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Introduction
In RAN1#85, CSI acquisition for NR MIMO has been discussed.  Among the CSI acquisition methods, aperiodic CSI is one of the key methods to acquire CSI.  In discussion of the way forward [2],  the following agreements have been reached:
· Study aperiodic CSI reporting in conjunction possibly with aperiodic RS (e.g. one-shot, multi-shot RS) transmission
· Aperiodic RS can be used for CSI measurement including channel measurement (e.g. using CSI-RS) and/or interference measurement (e.g. using IMR)
· Study on demand UE measurement/reports and TRP RS transmission for CSI measurement only when needed 
· Study aperiodic CSI procedure to support CSI triggering, CSI measurement and CSI feedback in certain time interval(s).  These three steps can happen in the same or different time interval.
· Study aperiodic CSI procedure using RS for CSI measurement e.g. CSI-RS, demodulation RS.
· Others are not precluded
In this contribution, we further discuss the details of aperiodic CSI feedback.
Aperiodic CSI measurement 
Aperiodic reference signal for channel measurement
[bookmark: _GoBack]According to the agreement about NR forward compatibility in RAN1#84bis[3], we should strive for minimizing transmission of always-on signals.  Therefore, always-on reference signals like CRS should be avoided.  Reference signals are traditionally used for measurement and demodulation. Reference signal contamination issue can be a major issue to the network if reference signals are not designed well. For example in LTE, CRS interference significantly reduces the network capacity if there is no interference cancellation.  
In addition, we should also avoid periodic reference signal as much as we can.  If low-frequency carrier assisted high-frequency carrier is considered, it may be possible to always use aperiodic reference signals and avoid purely periodic reference signal in high frequency.  To replace periodic reference signals, aperiodic reference signals or multi-shot reference signal with certain periodicity can be considered.  Reference signals should be transmitted only when it is needed. Figure 1 illustrates dynamic configuration of aperiodic CSI measurement RS. The aperiodic reference signal is transmitted only when the CSI measurement is triggered.
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          Figure 1 Dynamic configuration of aperiodic measurement RS in different domains
This applies to both CSI feedback and beam selection.   Compared to periodic beam selection, beam selection can be more flexible for aperiodic beam selection.  Beam selection can be conducted only when it is needed such as when there is blockage or disconnection or deterioration happens or just after wake-up when the data comes.  Since it is aperiodic, flexible resource allocation for beam selection can be achieved.  Designing a proper mechanism of triggering for beam selection is critical.  It would be challenging especially if we consider standalone NR high frequency network.  If low-frequency carrier assisted high-frequency carrier is considered, it may be possible to always use aperiodic reference signals and avoid periodic reference signal.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Aperiodic resource for interference measurement
Together with aperiodic RS for channel measurement or beam selection, aperiodic resource for interference measurement can be introduced such that it increases the flexibility of measuring the desired MU or inter-cell interference only when it is needed.  Also, if interference measurement resource (IMR) is flexibly placed in different subframes, it can measure the MU interference from the data channel of the targeted paired UE without using extra overhead.  Figure 2 illustrates the case that the UE0 measures interference in the subframe where aperiodic IMR is located in the subframe where data of UE1 is scheduled. 


Figure 2 Flexible aperiodic interference measurement
Another possible approach is to measure interference channel explicitly from non-zero power RS e.g. NZP beamformed CSI-RS.    Aperiodic IMR would provide flexibility of measuring desired interference in different subframes. 
Resource pool for aperiodic CSI measurement can be shared by channel and interference measurement.  Then aperiodic trigger indicates the resource for channel measurement and interference measurement dynamically.
Proposal 1：Support aperiodic reference signal for channel measurement for CSI feedback and beam selection/training.  Support aperiodic interference measurement resource for interference measurement.  Study resource pool sharing for channel and interference measurement resources.
Using demodulation RS for CSI refinement
In current LTE, DMRS is only used for data demodulation. If DMRS can be employed to measure and report CSI, the accuracy and latency of the CSI acquisition is improved since the DMRS-based CSI reflects the channel condition in data transmission directly.  Due to the high accuracy and low latency, the DMRS-based CSI can be used for link monitoring and fast transmission scheme adjustment. 
One simple example is to support DMRS-based CQI refinement so that the network can obtain the quality of the link rapidly.  In addition to CSI feedback, the network often uses HARQ feedback for MCS refinement.  Outer Loop Link Adaptation (OLLA), HARQ-ACK/NACK is transmitted and the transmission MCS is adjusted according to ACK/NACK and the predefined target BLER.  However, it sometimes takes too much time to converge and reach the target BLER especially when we consider small packet data transmission.  This can be extended to an enhanced scheme called soft HARQ where HARQ ACK/NACK is jointly coded with CSI  For example, UE feeds back delta SINR at demodulation stage, where delta SINR is the difference between the SINR of demodulation and SINR of target BLER.  This SINR can be estimated using DMRS.  This can also be seen as the power offset or CQI offset suggested by the UE to maintain the target BLER. Soft HARQ feedback indicates how much room it has to increase the MCS or power when ACK is fed back.  Similarly, it indicates how much more power it needs to reach the target BLER when NACK is fed back.   The network then can determine the granted MCS based on CSI feedback and soft HARQ feedback.  
In addition to the CQI/MCS adjustment, DMRS can be used for beam refinement.  In order to evaluate the signal receive quality of different potential beams used currently, DMRS can be transmitted with these beams in a round-robin way. UE measures the channel and feeds back the best one or more beams based on DMRS. By doing this, the network can adjust not only MCS but also the beam with very low latency.
Proposal 2：Study DMRS based CSI feedback including CQI adjustment and beam refinement.  Study soft HARQ scheme to jointly feed back HARQ and CSI.
Self-contained design for CQI and beam refinement 
Considering less stable high frequency radio link, it is desirable to support triggering of beam selection, CSI measurement and CSI reporting in the same subframe for fast beam selection. This enables the flexibility for the network to configure the desired measurement RS and trigger the CSI component/level according to its need.  The network can then flexibly configure number of beams and granularity of beams and inform the UE about the information of reference signals and the feedback configuration.    In addition to time domain, self-contained resources can be frequency domain resources or beam/port resources.  Further study should be done to investigate into the UE complexity of feeding back the beam selection/CSI information in the same subframe.  If self-contained design for HARQ feedback is possible, it should be feasible to extend it for CSI feedback as well.   As discussed in section 2.3, some simple adjustment on CQI or beam refinement can be done if the complexity is reasonably low.  If self-contained design is not possible for some cases, the feedback timing can be considered to be configurable.  
Proposal 3:  Support self-contained design to have triggering of aperiodic CSI/beam selection, CSI measurement and CSI reporting in the same subframe.

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we discuss aperiodic CSI mechanism.  
Proposal 1：Support aperiodic reference signal for channel measurement for CSI feedback and beam selection/training.  Support aperiodic interference measurement resource for interference measurement.  Study resource pool sharing for channel and interference measurement resources.
Proposal 2：Study DMRS based CSI feedback including CQI adjustment and beam refinement.  Study soft HARQ scheme to jointly feed back HARQ and CSI.
Proposal 3:  Support self-contained design to have triggering of aperiodic CSI/beam selection, CSI measurement and CSI reporting in the same subframe.
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