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Introduction
Up to the RAN1 #95 meeting, the following agreement is reached about UCI enhancements to support URLLC:
· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.
Besides, there are the following conclusion:
For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:
· How to separate HARQ-ACK multiplexing windows for different PUCCHs?
· How to indicate the starting symbol of different PUCCHs?
· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
· How to determine dynamic HARQ codebook?
· How to determine semi-static HARQ-ACK codebook?
· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
· How to determine PUCCH resource for each PUCCH?
· How to do PUCCH resource overriding for HARQ-ACK multiplexing?
· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?
In this contribution, we will discuss the details about potential enhancements to UCI for URLLC.
Discussion
Timing indication of PUCCH for HARQ-ACK
To support multiple PUCCHs for HARQ-ACK within a slot is quite similar as the sTTI design in Rel.15 LTE where multiple sPUCCH were to be supported within the time of a subframe. In LTE, UL sTTI pattern for 2-OS sTTI is defined as [3,2,2,2,2,3] in a subframe. With this predefined sTTI pattern, the indication of timing between sPDSCH and HARQ-ACK is based on the granularity of sTTI. This mechanism can be reused for timing indication of more than two PUCCH for HARQ-ACK within a slot in NR. Correspondingly, a predefined sub-slot pattern for PUCCH timing decision should be introduced. For example, a time pattern of sub-slot can be defined as [2 2 2 1 2 2 2 1] symbols in a slot.
Proposal 1: Predefine sub-slot pattern within a slot for HARQ-ACK timing indication. 
For PDSCH scheduling, “Time domain resource assignment” in the DCI denotes a row index in the table of resource allocation in time domain. The indexed row defines the slot offset K0, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PDSCH mapping type to be assumed in the PDSCH reception. It is noted that the value range of timing relationship between PDSCH and HARQ-ACK feedback has nothing to do with resource allocation of PDSCH in time domain. For example, suppose {0, 2, 4, 6, 8, 10, 12, 14} is configured by “dl-DataToUL-ACK”, the available timing gap between PDSCH and HARQ-ACK is these 8 values no matter the PDSCH length is 2 symbols, or 14 symbols. Considering the latency requirements, this is unreasonable. For example, one PDSCH with 2 symbols length is usually used for low latency services and there is less possibility to allocate the corresponding HARQ-ACK feedback to 14 slots later. As a result, it is observed that HARQ-ACK feedback timing indication is inefficient without considering the PDSCH resource allocation in time domain.
Observation 1: Without considering the PDSCH resource allocation in time domain, K1 indication is inefficient.
It is possible for one UE to support several service with different latency requirements. Considering the requirement of finer indication for HARQ feedback timing to support URLLC, and considering it is necessary to improve the efficiency of HARQ timing indication, it is proposed to configure independent candidate values of DL data to UL HARQ-ACK feedback timing for each row of PDSCH allocation table 
For rows with short PDSCH duration, the configured candidate values can in the granularity of sub-slot. For rows with long PDSCH duration, the configured candidate values can be based on slot level granularity. The following Table 1 is some snapshot of time domain resource allocation table configured by pdsch-TimeDomainAllocationList provided in pdsch-Config, as an example. The row #N1 corresponds to a PDSCH with the length of 14 symbols. It is very possible this PDSCH corresponds to eMBB service, so the candidate PDSCH to HARQ-ACK timing values are configured to {0, 2, 4, 6, 8, 10, 12, 14} slots. The #N1+1 corresponds to a PDSCH with the length of 7 symbols. It is possible this PDSCH corresponds to some low latency data service, so the candidate PDSCH to HARQ-ACK timing values are configured to {6 8 10 12 14 16 18 20} sub-Slots. For the row #N1+2, it corresponds to a PDSCH with the length of 2 symbols. It is possible this PDSCH corresponds to very low latency data service, so the candidate PDSCH to HARQ-ACK timing values are configured to {5 6 7 8 9 10 11} sub-Slots. With this pre-configuration, finer indication for HARQ feedback timing for URLLC data is achieved and gNB can flexibly decide the timing gap between PDSCH and HARQ-ACK.
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In summary, it is proposed to configure candidate PDSCH to HARQ-ACK timing values for each row in the resource allocation in time domain table. The bit field of “PDSCH-to-HARQ-timing-indicator” in PDCCH maps to the candidate values configured in the row.
