS, DTX detection is not sufficiently reliable even for eMBB purposes when using the few DMRS associated with other PUCCH formats or with PUSCH even in absence of any other intra-cell transmission in associated resources. 
For the second alternative, the following are identified drawbacks - most as similar as the drawbacks for triggering HARQ-ACK reports for SPS PDSCH receptions. 
· A UE needs to detect dynamic indication, and it requires unnecessary PDCCH resource considering that it needs new DCI format that is another side impact of specification works. 
· DCI BLER needs to also be more accurate than HARQ-ACK BLER that requires huge PDCCH resources. 
· A UE configured for SPS PDSCH receptions needs to detect a DCI format scheduling HARQ-ACK – that is against the notion of SPS PDSCH. 
· Network will also be burdened to transmit such DCI formats to many UEs that happen to receive SPS PDSCH (when the main reason for SPS PDSCH is to avoid PDCCH overhead)
· Another source of errors is introduced through the use of DCI formats that need to have lower BLER than the SPS PDSCH/PUCCH BLER to avoid an impact. 
· Overall latency may also increase if the PDCCH transmission needs to be part of it. Specification effort will also be non-trivial.
· Almost same operation with configuring larger periodicity of SPS PDSCH and scheduling DCI for PDSCH between consecutive SPS PDSCHs that is already supported by current specification. 

Proposal 3: SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCHs is not supported.

SPS HARQ payload size reduction (of non-skipped SPS PDSCH)
There are 4 alternatives consideration. Alt. 1 is ACK skipping, Alt. 2 is NACK skipping, Alt. 3 is HARQ bundling/compression, and Alt. 4 is HARQ-ACK disabling/skipping for a certain SPS configurations.
. For Alt. 3, based on past evaluations for time domain bundling, DL performance/throughput loss is too large (can even exceed 10%) to be offset by saving a few HARQ-ACK bits.  The motivation for Alt.4 is unclear – e.g. it is unclear what is special for some SPS configurations but not for others or what is the benefit from saving a few HARQ-ACK bits to motivate a network to operate ‘blindly’ for some SPS PDSCH configurations. Alt. 2 can be supported only in case of HARQ-ACK multiplexing in PUCCH and only for SPS PDSCH. It is also noted that, in case of more than 2 HARQ-ACK bits, there is no difference between NACK and DTX (single NACK/DTX state). 
Proposal 4: Support skipping of a PUCCH transmission with NACK-only HARQ-ACK information.

PUCCH repetition enhancements
As per RAN#90 discussion, sub-slot based PUSCCH repetition could be considering in this WID. Sub-slot based PUCCH repetition can reduce latency compared to slot based PUCCH repetition, especially in TDD. Further, “sub-slot” based PUCCH repetition has been agreed to be supported in Rel-17 MIMO – that is basically done by changing the spatial filter after the first half of the repetitions – it is trivial to consider that it is also supported without changing the spatial filter. For a 2-symbol “sub-slot” configuration, only PUCCH formats 0 and 2 are supported and repetition is not supported for those PUCCH formats. Although it could be argued that configuration of a 7-symbol “sub-slot” can provide the required coverage gain, an associated assumption is that PUCCH coverage is supported as in Rel-16 which has been widely realized to be problematic and dynamic repetitions are considered in Rel-17 coverage enhancements but that is limited only to eMBB and does not consider PUCCH formats 0 and 2 (it is left for Rel-17 URLLC to consider). There is no fundamental reason to not support dynamic coverage enhancements for all URLLC configurations, including the case of a “sub-slot” length of 2 symbols. 
Proposal 5: Support sub-slot based PUCCH repetitions for all PUCCH formats. 

