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1. Introduction

In RAN1#98bis, the following agreements related to UCI enhancements for NR URLLC were made [1]:
	Agreements:

Confirm the following WA with update:
Original working assumption

· Support that SR priority (e.g. high or low priority) is known at PHY layer. 
· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 
· FFS how the SR priority is known

Updated to:

· Support two-level SR priority (high or low) intended for two different service types known at PHY layer in R16.
· The PHY-layer SR priority is determinined by an explicit indication (as a new RRC parameter) for each SR resource configuration.

Agreements:

· Support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. 

· Note: This does not preclude possibility of extending it in future releases.

· An explicit indication (as a new RRC parameter) in each SPS PDSCH configuration provides mapping to corresponding HARQ-ACK codebook for SPS PDSCH and ACK for SPS PDSCH release

· FFS whether/how or not to further indicate a mapping to corresponding HARQ-ACK codebook by DL SPS activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
Agreements:

2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.

Agreements:

2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
Agreements:

For handling intra-UE collision in R16, 

· P/SP-CSI on PUCCH is treated with low priority.
· The priority of a SP-CSI on PUSCH depends on the 2-level PHY priority of the PUSCH conveying the SP-CSI. 

· The priority of a A-CSI depends on the 2-level PHY priority of the PUSCH (w/ or w/o UL-SCH) conveying the A-CSI. 

Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, PDSCH-HARQ-ACK-Codebook is separately configured.
Agreements:

For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).

· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.

· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· FFS details of dropping behaviours.

· FFS details of processing timeline issues, e.g.

· How to handle the case where the timeline condition is not satisfied.

· Necessity of a new timeline.

Agreements:

· For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism. 
Agreements:

R16 supports up to two HARQ-ACK codebooks with different priorities to be simultaneously constructed, including: 
· One is slot-based and one is sub-slot-based.

· Both are slot-based.

· Both are sub-slot-based

Agreements:

When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, at least the followings are separately configured.
· For DG
· UCI-OnPUSCH
· For CG
· FFS
· codeBlockGroupTransmission

· FFS K1
Agreements:

Any sub-slot PUCCH resource is not across sub-slot boundaries. 


In this contribution, we discuss remaining aspects on UCI enhancements to be specified from RAN1 point of view. 
2. Multiple PUCCHs for HARQ-ACK within a slot 

How to configure UL subslot
It was agreed to support two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”. Regarding FFS on the number of configurable subslots (e.g., 4, 14 sub-slots in a slot), although we do not have strong opinion, it might be beneficial to have 4 subslots in a slot. For this case, each subslot boundary needs to be configured or pre-defined (e.g., {3, 4, 3, 4}). 
For TDD, one issue would be how to split a slot into multiple subslots. Considering subslot-based HARQ-ACK codebook is constructed based on subslot boundary, it would be highly impacted if subslot splitting is varying depending on TDD UL/DL configuration or dynamic SFI signaling. In this sense, no special handling for subslot splitting should be applied especially for interaction with DL symbol in a slot. In case a PUCCH resource is overlapped with a set of DL symbols, the PUCCH is dropped as in rel-15. 
Proposal 1: There is no special handling on how to split subslot for TDD.