Proposal 2: Configure candidate PDSCH to HARQ-ACK timing values for each row of the PDSCH resource allocation in time domain table. 
HARQ-ACK codebook determination
It is natural the reliability of HARQ-ACK transmission for URLLC service should be higher than that for eMBB. Therefore, it is beneficial to separate the HARQ-ACK bits for eMBB and URLLC to separate codebooks. With predefined sub-slot pattern in a slot introduced, the HARQ-ACK bits within a same time unit is to be multiplexed to one codebook. To our opinion, gNB can indicate the HARQ-ACK feedback for different services to different sub-slots. With finer time unit, the latency of HARQ-ACK for URLLC could be satisfied although some sub-slots are used for eMBB HARQ-ACK transmission.
Proposal 3: HARQ-ACK bits within a same time unit is to be multiplexed to one codebook.
Proposal 4: Indicate HARQ-ACK feedback for different services to different sub-slots.
Currently, HARQ-ACK codebook size determination is based on “semi-static”or based on “dynamic” depends on the configured parameter pdsch-HARQ-ACK-Codebook. In general, dynamic codebook size determination provides more efficient resource usage than semi-static codebook size determination since HARQ-ACK feedback is only for the actual transmitted PDSCH. However, since the HARQ-ACK codebook size determination depends on the DAI bits in the PDCCH, the reliability of PDCCH would impact the accuracy of codebook size determination. On the other hand, semi-static HARQ-ACK codebook size determination is robust in the codebook size determination while it is inefficient considering resource usage.
For URLLC, since the reliability of PDCCH should have been enhanced to a high level, the accuracy of dynamic HARQ-ACK codebook determination could be guaranteed. Also considering the high requirements reliability of HARQ-ACK, dynamic codebook size is more proper for URLLC. For eMBB, semi-static codebook determination is needed sometimes as is supported in the current spec. 
As a result, it is proposed to support configuring the type of HARQ-ACK codebook per sub-slot. When HARQ-ACK feedback for different services is indicated to different sub-slots, independent HARQ-ACK codebook type can be used for different service type.
Proposal 5: Support configuring the type of HARQ-ACK codebook per sub-slot.
SR transmission
According to the current spec, when there is burst positive UL URLLC scheduling requirement during HARQ-ACK and or CSI transmission intervals, the UE has to delay the SR to the next configured SR occasion. The SR delay may finally lead to large latency of UL URLLC service. Another thing according to the current mechanism is the UE drops PUSCH and only transmits PUCCH when PUCCH repetition overlaps with PUSCH. This also impacts the latency of UL URLLC service if the dropped PUSCH corresponds to URLLC data.To improve the latency performance of SR, PUSCH for URLLC and to enable more flexible scheduling, simultaneous PUCCH and PUSCH transmission or UCI multiplexing enhancements should be considered in Rel.16.
Proposal 6: Simultaneous PUCCH and PUSCH transmission should be considered in Rel.16 for URLLC supporting.
UCI transmission on PUSCH
For the configured grant PUSCH, there is no real time DCI indication. To make the performance of UL-SCH and UCI within the configured grant PUSCH is under the control of gNB, it is proposed that the UCI transmission on configured PUSCH can be disabled/enabled by the gNB. Disabling can be achieved by configuring the value of “0” as the “beta-offset”. 
Proposal 7: UCI transmission on configured grant PUSCH can be disabled/enabled by the gNB by configuring the value of “0” as the “beta-offset”.
Conclusion
In this contribution, we discussed details about potential enhancements to UCI for URLLC. The following proposals are reached:
Proposal 1: Predefine sub-slot pattern within a slot for HARQ-ACK timing indication. 
Proposal 2: Configure candidate PDSCH to HARQ-ACK timing values for each row of the PDSCH resource allocation in time domain table. 
Proposal 3: HARQ-ACK bits within a same time unit is to be multiplexed to one codebook.
Proposal 4: Indicate HARQ-ACK feedback for different services to different sub-slots.
Proposal 5: Support configuring the type of HARQ-ACK codebook per sub-slot.
Proposal 6: Simultaneous PUCCH and PUSCH transmission should be considered in Rel.16 for URLLC supporting.
Proposal 7: UCI transmission on configured grant PUSCH can be disabled/enabled by the gNB by configuring the value of “0” as the “beta-offset”.
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