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1 Introduction
In RAN1#87 meeting, the following agreements have been achieved for CSI-RS and CSI reporting:
· NR supports semi-persistent CSI-RS transmissions

· Activation(s)/de-activation(s) of CSI-RS resource is triggered dynamically

· Note: “dynamically” here can be DCI and/or MAC CE based. FFS details.

· NR supports semi-statically configured/re-configured periodic CSI-RS transmissions

· FFS: Details on signaling mechanisms

· For NR, support both periodic and semi-persistent CSI reporting:

· For periodic: higher-layer configuration of reporting periodicity and timing offset
· FFS for the case of semi-persistent CSI reporting w.r.t. reporting periodicity and timing offset
· FFS on detailed signaling
In addition, aperiodic CSI-RS transmission and aperiodic CSI reporting was agreed to support in NR in RAN1#86b meeting. In this contribution, signaling method and configuration of semi-persistent CSI-RS transmissions/CSI reporting and aperiodic CSI-RS transmissions/CSI reporting are discussed for NR MIMO.
2 Configurations for semi-persistent CSI-RS transmission
2.1   Activation/deactivation mechanism
Semi-persistent CSI-RS activation/deactivation signalling triggers/cancels multiple shots of CSI-RS transmissions, therefore reliability should be guaranteed for the signalling. Since an ACK/NACK mechanism is provided for MAC CE transmission, CSI-RS activation/deactivation by MAC CE should be supported.
Proposal 1: Activation/deactivation by MAC CE should be supported for semi-persistent CSI-RS transmission.

2.1 Time gap between CSI-RS activation/deactivation and CSI-RS transmission/stopping 
With a MAC CE based CSI-RS activation/deactivation mechanism, appropriate time gap (X in Figure 1, in number of subframes) between the CSI-RS activation and the CSI-RS transmission, and time gap (Y in Figure 1, in number of subframes) between CSI-RS deactivation and CSI-RS stops transmission, should be guaranteed. For the configuration of X and Y, several options can be studied:

1) Fixed X and Y: with fixed X and Y, the decoding delay of MAC CE packets, denoted as 
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(in number of subframes), should be considered to guarantee at least that X>
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 and Y>
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.
2) Configurable X and Y: considering multiple numerologies and dynamic TDD in NR, the MAC CE decoding delay can be configurable to support higher flexibility. For example, the MAC CE decoding delay with a small subcarrier spacing may be much smaller than that with a larger subcarrier spacing.
Proposal 2: Configurable time gap between CSI-RS activation/deactivation and CSI-RS transmission/stopping should be supported.
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Figure 1 Semi-persistent CSI-RS transmission
2.3     Configuration mechanism for semi-persistent CSI-RS 

To configure the above parameters (e.g., X, Y and periodicity) for semi-persistent CSI-RS transmission, a two level configuration mechanism can be considered, which includes:
1) First level: RRC configuration which configures K CSI-RS resources that are shared among a UE group. Each resource is characterized by parameters like time gaps X and Y, .etc.

2) Second level: MAC CE configuration which configures N out of  K resources for a UE or UE group when activating the CSI-RS, Therefore, the configured N resources can be UE specific or UE group specific..
Proposal 3: A two level configuration mechanism should be supported for semi-persistent CSI-RS transmission, and the second level configuration is MAC CE based.
3 Configurations for semi-persistent CSI reporting  

3.1 Activation/deactivation mechanism
Since in some scenarios, like eNB sweeps beams with a semi-persistent CSI-RS transmission, and only the best M CRI/RSRP are required to be reported by UE, semi-persistent CSI reporting may not be needed, since an aperiodic CSI reporting at the end of the CSI-RS transmission is sufficient. Therefore, separate activation of semi-persistent CSI-RS and semi-persistent CSI reporting should be supported. However, joint deactivation of semi-persistent CSI-RS and semi-persistent CSI reporting is reasonable. When CSI-RS is deactivated, no CSI-RS will be transmitted (after a period of Y). Therefore, it is reasonable to consider the CSI reporting is also deactivated. To guarantee reliability, the activation/deactivation should be based on MAC CE.
Proposal 4: Separate MAC CE activation of semi-persistent CSI-RS and semi-persistent CSI reporting, and joint MAC CE deactivation of semi-persistent and semi-persistent CSI reporting should be supported.
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Figure 2 Semi-persistent CSI-RS and semi-persissistent CSI reporting
3.2    Time gap between semi-persistent CSI deactivation and CSI stopping
When eNB deactivates the CSI-RS, which also indicates the deactivation of CSI reporting, in case UE has some un-reported CSI due to aspects like long reporting periodicity and reporting time offset. The un-reported CSI can be dropped or reported based on a mechanism in case the unreported CSI is important.
Proposal 5: A mechanism allowing UE to report or drop the un-reported CSI should be studied.
3.2 Parameter configuration mechanism
Similar to semi-persistent CSI-RS configuration, a two level configuration mechanism can be supported for semi-persistent CSI reporting:

1) First level: RRC configuration. RRC signaling configures K CSI reporting resources which can be shared for a UE group. Each resource is characterized by time gaps X’ and Y’, etc.

