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Introduction
In RAN1 #98, UCI enhancements for NR URLLC was discussed with following agreements and working assumption:
Agreements:
Reuse the R15 mechanism for the following scenarios:
· A URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels), except for (to conclude the FFSs by RAN1#98b)
· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.
· FFS SR with HARQ-ACK in PF 2, 3, 4
· URLLC HARQ-ACK collides with URLLC PUSCH (no other UL signals/channels) when the corresponding timelines are met
· To conclude by RAN1#98b for the error cases per R15 (especially for the cases when the timeline is not met)

Agreements:
At least one sub-slot configuration for PUCCH can be UE-specifically configured to a UE.
· At least support following two sub-slot configurations for PUCCH: “2-symbol*7” and “7-symbol*2”.
· FFS other configurable sub-slot configurations, e.g. 4, 14 sub-slots in a slot.
· For the above two sub-slot configurations (“2-symbol*7” and “7-symbol*2”), support a single configuration for PUCCH resource following R15 applicable for all the sub-slots in a slot.
· FFS whether or not to additionally support that PUCCH resource configuration can be different for different sub-slots
· FFS for other sub-slot configurations, if any.
· FFS: If a PUCCH resource across sub-slot boundary is supported.

Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, following can be separately configured for different HARQ-ACK codebooks:
· PUCCH-SpatialRelationInfo
· Sub-slot configuration (only applied for the sub-slot-based HARQ-ACK codebook)
· FFS whether or not to support the case when there are at least two HARQ-ACK codebooks configured with sub-slots, with the same or different sub-slot configurations
Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling.

Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,
· In case of SPS PDSCH, the following options for identifying a HARQ-ACK codebook (to down-select, combinations are not precluded)
· Opt.1: By SPS PDSCH configurations 
· Opt.2: By the DCI activating the SPS PDSCH 
· Opt.3: By the CORESET where the activating DCI is received
In this contribution, we discuss the remaining issues of UCI enhancements for URLLC.
Discussion
1.1 Sub-slot-based HARQ-ACK feedback
In order to flexibly support various UCI payloads caused by UCI multiplexing, the configuration of PUCCH duration should be as flexible as possible. Therefore, we suggest that PUCCH can across sub-slot boundary. In the other word, UL sub-slot is used to determine the starting of PUCCH, but has no restriction on the length of PUCCH. 
However, considering UE implementation complexity, we suggest that at most 2 HARQ-ACK codebooks can be simultaneously constructed, i.e. one codebook is for eMBB transmission, and another one is for URLLC. Multiple HARQ-ACK codebooks for URLLC can be constructed in one slot by TDM manner. In other words, the UE does not expect the overlapping of multiple PUCCHs for sub-slot-based HARQ-ACK.
Proposal 1: PUCCH can across sub-slot boundary.
Proposal 2: The UE does not expect the overlapping of multiple PUCCHs for sub-slot-based HARQ-ACK.
Different configurations, i.e. PUCCH resource sets, for different sub-slots are not preferred, because the increase of UE complexity can be expected and the gain of system efficiency is uncertain.
Proposal 3: Different RRC configurations referring to HARQ-ACK feedback for different sub-slots are not supported.
1.2 Physical identification for a HARQ-ACK codebook
For dynamic PDSCH, the following options were proposed for the PHY identification for identifying a HARQ-ACK codebook:
1) Opt.1: By DCI format
2) Opt.2: By RNTI
3) Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
4) Opt.4: By CORESET/search space 
For Opt.3, the indication is most accurate without any scheduling limitation, and the main disadvantage is the payload sizes for both eMBB and URLLC DCI are increased. All of Opt. 1, 2 and 4 have restrictions on scheduling. However, comparing to Opt.1 and 4, the restrictions on MCS table for different traffic types may not lead to significant efficiency loss. Therefore, we support Opt.2 used to identify a HARQ-ACK codebook for dynamic PDSCH.