Proposal 2: In case a PUCCH resource is overlapped with a set of DL symbols, the PUCCH is dropped as in rel-15. 
Applicability of subslot-based HARQ-ACK procedure depending on HARQ-ACK codebook type
One concern been raised for support of type-1 codebook is feedback redundancy. However, gNB can handle it, if needed, by proper configuration of SLIV and K1 set. It seems no significant effort is expected in addition for support of type-1 codebook compared with support of only type-2 codebook. Furthermore, in some case, the reliability requirement is extremely high, and then any ambiguity due to DCI missing is not acceptable which may happen for type-2 codebook. In this sense, we prefer to support type-1 codebook for sub-slot based HARQ-ACK feedback procedure as well. 
Proposal 3: Type-1 HARQ-ACK codebook is also supported for subslot-based HARQ-ACK feedback procedure in rel-16. 
3. HARQ-ACK codebook for supporting different service types
Priority indication of HARQ-ACK for dynamically-scheduled PDSCH and DG PUSCH 
It was agreed that the PHY layer identification of HARQ-ACK codebook is also utilized to determine the priority of the HARQ-ACK codebook for UL collision handling. Thus, the PHY layer identification of HARQ-ACK codebook would be highly relevant to other overall URLLC discussions such as enhanced PDCCH monitoring framework and out-of-order HARQ/PDSCH overlapping. In fact, HARQ-ACK codebook identification in PHY layer has been intensively discussed and various means have been identified (e.g., DCI format/RNTI/explicit bit flag/search space/CORESET/etc). 
For some of DCI fields for new DCI format, the field size is determined by separate RRC parameters from those for existing DCI format. For instance, the size of DL DAI field for DCI format 1_2 is determined by Downlinkassignmentindex-ForDCIFormat1_2. If the size of DL DAI field is 1 bit for DCI format 1_2 while 2 bit for DCI format 1_1, and if both DCI formats can schedule PDSCH belonging to a certain HARQ-ACK codebook, then there can be an ambiguity on how to interpret DAI from UE perspective. For addressing this, it can be considered that the size of DL DAI field for DCI format 1_2 is adjusted toward that for DCI format 1_1 by bit enlarging or shortening. 

As another example, the entries of TDRA are given by pdsch-TimeDomainAllocationList or pdsch-TimeDomainAllocationList-ForDCIFormat1_2 depending on DCI format. If both DCI formats can schedule PDSCH belonging to a certain HARQ-ACK codebook, then there can be an ambiguity on how to construct the HARQ-ACK codebook. Maybe, it can be considered that HARQ-ACK codebook is constructed by the union of the set of TDRA table for DCI format 1_1 and the set of TDRA table for DCI format 1_2. Similarly, the entries of PDSCH-to-HARQ_feedback timing indicator (K1) are given by dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCIFormat1_2 depending on DCI format. Thus, if both DCI formats can schedule PDSCH belonging to a certain HARQ-ACK codebook, then the same problem can happen for constructing HARQ-ACK codebook. For this case, it can be considered that HARQ-ACK codebook is constructed by the union of K1 candidates provided in both dl-DataToUL-ACK and dl-DataToUL-ACK-ForDCIFormat1_2. Though, based on the above discussions, it would be simple if a HARQ-ACK codebook is associated with a DCI format. 

Even though it is highly likely that new DCI format 1_2 is used for high priority channel scheduling (e.g., URLLC), there is no need to tie DCI format with priority. Rather, we think that it can be up to gNB by configuring the PHY layer identification of HARQ-ACK codebook (which is one of priorities) to each DCI format. Moreover, for simplicity and commonality of design perspective, it would be desirable to have a common identifier for other purposes such as DG PUSCH priority
Proposal 4: HARQ-ACK codebook for supporting different service types is identified based on DCI format. 

Proposal 5: The priority of DG PUSCH is identified by DCI format.
Priority indication of HARQ-ACK for SPS PDSCH (& ACK for SPS PDSCH release) and CG PUSCH 
An open issue for priority indication of HARQ-ACK for SPS PDSCH and CG PUSCH is whether or not to have additional identifier in SPS/CG activation DCI and SPS release DCI. Two methods can be taken into account for the additional identifier: overriding and complementary confirmation. Any parameter or its candidate set cannot be changed dynamically but can be changed by reconfiguration if needed. Thus, considering semi-static scheduling manner for SPS and CG, we see no useful use case for overriding its priority given in RRC configuration by activation DCI without changing any transmission parameters. For complementary confirmation, we also see no significant need but if some sort of identifier is defined for DG PUSCH or HARQ-ACK for dynamic scheduled PDSCH, then anyhow it can be applied here. Then, in order to minimize the specification impact, it would be better to say that a UE is not expected to receive SPS/CG activation DCI or SPS release DCI having different priority index provided in the corresponding SPS/CG configuration. 
Proposal 6: A UE is not expected to receive SPS/CG activation DCI or SPS release DCI having different priority index provided in the corresponding SPS/CG configuration.
4. Resource collision of PUCCH/PUCCH and PUCCH/PUSCH 