Retransmission of cancelled HARQ
In RAN1#103-e, several proposals were discussed for a UE to provide HARQ-ACK information that was multiplexed in a dropped PUCCH/PUSCH transmission. Re-using Type-3 HARQ-ACK codebook was suggested as a possible option under a justification of 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. For example, a Rel-15 gNB obviously does not support the codebooks introduced in NR-U, the same holds for a Rel-16 gNB that did not introduce support for shared spectrum operation - there should be no expectation for a corresponding gNB implementation to change in Rel-17 due to IIoT. Also, even for NR-U, support of Type-3 HARQ-ACK codebook is not mandatory. 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. Basically, importing NR-U designs to IIoT (and the reverse) is out of scope. 
Further, without considering requirements for new UE/gNB implementations or the scope of the Rel-17 IIoT WI, using the Type-3 HARQ-ACK has been widely realized to be inappropriate for Rel-17 IIoT and “enhancements” were suggested. Although no details for a design were offered, such enhancements possibly include using activated instead of configured cells (but that is also applicable to all other codebooks and not only Type-3) or explicitly indicating HARQ processes for the UE to provide HARQ-ACK (but that cannot work in general without coarse indications) – essentially, that would be a new codebook based on the Type-3 codebook. 
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 rather rare event and a probability for consecutive occurrences can be considered small enough to not optimize a design for (gNB can just reschedule for the LP HARQ-ACK – overall impact on spectral efficiency would be negligible).  A Rel-15 gNB can use an UL grant to trigger a transmission of a PUSCH without UL-SCH and with only A-CSI. That UL grant can be also used to request HARQ-ACK information that was in a dropped PUSCH/PUCCH transmission. There is no additional overhead compared to triggering a Type-3 HARQ-ACK codebook transmission, there is no requirement to design new/enhanced HARQ-ACK codebooks, there is no requirement for new UE/gNB implementations from re-triggering a HARQ-ACK codebook retransmission, and there is no unnecessary information/overhead in the HARQ-ACK codebook. 
Proposal 6: Use an UL grant scheduling a PUSCH without UL-SCH to request HARQ-ACK information that was multiplexed in a dropped PUSCH/PUCCH transmission.

Type 1 HARQ codebook based on sub-slot PUCCH configuration
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. 
[bookmark: _GoBack]Proposal 7: 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. 

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 2 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 8: Consider potential Type-1 HARQ-ACK codebook enhancements for intra slot repetition and for removing duplicated HARQ-ACK information in Rel-17.

PUCCH carrier switching for HARQ feedback
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, in case of 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. 
From a RAN1 perspective, specification impacts include the UE maintaining at least one additional CLPC adjustment state and being provided corresponding TPC commands (also by DCI format 2_2 - a similar issue is considered in Rel-17 MIMO for multi-TRP support), perform additional path-loss measurements as, generally, the pathloss RS can be different between the PUSCH and the PUCCH on a cell (already allowed since Rel-15, e.g. due to independent setting of spatial filters, although it may not be typical for FR1), determination of spatial filters and of HARQ-ACK timing due to potentially different SCS configurations on the two or more cells that can be used for PUCCH transmissions. A PUCCH transmission with repetitions (and also a PUSCH transmission with repetitions) may need to follow same mechanisms. Further, there is no apparent need to limit applicability of such mechanism only to HARQ-ACK and can also directly apply to SR/LRR and CSI.  
Proposal 9: Consider only inter-band CA for supporting PUCCH cell selection for PUCCH transmission in Rel-17. 
Regardless of PUCCH cell switching, 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 10: The HARQ-ACK timing indicator counts only slots with PUCCH resources for PUCCH carrier switching. 

UCI multiplexing on PUSCH
[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 11: 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.

Conclusions
This contribution discussed for HARQ-ACK feedback enhancement for Rel-17. The followings are proposals in contribution. 
Proposal 1: Support option 1 (deferring HARQ-ACK until a next available PUCCH) for SPS HARQ-ACK dropping in TDD. 
Proposal 2: Support using PUCCH resources configured in both sps-PUCCH-AN-List-r16 and PUCCH-ResourceSet to transmit HARQ-ACK of SPS PDSCH in TDD.
Proposal 3: SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCHs is not supported.
Proposal 4: Support skipping of a PUCCH transmission with NACK-only HARQ-ACK information.
Proposal 5: Support sub-slot based PUCCH repetitions for all PUCCH formats. 
Proposal 6: 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 7: 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 8: Consider potential Type-1 HARQ-ACK codebook enhancements for intra slot repetition and for removing duplicated HARQ-ACK information in Rel-17.
Proposal 9: Consider only inter-band CA for supporting PUCCH cell selection for PUCCH transmission in Rel-17. 
Proposal 10: The HARQ-ACK timing indicator counts only slots with PUCCH resources for PUCCH carrier switching. 
Proposal 11: 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.

Appendix 
[1] R1-2008159, HARQ-ACK feedback enhancements for Rel-17 URLLC/IIoT, Samsung, RAN1#103-e
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