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1 Introduction
Based on the offline/online discussions and agreements made during RAN1 #94, #94b regarding the potential directions for physical layer enhancements in eURLLC Rel-16 [1],[2], in this contribution we discuss further details on UCI enhancements in eURLLC.
2 Enhanced HARQ feedback transmission methods
To support URLLC use cases, in RAN1 #94, it was agreed to study further how to enable more than one PUCCH transmissions with HARQ-ACK feedback within a slot. It is possible to allow the UE to determine the additional PUCCH resource, based on different available information. Alternatively, the time domain PUCCH resource indication can be defined based on a combination of indication of the K1 slot offsets (as indicated in the scheduling DCI format or by higher layers) and PUCCH starting symbols (via PUCCH resource indicator in the scheduling DCI). The starting symbol of a PUCCH resource, may be interpreted jointly with K1, where K1 may be reinterpreted to indicate the PDSCH-end to the HARQ-ACK-start timing offset using a combination of slots, half-slots, etc.
In NR Rel-15, two short PUCCHs, as well as one short and one long PUCCH can be multiplexed in a TDM manner in a slot. With allowing multiple HARQ-ACK feedbacks within a slot, when there are overlaps between PUCCH(s) carrying HARQ-ACK with other PUCCH(s) or PUSCH(s), certain dropping and/or priority rules may need to be defined (see Figure 1). For example, more than two PUCCHs, long PUCCH and long PUCCH, or PUSCH and PUCCH carrying HARQ-ACK feedback, etc., may be scheduled in a slot and such rules, enable more flexibility to support multiple HARQ feedbacks within a slot.
Further, it is possible that multiple HARQ-ACKs are multiplexed in one PUCCH resource determined based on the PUCCH resources for carrying the corresponding HARQ-ACK feedbacks, or based on the PUCCH resource indicator(s) included in DCI(s) scheduling the PDSCH(s) with the corresponding HARQ-ACK feedbacks being scheduled in the same slot.





[bookmark: _Ref523991867]Figure 1. HARQ-ACK feedbacks overlapping with P/SP-CSI reports on PUCCH: different options
Proposal 1: 
· To introduce additional PUCCH resource(s) for increased HARQ feedback transmission opportunities within a slot, 
· Time domain PUCCH resource indication can be defined based on a combination of indication of K1 slot offsets and PUCCH starting symbols. 
· The starting symbol of a PUCCH resource may be interpreted jointly with K1, where K1 may be reinterpreted to indicate the PDSCH-end to the HARQ-ACK-start timing offset using a combination of slots, half-slots, etc.
· When there are overlaps between PUCCH(s) carrying HARQ-ACK with other PUCCH(s) or PUSCH(s), certain dropping, priority, and multiplexing rules may be defined.
3 CSI feedback enhancements
DL URLLC transmission may be bursty and sporadic, and the periodic CSI report may not track the channel variation well to adjust the scheduling parameters in order to achieve target reliability within a given latency bound. If up-to-date CSI feedback is not available, the gNB has to schedule the DL transmission conservatively, e.g., in terms of the allocated resources, MCS level, MIMO mode, transmission power, to meet the requirements. Aperiodic CSI (A-CSI) can then be triggered to obtain CSI feedback in a more efficient and on-demand basis. 
Existing mechanisms to trigger A-CSI on PUSCH include CSI request trigger in UL grant, in particular in DCI format 0_1.  However, users may often have no uplink data in some cases, and gNB has to transmit an UL grant to exclusively trigger an A-CSI report on PUSCH without data. 
On the other hand, DL grant may be considered to trigger A-CSI request, however it may not be quite beneficial in most typical scenarios. Further considerations for the case when the A-CSI report is expected to be transmitted along with HARQ-ACK feedback for the scheduled PDSCH using PUCCH resources are discussed in [3]. As highlighted in [3], the benefits from such approaches remain unclear in real deployments. Using a full-blown UL or DL grant to trigger A-CSI every time may not be efficient even from a PDCCH OH perspective, and may cause large control overhead and consequently, higher chance of PDCCH blocking, depending on load in the system. 
As an alternative, group-common control signaling with UE specific fields may be exploited for A-CSI trigger, which can be used as a complementary tool along with UL grant to trigger A-CSI when needed and may result in less overhead. In Rel-15, it has been discussed that A-CSI report can be transmitted in short PUCCH for fast acquisition of CSI feedback. But A-CSI triggering solution was not completed. 
Proposal 2: 
· RAN1 to study potential DL control channel signaling options for A-CSI trigger for CSI reporting using short PUCCH formats. 
4 Conclusions
In this contribution, we discussed details to realize UCI enhancements for Rel-16 eURLLC. Based on the discussion and analysis, we have the following proposals:
Proposal 1: 
· To introduce additional PUCCH resource(s) for increased HARQ feedback transmission opportunities within a slot, 
· Time domain PUCCH resource indication can be defined based on a combination of indication of K1 slot offsets and PUCCH starting symbols. 
· The starting symbol of a PUCCH resource may be interpreted jointly with K1, where K1 may be reinterpreted to indicate the PDSCH-end to the HARQ-ACK-start timing offset using a combination of slots, half-slots, etc.
· When there are overlaps between PUCCH(s) carrying HARQ-ACK with other PUCCH(s) or PUSCH(s), certain dropping, priority, and multiplexing rules may be defined.
Proposal 2: 
· RAN1 to study potential DL control channel signaling options for A-CSI trigger for CSI reporting using short PUCCH formats. 
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