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Introduction
In RAN1#102-e, the following were agreed for further study for HARQ-ACK feedback enhancements. 

	Agreements:
Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 
· This topic is to be considered as high priority
· FFS detailed solution(s)

Agreements:
Study further at least the following schemes:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback
Companies are encouraged to provide detailed analysis and comparison accordingly



This contribution discusses the above schemes as well as UCI multiplexing on PUSCH. 

Discussion
1 
2 
Avoiding SPS HARQ-ACK dropping for TDD due to PUCCH collision
Rel-15/16 SPS is used to allocate SPS PDSCH resources and corresponding PUCCH resources for HARQ-ACK feedback in semi-static and periodic manner. According to the agreement from RAN1#102-e, it is simple to determine PUCCH resources that are available for transmitting a PUCCH with HARQ-ACK feedback for DL SPS. In Rel-16, it is likely that the PUCCH transmission would be cancelled due to following reasons: 
A. A subset of symbols are indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated
B. For a subset of symbols indicated as flexible by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, or not provided by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated
a) UE detects DCI format 2_0 indicating downlink or flexible symbol, or a DCI format to receive CSI-RS or PDSCH
b) UE misses DCI format 2_0

In order for a UE to determine an available PUCCH resource to transmit PUCCH with HARQ-ACK feedback for SPS PDSCH, there are two candidate solutions. The first candidate is that the available PUCCH resource consists of only uplink symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. The second candidate is that available PUCCH resource consists of uplink and flexible symbols indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, or flexible symbols in case that tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated are provided to the UE. 
For the first candidate, the gNB knows the PUCCH resources that are available to the UE regardless of DCI information while for the second candidate, the gNB and the UE may have different understanding. For example, when gNB transmits a PDCCH with DCI format 2_0 to switch flexible symbols to uplink symbols and the UE misses DCI format 2_0, the UE would not transmit the PUCCH while the gNB expects to receive and needs to rely on DTX detection while the UE can cause a collision with another UE by transmitting PUCCH using incorrect resources. Further, since it is highly likely that a set of PUCCH resources would determine a set of corresponding SPS PDSCHs for the UE to report HARQ-ACK in Rel-17, the gNB and the UE may determine a set of SPS PDSCHs differently in case of the second candidate.
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Figure 1. An example of PUCCH collision for SPS operation
	For example, as shown in Fig. 1, there are 5 consecutive SPS PDSCHs for a SPS configuration and corresponding 5 HARQ-ACK resources, and first 3 HARQ-ACK resources are cancelled. In case that the first and second HARQ-ACK resources are cancelled due to semi-static TDD configuration and the third HARQ-ACK resource is cancelled due to missed DCI format 2_0 which is indicating UL symbols, for the second candidate, the UE would determine the fourth resource as available PUCCH resource to provide HARQ-ACK information for SPS PDSCH 1, 2, 3 and 4. However, the gNB assumes that the UE would determine the third PUCCH resource to provide HARQ-ACK information for SPS PDSCH 1, 2 and 3, and would determine the fourth PUCCH resource as available to provide HARQ-ACK information for SPS PDSCH 4. That problem does not happen for the first candidate solution. Although SFI missing probability is typically expected to be small relative to eMBB target BLERs , it is still likely to be large for URLLC target BLERs and the second candidate still needs another solution to “avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision”. Therefore, it is preferable that a UE considers only semi-static TDD configurations for determining available PUCCH resources for PUCCH transmission with HARQ-ACK information in response to SPS PDSCH receptions. 
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Figure 2. An example of determining a set of SPS PDSCHs
If the UE determines available PUCCH resources only based on semi-static TDD configuration, the UE can determine valid PUCCH resources without dependence on detection of DCI formats. Based on the K1 value (PDSCH to HARQ-ACK feedback timing) indicated in a DCI format activating the SPS PDSCH receptions, on the configured SPS periodicity, and on the semi-static TDD configurations, the UE can determine a set of SPS PDSCHs and corresponding HARQ-ACK information to be included in PUCCH transmissions using available consecutive PUCCH resource. For example, as shown in Fig. 2, SPS PDSCH 2, 3, 4 and 5 are considered as a set of SPS PDSCHs for HARQ-ACK feedback included in a PUCCH transmission using available PUCCH resource i with the consideration of previous available PUCCH resource i-1 and k1. 
Besides, the definition of PUCCH resource needs to be clarified. In Rel-16, a dedicated PUCCH resource list sps-PUCCH-AN-List-r16 is configured for SPS PDSCH only HARQ-ACK codebook in addition to the PUCCH resources sets PUCCH-ResourceSet configured for DG PDSCH HARQ-ACK codebook. As shown in Figure 3, PUCCH #0 is configured in sps-PUCCH-AN-List-r16 while PUCCH #1 and PUCCH #2 are configured in PUCCH-ResourceSet. In this example, PUCCH #0 conflicts with DL symbol and cannot be used to transmit the SPS PDSCH HARQ-ACK, PUCCH #2 can be used regardless of whether there is HARQ-ACK of DG PDSCH in the slot to avoid deferring the transmission of HARQ-ACK information to a next slot.
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Figure 3. An example of PUCCH resources configured in a slot
Proposal 1: Support only semi-static TDD configuration for determining available PUCCH resources for PUCCH transmission with HARQ-ACK information in response to SPS PDSCH receptions. 
Proposal 2: A UE determines a set of SPS PDSCHs with corresponding HARQ-ACK information provided by a PUCCH transmission and a PUCCH resource for the PUCCH transmission based onK1 value, and semi-static TDD configuration. 

