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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN 1#94 meeting, UCI enhancements for URLLC are discussed and some agreements are achieved as following:
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.

· Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.
· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot
· Other enablers are not precluded
In this contribution, we share our view on UCI enhancements for URLLC.
2. Enhancements to scheduling/HARQ
In the current design, at most two TDMed PUCCHs can be transmitted within one slot and at least one is short PUCCH. At most one PUCCH can carry HARQ-ACK within one slot. However, considering URLLC service, the quick PUCCH feedback is beneficial in the case of the pipeline scheduling and feedback. Therefore, the current PUCCH transmission should be improved. PUCCH transmission can be indicated at any starting symbol in a slot to reduce feedback delay. More than two TDMed PUCCHs within one slot should be supported. Therefore, we propose as following:


Figure 1. mini-slot scheduling, e.g., pipeline scheduling and feedback
Proposal 1: For URLLC, more than two short TDMed PUCCHs and more than one PUCCH carrying HARQ-ACK within one slot should be supported for the pipeline scheduling and feedback. 
In the current PHY design, the PUCCH starting symbol is determined by K1 and startingSymbolIndex. K1 indicated by PDCCH denotes the number of slots between the PDSCH reception/DL SPS release and the PUCCH transmission which provides corresponding HARQ-ACK information. startingSymbolIndex is a set of values is configured by RRC and 3bit ARI in DCI indicates a certain value, which denotes the start symbol index of the PUCCH transmission within the slot
However, considering mini-slot based scheduling, the PUCCH transmission may have multiple starting occasion within a slot, i.e. there are multiple posssible strating symbols for PUCCH, when pipeline scheduling and feedback is performed as shown in Figure 1. Therefore, the current PUCCH resource indication granularity might be not enough.
For the PHY design, one of the possible solutions in order to allow such pipeline feedback can be as follows,
· Alt 1: indicate the relative symbols offset in RRC PUCCH resource configuration
This alternative introduces or re-interprets some fields in RRC PUCCH resource configuration to indicate the relative symbols offset between PDSCH reception/DL SPS release and PUCCH transmission. UE can obtain the relative symbols offset by ARI accompanied by PUCCH resource.
· Alt 2a: K1 is re-interpreted as the number of symbols.
For example, K1 denotes the number of symbols between the PDSCH reception/DL SPS release and the PUCCH transmission. And this applies to both slot-based and non-slot-based scheduling. In such design, the startingSymbolIndex in RRC configuration is not applicable.
· Alt 2b: K1 is re-interpreted as the number of symbols or the number of slots.
K1 entries can be divided into two parts. First parts denote the number of symbols between the PDSCH reception/DL SPS release and PUCCH transmission. In such case, startingSymbolIndex in RRC parameter is not applicable. Second parts denote the number of slots between the PDSCH reception/DL SPS release and the PUCCH transmission. In such case, startingSymbolIndex in RRC parameter is used to determine the starting symbol index of PUCCH within the slot.
For Alt. 2a and Alt. 2b, new definition of K1 are introduced in addition to the definition in Rel-15. Therefore, it is necessary to distinguish the different definitions of K1 field in DCI for a UE supporting both Rel-15 and Rel-16 functionalities. In such case, different definitions of K1 can be differentiated by DCI format, or RNTI. For example, if compact DCI is detected, symbol level indication by K1 is adopted, while slot level indication by K1 is adopted with a normal DCI detected.
Proposal 2: Consider the following alternatives in the NR specification 
· Alt 1: indicate the relative symbols offset in RRC PUCCH resource configuration
· Alt 2a: K1 is re-interpreted as the number of symbols.
· Alt 2b: K1 is re-interpreted as the number of symbols or the number of slots.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 3: If K1 can be re-interpreted as number of symbols, i.e. Alt. 2a or Alt. 2b are adopted, different definitions of K1 indication can be differentiated by DCI format or RNTI.
In order to address the definition of PDSCH-to-HARQ timing issues for URLLC, as well as HARQ-ACK codebook size issue, it is proposed to have a new HARQ-ACK codebook type to accommodate these new features. 
Proposal 4: Consider a new HARQ-ACK codebook type for Rel-16 UE, which address the issues related to pipeline scheduling of PDSCH and HARQ-ACK feedback. The new HARQ-ACK codebook type adopts new mechanism of PDSCH-to-HARQ timing indication and HARQ-ACK codebook size determination.
3. Conclusion
In the contribution, we have some investigations on UCI enhancement, and propose that,
[bookmark: _GoBack]Proposal 1: For URLLC, more than two short TDMed PUCCHs and more than one PUCCH carrying HARQ-ACK within one slot should be supported for the pipeline scheduling and feedback.
Proposal 2: Consider the following alternatives in the NR specification 
· Alt 1: indicate the relative symbols offset in RRC PUCCH resource configuration
· Alt 2a: K1 is re-interpreted as the number of symbols.
· Alt 2b: K1 is re-interpreted as the number of symbols or the number of slots.
Proposal 3: If K1 can be re-interpreted as number of symbols, i.e. Alt. 2a or Alt. 2b are adopted, different definitions of K1 indication can be differentiated by DCI format or RNTI.
Proposal 4: Consider a new HARQ-ACK codebook type for Rel-16 UE, which address the issues related to pipeline scheduling of PDSCH and HARQ-ACK feedback. The new HARQ-ACK codebook type adopts new mechanism of PDSCH-to-HARQ timing indication and HARQ-ACK codebook size determination.
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