For SPS PDSCH, the following options for identifying a HARQ-ACK codebook were proposed:
1) Opt.1: By SPS PDSCH configurations 
2) Opt.2: By the DCI activating the SPS PDSCH 
3) Opt.3: By the CORESET where the activating DCI is received
Since Opt.2 leads to DCI overhead increase and Opt.3 has scheduling limitation, we support Opt.1 used to identify a HARQ-ACK codebook for SPS PDSCH.
Proposal 4: MCS-RNTI can be used to identify a HARQ-ACK codebook for dynamic PDSCH.
Proposal 5: The HARQ-ACK codebook for SPS PDSCH is configured by RRC signaling.
1.3 Intra-UE UL collision
The following issues still need to be discussed for intra-UE collision:
1) Remaining collisions between URLLC uplink channels
Considering the payload of SR is no larger than HARQ-ACK, therefore we suggest that collision between SR using PF1 and HARQ-ACK using PF1 is not supported. 
When URLLC SR using PF0 collides with URLLC HARQ-ACK using PF1, the UE transmits only one UCI based on the implementation. For example, if SR is received by the PHY before the HARQ-ACK transmission, the UE can report SR using PF0; otherwise, the ongoing PF1 should be transmitted to avoid breaking the orthogonality of PF1s transmitted by other UEs. 
When URLLC SR using PF0/1 collides with URLLC HARQ-ACK using PF2, since the duration of HARQ-ACK PUCCH is not longer than SR PUCCH, Rel-15 multiplexing mechanism will not lead to additional time delay for both SR and HARQ-ACK. Therefore, for such cases, we propose that Rel-15 multiplexing should be reused.
When URLLC SR using PF0 collides with URLLC HARQ-ACK using PF3/4, in order to avoid to additional time delay for URLLC SR, we suggest that if the SR periodicity is not shorter than the length of PF3/4, SR is multiplexed with HARQ-ACK; otherwise, HARQ-ACK is punctured or dropped. Although dropping HARQ-ACK may lead to efficiency loss, the latency of URLLC can be guaranteed.
When URLLC SR using PF1 collides with URLLC HARQ-ACK using PF3/4, Rel-15 multiplexing should be reused.
Furthermore, no additional enhancement is supported to handle the error cases specified in Rel-15 for collision between URLLC HARQ-ACK and URLLC PUSCH.
Proposal 6: The mechanisms to handle the remaining collisions between URLLC SR and URLLC HARQ-ACK are listed in Table 1.
Proposal 7: No enhancement is supported to handle the collision between URLLC HARQ-ACK and URLLC PUSCH.

2) Cancelation of eMBB HARQ-ACK transmission leads to significant loss of system efficiency.
Cancelation of eMBB HARQ-ACK will leads to unnecessary PDSCH retransmission, and significant loss of system efficiency can be expected. Therefore, we suggest that enhancements to retransmit the cancelled eMBB HARQ-ACK feedback should be considered.
· Alt. A: The dropped HARQ-ACK is transmitted on a new PUCCH resource which has a fixed time offset with the transmitted uplink channel.
· Alt. B: A new PUCCH resource is indicated by a DCI.
The current DCI format can be reused, one example is that for a given HARQ process ID, once the corresponding HARQ-ACK transmission is cancelled, and the DL grant with the same HARQ process ID transmitted in out-of-order PDSCH scheduling manner can be used to trigger HARQ-ACK retransmission.

 Figure 1. Enhancements to retransmit the canceled HARQ-ACK feedback
Proposal 8: Retransmission of the dropped eMBB HARQ-ACK should be supported. 
3) How to handle the collision between more than two PUCCH/PUSCHs.
The solutions defined for handling collisions between two uplink channels should be extended to handle the collisions between more than two channels as much as possible. For example, the overlapped channels are divided into two groups based on the service types. In each group, Rel-15 mechanism of UCI multiplexing should be used. However, for the URLLC group, the multiplexing timeline should be determined based on N1 and N2 for UE processing capability 2. Firstly, one multiplexing channel is determined for each group. If the multiplexing channels are overlapping, the solutions defined for handling collisions between two uplink channels should be used. The priority of one multiplexing channel can equals to the highest priority of UCI or data multiplexed in the channel.
Proposal 9: Uplink channel collision should be firstly handled per service type, then handled based on the solutions defined for collision between two channels. 