SPS HARQ skipping for ‘skipped’ SPS PDSCH or ‘non-skipped’ SPS PDSCH  
Regarding generation of HARQ-ACK information for “skipped” SPS PDSCH, it is unreasonable to assume that a UE can reliably determine skipped SPS PDSCH. SPS PDSCH DTX detection probability is not as accurate as required for URLLC BLER levels and an incorrect determination can lead to an incorrect HARQ-ACK codebook. Note that unlike PUSCH/PUCCH DTX detection where there is no intra-cell interference (and still PUSCH DTX detection probability is not highly reliable), it cannot be assumed that the gNB will not transmit other signalling in SPS PDSCH resources (otherwise, it is detrimental to even consider ‘skipped’ SPS PDSCH to save a few HARQ-ACK information bits or a PUCCH transmission). Moreover, RAN4 tests would be required for the UE.. Therefore, a UE can only be expected to decode for TBs in configured SPS PDSCH receptions and generate corresponding HARQ-ACK information. When a “skipped” SPS PDSCH occurs due to collisions with uplink symbols or flexible symbols, a UE would determine NACK and in such case it can be considered to do SPS HARQ-ACK skipping (that is, UE does not transmit corresponding PUCCH) if all HARQ-ACK information for SPS PDSCH receptions in a PUCCH transmission would have ‘NACK’ value. It is noted that Rel-16 behavior should continue to apply when the UE multiplexes HARQ-ACK information for SPS PDSCH receptions in a PUSCH or with other UCI in a PUCCH.  
Regarding “non-skipped” SPS PDSCH receptions, two cases are considered. The first case is that a UE skips a PUCCH transmission with HARQ-ACK information if the value is ACK. The second case is that a UE skips a PUCCH transmission with HARQ-ACK information if the value is NACK. For the first case, the gNB cannot distinguish ACK and DTX (no detection) and it is quite problematic for satisfying high reliability requirement. The second case can be considered if the PUCCH resource includes all NACKs for corresponding SPS PDSCH receptions. Moreover, this can be further extended to dynamic scheduled PDSCH receptions, possibly by configuration.  
Observation 1: A UE cannot be expected to determine absence of SPS PDSCH reception and should generate HARQ-ACK information without “skipping”. 
Proposal 3: Consider skipping a PUCCH transmission with only HARQ-ACK information in response to SPS PDSCH reception when all corresponding values are ‘NACK’. 

PUCCH repetition
In Rel-15, PUCCH repetition is supported only for PUCCH formats 1, 3 and 4 (a.k.a. long PUCCH formats). In Rel-16 eURLLC, PUSCH repetition type B was added to reduce PUSCH transmission latency and improve reliability regardless of slot boundary or TDD configuration. Similar motivation can be considered for PUCCH transmission to improve reliability. For example, if 2 symbols are available at the end of a slot for PUCCH transmissions, for example due to “PDSCH to HARQ-ACK” processing timeline, the gNB can indicate a PUCCH resource over 2 symbols in the slot or indicate a PUCCH resource over more than 2 symbols in the next slot. In this example, the first option allows for short HARQ-ACK reporting delay but is less reliable due to the shorter length of the PUCCH transmission while the reverse holds for the second option. 

For reducing the probability of dropped PUCCH transmissions, either extension of PUSCH repetition type B into PUCCH transmission or sub-slot based PUCCH repetition can be considered. A PUCCH repetition type B will be able to use all available UL or flexible symbols with a PUCCH structure that is optimized for DMRS overhead an in Rel-15 but cannot be used with polar coding while sub-slot based PUCCH repetition offers specification and implementation simplicity as it is already supported for PUCCH repetitions (e.g. for slot-based or for sub-slot based in case of a 7-symbol sub-slot) and extension to a sub-slot of 2 symbols requires minimal effort.

Observation 2: Repetitions of a PUCCH transmission over 1 or 2 symbols can maximize UL resource utilization and minimize latency for URLLC. 
Proposal 4: Support PUCCH repetitions using for PUCCH formats 0 and 2. 