2) Second level: MAC CE configuration. When activating the CSI reporting by MAC CE, N out of K resources can be configured for a UE or UE group. Therefore, the configured N resources can be UE specific or UE group specific. In addition, parameters like CSI content can be configured by MAC CE.
Proposal 6: A two level configuration mechanism should be supported for semi-persistent CSI reporting, and the second level configuration is MAC CE based. 
4 Signaling mechanism for aperiodic CSI reporting  
In LTE, the CSI measurement and CSI reporting are closely coupled. When the CSI reporting mode is configured through the RRC signaling under a certain transmission mode, the UE will always implement the CSI measurement assuming a fixed transmission scheme. Once the CSI reporting is triggered by the DCI, the UE will report the CSI to the base station based on previous CSI measurement on the basis of a fixed transmission scheme. 
However, this coupled CSI measurement and reporting mechanism is lack of flexibility to support dynamic transmission scheme switching. For instance, the UE performs the CSI measurement based on the RRC configured closed loop MIMO scheme. However, the closed loop MIMO may not be optimal for the current channel condition due to the change of channel condition. It will not infeasible to trigger a CSI report immediately based on other transmission schemes as the UE only stores the CSI measurement results with the assumption of closed loop MIMO. To obtain a new CSI report associated with other transmission schemes, the gNB has to reconfigure the CSI measurement parameters and it will be costly and inefficient especially for measurement latency based on semi-persistent CSI-RS transmission. For example, if gNB transmits a semi-persistent CSI-RS for subband sweeping or beam sweeping as in Figure 3 and requires UE to report the CQI/PMI of the preferred M subbands or preferred M beams in an aperiodic CSI report, the information to indicate UE a proper measurement should be transmitted to UE before triggering the CSI reporting. To handle this issue, separate signaling for CSI measurement and for reporting should be supported. 
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Figure 3 aperiodic CSI reporting with semi-persistent CSI--RS
To provide the flexibility for the CSI measurement and reporting mechanism to enable the dynamic transmission scheme switching, a more flexible configuration mechanism can be considered as illustrated in Figure 4. The CSI measurement configurations pool incorporates a set of candidate CSI measurement assumptions, e.g. multiple transmission scheme assumptions. And the CSI reporting configuration can trigger a CSI reporting based on a subset of the configuration pool for CSI measurement.
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Figure 4. Decouple CSI measurement configuration and CSI reporting configuration
A two-level signaling can be exploited for the separate CSI measurement configuration and CSI reporting configuration mechanism. The first level signaling indicates UE with a CSI measurement configuration pool to instruct UE the measurement behavior. For example, CSI measurement configuration pool includes the configuration of the CSI-RS for the measurement, multiple transmission schemes, CSI reporting types (e.g., explicit or implicit CSI) that of interest, and measurement restrictions, etc.  Based on this first level signaling, UE is able to conduct a proper measurement preparing for the future CSI reporting. The second level signaling aims to triggering the CSI reporting based on a selected measurement assumption in the measurement configuration pool of the first level signaling according to current scheduling requirement. 
Proposal 7: CSI measurement configuration pool with multiple measurement configurations e.g. multiple transmission schemes should be considered.
Proposal 8: A multi-level signaling mechanism that separately triggers CSI measurement and aperiodic CSI reporting should be supported in NR.
5 Semi-persistent CSI reporting with aperiodic CSI-RS 
For power limited UE (e.g., cell-edge UE), if multiple CSI types are configured to be reported (e.g., CQI, PMI, RI and CRI), activating one single aperiodic CSI reporting may result in reporting accuracy loss since the reporting payload size is large. In this case, it is reasonable to report these CSI contents separately in a semi-persistent CSI reporting manner to improve the reporting accuracy of each CSI content. 
Proposal 9: Semi-persistent CSI reporting with aperiodic CSI-RS transmission should be studied for power limited UE.
6 Conclusions
Proposal 1: Activation/deactivation by MAC CE should be supported for semi-persistent CSI-RS transmission.

Proposal 2: Configurable time gap between CSI-RS activation/deactivation and CSI-RS transmission/stopping should be supported.

Proposal 3: A two level configuration mechanism should be supported for semi-persistent CSI-RS transmission, and the second level configuration is MAC CE based.
Proposal 4: Separate MAC CE activation of semi-persistent CSI-RS and semi-persistent CSI reporting, and joint MAC CE deactivation of semi-persistent and semi-persistent CSI reporting should be supported.
Proposal 5: A mechanism allowing UE to report or drop the un-reported CSI should be studied.
Proposal 6: A two level configuration mechanism should be supported for semi-persistent CSI reporting, and the second level configuration is MAC CE based.

Proposal 7: CSI measurement configuration pool with multiple measurement configurations e.g. multiple transmission schemes should be considered.
Proposal 8: A multi-level signaling mechanism that separately triggers CSI measurement and aperiodic CSI reporting should be supported in NR.
Proposal 9: Semi-persistent CSI reporting with aperiodic CSI-RS transmission should be studied for power limited UE.
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