Figure 2. One example for handling collision between more than two uplink channels
1.4 Dynamic indication of no HARQ-ACK feedback
For the following cases, PDSCH retransmission cannot satisfy the delay requirement of URLLC. HARQ-ACK feedback has no use for URLLC transmission, but causes the collision with other UL channels and leads to unnecessary dropping of eMBB transmission. 
1) Case 1: One-shot transmission. 
2) Case 2: DL-heavy TDD carrier. 
One example is shown in Figure 1, the earliest HARQ timing for the PDSCH transmission in slot n is in slot n+4, which exceeds the delay requirement. Furthermore, if massive URLLC PDSCHs are transmitted, PUCCH blocking can be expected for this case.


Figure 3: Unnecessary HARQ-ACK feedback on DL-heavy TDD carrier
3) Case 3: The transmission is closed to the maximum time delay.
As shown in Figure 4, assuming the maximum time delay is 1 ms, the gap between the data arriving and the end of the first retransmission is closed to 1 ms, and the earliest ACK/NACK transmission must exceed the time delay.


Figure 4: Unnecessary HARQ-ACK feedback for the transmission closed to the maximum time delay
To reduce the power consumption for transmitting the unnecessary HARQ-ACK and avoid the loss of eMBB transmission, UE should be able to dynamically determine the HARQ-ACK for one PDSCH is not transmitted.
· Method A: Explicit indication based on the K1. In Rel-16 NR-U, a non-numerical value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later is introduced. Such function can be further enhanced for URLLC, i.e. a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that no HARQ-ACK feedback is required for the PDSCH.
· Method B: Implicitly determination based on K1. If the indicated HARQ timing for one PDSCH exceeds L, UE does not transmit the HARQ-ACK for the PDSCH, where L can be configured by high layer signaling. 
Proposal 10: Dynamical indication, based on K1, to UE the HARQ-ACK for one URLLC PDSCH is not transmitted should be considered.

Conclusions
In this contribution, we show our views on UCI enhancements for URLLC with following observation and proposals:
Proposal 1: PUCCH can across sub-slot boundary.
Proposal 2: The UE does not expect the overlapping of multiple PUCCHs for sub-slot-based HARQ-ACK.
Proposal 3: Different RRC configurations referring to HARQ-ACK feedback for different sub-slots are not supported.
Proposal 4: MCS-RNTI can be used to identify a HARQ-ACK codebook for dynamic PDSCH.
Proposal 5: The HARQ-ACK codebook for SPS PDSCH is configured by RRC signaling.
Proposal 6: The mechanisms to handle the remaining collisions between URLLC SR and URLLC HARQ-ACK are listed in Table 1.
Proposal 7: No enhancement is supported to handle the collision between URLLC HARQ-ACK and URLLC PUSCH.
Table 1: Collision between URLLC SR and URLLC HARQ-ACK
	SR
	HARQ-ACK

	
	PF0
	PF1
	PF2
	PF3/4

	PF0
	-
	Only one UCI is transmitted based on UE implementation.
	Rel-15 Multiplexing
	If SR Periodicity ≥ PF3/4 length, SR is multiplexed with HARQ-ACK; 
Otherwise, HARQ-ACK PUCCH is punctured or dropped.

	PF1
	Not support
	-
	Rel-15 Multiplexing
	Rel-15 Multiplexing 



Proposal 8: Retransmission of the dropped eMBB HARQ-ACK should be supported.
Proposal 9: Uplink channel collision should be firstly handled per service type, then handled based on the solutions defined for collision between two channels. 
Proposal 10: Dynamical indication, based on K1, to UE the HARQ-ACK for one URLLC PDSCH is not transmitted should be considered.
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