Retransmission of cancelled HARQ
In Rel-16, intra-UE prioritization has been considered for a UE supporting traffic with different priorities. If the UE drops a PUCCH/PUSCH with HARQ-ACK with low priority, the HARQ-ACK information is lost and the gNB needs to retransmit all PDCCHs/PDSCHs. In Rel-17, there are several proposals 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 but that is problematic for several reasons including absence of support on gNB/UE implementations not supporting NR-U and a large overhead. Although there can be schemes to reduce the overhead, that would require additional specification/modification to Type-3 HARQ-ACK codebook which is unnecessary and largely misguided as it does not address the issue of requesting specific HARQ-ACK information in a dropped PUSCH/PUCCH transmission. The gNB can already 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. 
Proposal 5: Use an UL grant scheduling a PUSCH without UL-SCH to request HARQ-ACK information that was multiplexed in a dropped PUSCH/PUCCH transmission.

SPS HARQ payload size reduction
In Rel-15, type-1 HARQ-ACK codebook was designed to provide high reliability although it may have unnecessary HARQ-ACK codebook occasion. There was a proposal to optimize type-1 HARQ-ACK codebook size. However, it is questionable how much gain can be achieved in practice. Further, as previously discussed, a UE cannot be expected to determine DTX for a SPS PDSCH reception. Further, a small Type-1 HARQ-ACK codebook is to some extend under the control of the gNB implementation by allocating fewer candidate k1 values and/or time domain resource allocations. 
Proposal 6: Deprioritize SPS HARQ-ACK payload size reduction. 

Type 1 HARQ-ACK codebook enhancements
In Rel-16 eMIMO, multi-TRP PDSCH repetition was introduced to improve reliability. However, Type-1 HARQ-ACK codebook size is not fully optimized with considering PDSCH repetition scheme. For example, 2 SLIVs are configured in the TDRA table as shown in Figure 4 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 this case there is only one candidate PDSCH reception in the slot and the size of the HARQ-ACK codebook can be reduced to 1 bit. 


Figure 4. An example of extended SLIV for intra slot repetition
Proposal 7: Consider potential Type-1 HARQ-ACK codebook enhancements for intra slot repetition in Rel-17.
Type-1 HARQ-ACK codebook is not meaningful for URLLC but can be considered in Rel-17 for sub-slot based HARQ-ACK reporting if specification/implementation impacts are marginal. For example, the mechanism is related to delete rows in the TDRA table which lead to overlapped PDSCHs associated with different UL sub-slot.  

Proposal 8: Consider potential support of Type-1 HARQ-ACK codebook based on sub-slot PUCCH configuration subject to minimal additional specification/implementation complexity.

PUCCH carrier switching for HARQ feedback
In TDD CA, a UE may have different TDD configurations for different cells. Then, it is possible for a UE to provide HARQ-ACK information faster than for single-cell operation if the cell for PUCCH transmission can change based on PUCCH or PUSCH resource availability. This HARQ-ACK information would be for SPS PDSCH receptions. Although the principle and latency benefits are clear, the specification and implementation impacts may be large for the Rel-17 WI. For example, the UE needs to maintain at least one additional closed loop power adjustment state and corresponding TPC commands need to be provided (also by DCI format 2_2). Also, the UE possibly needs to perform additional path-loss measurements as, generally, the pathloss RS can be different between the PUSCH and the PUCCH on a cell. TCI states for PUCCH transmission and corresponding updates need to be defined per cell. In case of different SCS configurations, there can be ambiguities in the HARQ-ACK timing indication. A PUCCH transmission with repetitions (and also a PUSCH transmission with repetitions) may need to follow the same mechanism.  
Proposal 9: Discuss whether PUCCH carrier switching is beneficial and, if so, what can be the scope in Rel-17. 

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). In other words, the Rel-15 aims to handle vulnerability for one or two PDCCH missed detection 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 10:  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 only semi-static TDD configuration for determining available PUCCH resources for PUCCH transmission with HARQ-ACK information in response to SPS PDSCH receptions. 
Proposal 2: A UE determines a set of SPS PDSCHs with corresponding HARQ-ACK information provided by a PUCCH transmission and a PUCCH resource for the PUCCH transmission based onK1 value, and semi-static TDD configuration. 
Proposal 3: Consider skipping a PUCCH transmission with only HARQ-ACK information in response to SPS PDSCH reception when all corresponding values are ‘NACK’. 
Proposal 4: Support PUCCH repetitions using for PUCCH formats 0 and 2. 
Proposal 5: 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 6: Deprioritize SPS HARQ-ACK payload size reduction. 
Proposal 7: Consider potential Type-1 HARQ-ACK codebook enhancements for intra slot repetition in Rel-17.
Proposal 8: Consider potential support of type-1 HARQ-ACK codebook based on sub-slot PUCCH configuration subject to minimal additional specification/implementation complexity.
Proposal 9: Discuss whether PUCCH carrier switching is beneficial and, if so, what can be the scope in Rel-17. 
Proposal 10: 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.
The followings are observations of this contribution. 
Observation 1: A UE cannot be expected to determine absence of SPS PDSCH reception and should generate HARQ-ACK information without “skipping”. 
[bookmark: _GoBack]Observation 2: Repetitions of a PUCCH transmission over 1 or 2 symbols can maximize UL resource utilization and minimize latency for URLLC. 
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