Collision handling for channels other than PUSCH/PUCCH

For collision handling, how to handle PRACH/PUCCH-BFR/SRS needs to be further addressed. 
Since allocating PUCCH/PUSCH resource overlapped with PRACH resource is not a reasonable configuration from gNB perspective, there is no need to specify UE behavior on collision between PRACH and other channel(s) as rel-15. 

For PUCCH-BFR, this is defined for SCell beam failure recovery so it can be regarded as low priority. If PUCCH-BFR collides with PUSCH/PUCCH with high priority, it will be dropped. On the other hand, if PUCCH-BFR collides with PUSCH/PUCCH with low priority (which is a collision with same priority index), it would be natural to reuse rel-15 rule as possible. One exceptional case can be considered: collision between PUCCH-BFR with PUCCH format 0 and HARQ-ACK with PUCCH format 1 in which case PUCCH-BFR can be prioritized over HARQ-ACK fully or conditionally (i.e. only when NACK). 
For SRS, we think that SRS can be treated as low priority considering that SFI can cancel it when overlapped with DL. Then, SRS can be dropped when collided with high priority channel while rel-15 rule can be reused when collision between SRS and low priority channel happens. 
Proposal 7: There is no need to specify UE behavior on collision between PRACH and other channel(s) as rel-15.
Proposal 8: SCell PUCCH-BFR is treated as low priority.
Proposal 9: SRS is treated as low priority.
Processing timeline issues for collision handling
For intra-UE collision handling, high priority UL transmission is prioritized over low priority UL transmission, and the low priority UL transmission is dropped under certain constraint. In rel-15, if the timeline is not met, it is regarded as error case. For instance, one eMBB transmission is triggered and another URLLC transmission is triggered much later so that two UL transmissions are overlapped in time domain. Then, the later PDCCH scheduling URLLC should be done before the time instance not to violent the timeline for UCI multiplexing; otherwise (as red arrow in Figure 1) the URLLC scheduling will result in error case as depicted in Figure 1. This may induce excessive scheduling restriction especially for traffic targeting low latency, which is not desirable for supporting URLLC, and it makes difficult for prompt scheduling when URLLC traffic arrives. In order to alleviate this problem, some relaxation for processing timeline can be taken into account such as timeline check per priority index.

Proposal 10: For intra-UE collision handling, the timeline check is conducted per priority index.
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Figure 1. Error case due to too late URLLC scheduling
5. Conclusions

In this contribution, we discussed remaining aspects on UCI enhancements for NR URLLC. Based on the above discussion, our proposals are given as follows:
Proposal 1: There is no special handling on how to split subslot for TDD.

Proposal 2: In case a PUCCH resource is overlapped with a set of DL symbols, the PUCCH is dropped as in rel-15. 
Proposal 3: Type-1 HARQ-ACK codebook is also supported for subslot-based HARQ-ACK feedback procedure in rel-16.
Proposal 4: HARQ-ACK codebook for supporting different service types is identified based on DCI format. 

Proposal 5: The priority of DG PUSCH is identified by DCI format.
Proposal 6: A UE is not expected to receive SPS/CG activation DCI or SPS release DCI having different priority index provided in the corresponding SPS/CG configuration.
Proposal 7: There is no need to specify UE behavior on collision between PRACH and other channel(s) as rel-15.

Proposal 8: SCell PUCCH-BFR is treated as low priority.

Proposal 9: SRS is treated as low priority.
Proposal 10: For intra-UE collision handling, the timeline check is conducted per priority index.
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