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Introduction
In last July RAN plenary meeting, following WID was updated by adding uplink enhancements in unlicensed band based on UL feedback enhancements and Intra-UE multiplexing. 

	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]



This contribution discusses candidate enhancement to HARQ-ACK information reporting and transmission based on features provided in Rel-15/16. 

Discussion
1 
2 
HARQ-ACK enhancements for DL SPS in TDD operation 
In Rel-16, enhancements for DL SPS operation were made, such as having a minimum period of 1 slot and multiple SPS configurations per BWP. Short period for SPS PDSCH is necessary for factory automation having a periodic traffic pattern. On FDD bands, SPS PDSCH with short period can be deployed without any problem since a SPS PDSCH reception and a PUCCH transmission with corresponding HARQ-ACK information are practically possible at any time. However, for TDD bands, a SPS PDSCH receptions or a PUCCH transmission will be dropped when it overlaps at any symbol with an UL symbol or a DL symbol, respectively, of an UL-DL configuration. Therefore, particularly for SPS PDSCH with short period but also in general, it is beneficial to enhance PUCCH transmission to avoid dropped transmission particularly for HARQ-ACK feedback. 
For example, as shown in Fig. 1 as first case, if at least one symbol for a SPS PDSCH reception by a UE is indicated as uplink, the UE will not receive the SPS PDSCH (and will not transmit a PUCCH with corresponding HARQ-ACK feedback). Moreover, as shown in Fig. 1 as second case, if at least one symbol of configured PUCCH resource is indicated as downlink, the UE will not transmit a PUCCH with HARQ-ACK feedback although the UE has received a corresponding SPS PDSCH. Considering that a SPS PDSCH resource and PUCCH resource for reporting of corresponding HARQ-ACK information are configured by higher layers, it is practically inevitable in TDD bands that a UE skips SPS PDSCH receptions or drops PUCCH transmissions with HARQ-ACK information. The problem is less critical for the first case as the gNB would not transmit a PDSCH and the UE would not transmit a PUCCH with HARQ-ACK information. For the second case (dropping PUCCH with HARQ-ACK corresponding SPS PDSCH reception), the gNB will have to either dynamically schedule a retransmission for the TB or retransmit the TB through a SPS PDSCH. This results to reduced spectral efficiency and increased latency even for SPS PDSCH with short periodicity. Hence, in Rel-17 URLLC/IIoT WID, it would be beneficial to study enhancements for PUCCH transmission in TDD to avoid dropped transmissions. For PUCCH transmissions with SR or CSI, the UE defers SR or CSI reporting to a next PUCCH transmission occasion. A same approach can be considered for reporting of HARQ-ACK information. 
	
[image: ]
Fig. 1: DL SPS operation in case of TDD
Observation 1: HARQ-ACK feedback corresponding to SPS PDSCH can be often dropped in TDD bands, particularly for a short SPS PDSCH reception periodicity.
Proposal 1: Consider HARQ-ACK feedback enhancements for SPS PDSCH in TDD bands.

SPS PDSCH repetition was introduced in Rel-15 with further enhancements in Rel-16. In Rel-15, when a DG PDSCH overlaps with a SPS PDSCH in a serving cell and the timeline is satisfied, all the repetitions of the SPS PDSCH are cancelled. This may lead to SPS PDSCH performance loss if some of the repetitions are not overlapped with DG PDSCH and can be received by UE. To address this issue, in Rel-17, DG PDSCH cancels SPS PDSCH repetition can be performed per repetition. When UE receives at least one of the repetitions, UE needs to transmit HARQ-ACK for the SPS PDSCH.
Proposal 2: In Rel-17, DG PDSCH cancels SPS PDSCH repetition can be performed per repetition. When UE receives at least one of the SPS PDSCH repetitions, UE transmits HARQ-ACK for the SPS PDSCH.

HARQ-ACK enhancements for Intra-UE prioritization
In Rel-16, intra-UE prioritization/multiplexing had been discussed for UEs supporting services with different requirements such as reliability and latency, a.k.a., UEs supporting eMBB and URLLC. Rel-16 supports that a UE drops a low priority UL channel and transmits a high priority UL channel when the two channel overlap in time. When a dropped channel is a PUCCH with HARQ-ACK information, a spectral efficiency loss can be large as a gNB needs to retransmit the associated PDCCHs and PDSCHs. One possible solution is to reuse NR-U specific designs (enhanced type-2 HARQ-ACK codebook or type-3 HARQ-ACK codebook) or other solutions that support retransmission of dropped HARQ-ACK information report. However, such enhancements can be deprioritized in the beginning pending progress on other topics such as intra-UE multiplexing. 
Proposal 3: Solutions for retransmission of a dropped HARQ-ACK information can be considered pending progress on intra-UE multiplexing solutions. 

PUCCH repetitions 
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 schedule a PUCCH over 2 symbols in the slot or schedule a PUCCH 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 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. 

UCI multiplexing on PUSCH
[bookmark: _Toc131306784][bookmark: _GoBack]In Rel-15, if UE multiplexes HARQ-ACK bits on PUSCH, and the number of HARQ-ACK bits is not greater than 2, UE reserves REs for up to 2 HARQ-ACK bits to avoid PUSCH decoding error due to an incorrect HARQ-ACK payload size caused by a missed PDCCH. In other words, this targets to handle vulnerability with up to 2 DG HARQ-ACK bits; 1 or 2 DG HARQ-ACK bits depending on the existence of 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 small number of DG HARQ-ACK bits may happen for a larger number of HARQ-ACK bits when many SPS HARQ-ACK bits are present.  In this sense, the condition of 2 bits is not suitable and hence it needs enhancement, for example, introducing other threshold values than 2 bits in order to improve reliability of HARQ-ACK which could be transmitted on PUSCH.
Proposal 5:  Maintain the Rel-15 PUSCH reception robustness to multiplexing of 1-2 HARQ-ACK bits from dynamic scheduling also when multiple HARQ-ACK bits from SPS PDSCH 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: Consider HARQ-ACK feedback enhancements for SPS PDSCH in TDD bands.
Proposal 2: In Rel-17, DG PDSCH cancels SPS PDSCH repetition can be performed per repetition. When UE receives at least one of the SPS PDSCH repetitions, UE transmits HARQ-ACK for the SPS PDSCH.
Proposal 3: Solutions for retransmission of a dropped HARQ-ACK information can be considered pending progress on intra-UE multiplexing solutions. 
Proposal 4: Support PUCCH repetitions using for PUCCH formats 0 and 2. 
Proposal 5: Maintain the Rel-15 PUSCH reception robustness to multiplexing of 1-2 HARQ-ACK bits from dynamic scheduling also when multiple HARQ-ACK bits from SPS PDSCH are multiplexed in the PUSCH.
The followings are observations of this contribution. 
Observation 1: HARQ-ACK feedback corresponding to SPS PDSCH can be often dropped in TDD bands, particularly for a short SPS PDSCH reception periodicity.
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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