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1 Introduction

UCI transmissions in LTE, with the exception of aperiodic CSI (A-CSI) reports, occur at predefined time instances such as ones determined by HARQ-ACK timing (even when defined by an UL reference UL/DL configuration in eIMTA) or ones configured by higher layer signaling such as for periodic CSI transmissions. 
For DL scheduling purposes, NR is likely to primarily rely on aperiodic CSI-RS transmissions and A-CSI reports. This can be motivated for more efficient spectrum utilization, support for dynamic adaptation of transmission directions, support for TDM/FDM of different services/numerologies, etc. Aperiodic CSI-RS transmissions practically require A-CSI reports as resources reserved for periodic or semi-persistent CSI reports can be effectively wasted or be difficult to otherwise utilize when there are no recent CSI-RS transmissions for corresponding UEs. Further, the periodicity of CSI reporting can be difficult for a network to properly set when there is no associated consistent periodic DL signal transmission as in LTE (CSI-RS, CRS) for CSI measurements. 
A-CSI reports aim to avoid the limitations of periodic or semi-persistent CSI reports and improve spectrum utilization as a UE reports CSI only when a need is dynamically determined by the gNB (e.g. based on data arrival in the DL buffer for the UE). A limitation of A-CSI reporting is the requirement for an UL grant. Due to the associated DL control overhead, this requirement can offset UL spectral efficiency gains from not configuring resources for periodic or semi-persistent CSI reports. When a gNB determines a need for an A-CSI report from a UE at a given time, the UE may not have data to transmit or the UE may not be one that should be scheduled at that time. The scheduler operation also becomes more complex as another dimension is introduced (potential need for A-CSI report from UEs) to its functionalities. Further, as different configurations of an aperiodic CSI-RS transmission can be used by several UEs, it is difficult to obtain A-CSI reports from all UEs with short latency as the gNB needs to transmit several corresponding UL grants within a very short time period.
This contribution considers dynamic triggering of A-CSI reports from a group of UEs in order to decouple the scheduler operation for UL data scheduling from the scheduler operation for DL data scheduling (requiring the aperiodic CSI reports), minimize the DL control signaling overhead, and minimize reporting latency. 
2 UE-Group CSI
Although UE-specific, configurations of an aperiodic CSI-RS transmission need to serve multiple UEs. Then, in order for the measurements to be beneficial, the UEs need to provide CSI reports with low latency. A-CSI reports in LTE are supported through UL DCI formats (UL grants) scheduling PUSCHs where the A-CSI reports are multiplexed. An UL grant does not necessarily need to also schedule data transmission with the A-CSI report in a PUSCH [1]. This is largely sufficient in LTE as the periodic nature of CSI-RS (and CRS) transmissions fits well with periodic CSI reports. For example, a network can jointly arrange a timing of periodic CSI reports and a timing of periodic CSI-RS transmissions. However, this mechanism was designed in Rel-8 and Rel-10 without ‘forward compatibility’ considerations and started becoming a limiting factor as increased support of MIMO and CA requires detailed CSI feedback to achieve the throughput gains. Such detailed CSI feedback cannot be provided by periodic CSI reports and UL grants and PUSCH transmissions are required for A-CSI reports. Relying on UL grants to obtain CSI reports from groups of UEs is problematic in terms of DL overhead, scheduler operation, and latency.
The LTE limitations can be avoided in NR by using UE-group common triggering for A-CSI reports. Similar to other cases for UE-group common control signaling considered in NR, a UE-group common PDCCH triggering A-CSI reports need not be mandatory for a network and the network can still obtain A-CSI reports from UEs using individual UL grants with respective A-CSI requests. Nevertheless, as previously mentioned, having a gNB transmit UL grants to multiple UEs for the main/only purpose of obtaining an A-CSI report is problematic and NR should provide better functionality than LTE. 
The A-CSI report triggering from a group of UEs can be by a respective UE-group common PDCCH. Each UE is configured a location for an A-CSI request in the DCI format conveyed by the UE-group common PDCCH for A-CSI reporting. The gNB can optionally use the UE-group common PDCCH to trigger A-CSI reports from several UEs that do not require scheduling for data transmissions and to obtain A-CSI reports from the UEs with minimum latency that, due to DL control resource limitations at a given time, would not be possible with transmissions of several respective UL grants. 
Proposal: Support UE-group common PDCCH for triggering aperiodic CSI-RS reports.

3 Conclusions

This contribution considered the need and benefits for triggering aperiodic CSI reports from a group of UEs with a single UE-group common PDCCH. They include DL control overhead reduction, minimum latency for the CSI reporting, and simpler scheduler operation. As a consequence, the following are proposed. 
Proposal: Support UE-group common PDCCH for triggering aperiodic CSI-RS reports.
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