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1 Introduction
In the TSG-RAN#81 plenary meeting [1], the scope of the revised SID on physical layer enhancements for NR URLLC was defined for Release 16. One of the objectives is to investigate potential CSI enhancements as part of the L1 improvements. This contribution focuses mainly on enhanced A-CSI measurement and enhanced CSI reporting. A-CSI reporting on short PUCCH is discussed in our companion contribution [2].   
2 Enhanced A-CSI measurement 
In Rel-15, for A-CSI on PUSCH, the information for CSI-RS for CSI measurement is conveyed in the CSI-Request field of the UL grant. According to the summary from the contributions submitted for the RAN1#94bis meeting [3], for the CSI measurement mechanisms, the following options were proposed by companies:

· Option 1 (has been agreed in Rel-15): CSI-RS-based CSI measurement
· Option 2 : DMRS-based (e.g. control DMRS or PDSCH DMRS) CSI measurement
· Option 3 : DL-SCH data based CSI measurement
· Option 4 : Support both DMRS-based and DL-SCH data measurement, which one to use is up to UE implementation

Compared with Option 2, the drawback of Option 1 is that the UE needs to use CSI-RS for channel and interference measurement, while it has to use DMRS for data demodulation. Considering A-CSI is mainly designed for DL URLLC which requires quick CSI acquisition at the gNB for link adaption in the next transmission(s), it would be good that the CSI feedback can be reported as fast as possible. Option 2 can enable fast A-CSI feedback since the UE directly utilizes the channel estimation results from the DMRS to get the currently achievable SINR or SINRs if multi-layer transmission is adopted or multiple code words are transmitted. No extra time consumption and no extra CPU power has to be spent for the CSI measurement process when it is based on DMRS. The drawback of Option 2 is that the UE could only measure the channel within the bandwidth of the scheduled PDSCH. According to the discussion in [4], it was observed that CSI measurement based on DMRS together with CSI-RS can improve the CSI quality compared to only using traditional CSI-RS. 
Compared to Option 1 and Option 2, the “DL-SCH data based CSI measurement (Option 3)” needs more processing time for the CSI feedback since the UE must receive the DL-SCH data to complete the channel estimation. Untimely CSI feedback would then result in a reduced system efficiency. Since the CSI measurement via DL-SCH data could be based on the DMRS, the SINR under DMRS measurement may be similar to that from DL-SCH data measurement. Besides, one solution, to only send CSI feedback when the decoding of the DL-SCH failed, will save uplink resources, because the CSI feedback will not be sent in case of successful DL-SCH decoding. However, if the CSI feedback always has to come together with the decoding result of the DL-SCH, it will lose the fast feedback gain, and earlier CSI feedback before the HARQ-A/N could help the gNB to select the suitable MCS value for the next transmission. Hence, the additional DL-SCH data based CSI measurement may be not necessary since the DMRS-based measurement already delivers the similar SINR information and provides shorter measurement latency.

Based on the above discussion, Option 2 can be considered in Rel-16, since it enables a fast CSI computation and requires less extra CPU power for the CSI measurement than other methods. 

Proposal 1: DMRS-based (e.g. control DMRS or PDSCH DMRS) CSI measurement should be considered in Rel-16 for URLLC.
Furthermore, the CSI measurement trigger should be accompanied with the CSI reporting trigger. When the CSI measurement and CSI reporting are triggered in the same grant, it would result in high scheduling flexibility for the gNB and in a higher system efficiency since only one common grant is needed. Hence, if it would be supported to trigger the CSI by the DL assignment, then the CSI measurement should also be triggered via the same DL assignment.

Observation: Same grant for CSI measurement triggering and CSI reporting triggering may be beneficial for reducing the control overhead.
3 Enhanced CSI reporting mode
In the multi-beam case, the gNB may transmit PDCCH via wide Tx beam and PDSCH via a narrow Tx beam, because the PDCCH may be group-common to several UEs and the PDSCH is UE specific. Nevertheless, the narrow Tx beam would be sensitive to the channel condition, since it would be impacted by the UE movement, device rotation, obstacles, etc. The wide Tx beam would be more robust than the narrow Tx beam, although at the UE side, the wide Tx beam results in a lower SINR than the narrow Tx beam. 
For A-CSI triggered by DL-related DCI, CSI information based one PDCCH-DMRS can be reported in addition to CSI based on PDSCH-DMRS. The gNB can decide whether to use the PDCCH beam or the PDSCH beam for the PDSCH (re)transmission. Hence, the A-CSI based on PDCCH-DMRS should be considered in Rel-16 and the report information content based on PDCCH-DMRS needs further study.
Proposal 2: Both PDCCH-DMRS based CSI and PDSCH-DMRS based CSI should be reported for Rel-16 URLLC.
Furthermore, as PDSCH/PDCCH DMRS may occupy limited PRBs and limited Tx beams, CSI-RS can also be considered in DL grant triggered A-CSI report to provide more information. The report information and method using limited reporting bits on PUCCH needs further study.
4 Conclusions 
In this contribution, we discuss CSI enhancements, mainly focuses on enhanced CSI measurement and enhanced CSI reporting. Based on the above discussion, observations and proposals are given as follows: 
Observation: Same grant for CSI measurement triggering and CSI reporting triggering may be beneficial for reducing the control overhead.
Proposal 1: DMRS-based (e.g. control DMRS or PDSCH DMRS) CSI measurement should be considered in Rel-16 for URLLC.
Proposal 2: Both PDCCH-DMRS based CSI and PDSCH-DMRS based CSI should be reported for Rel-16 URLLC.
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