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Introduction
In RAN1#86, RAN1#87 and RAN1#87 NR Ad Hoc, the following agreements were made:
Agreements in RAN1#86
· NR supports aperiodic CSI reporting
· NR supports at least one of following:
· Periodic CSI reporting 
· It can be configured by higher layer
· Semi-persistent CSI reporting
· Configuration of CSI reporting can be activated or de-activated
· FFS: Activation and de-activation mechanism
· Study periodic/aperiodic/semi-persistent CSI reporting by using CSI-RS
· FFS using other RSs
· FFS on necessary configurations, conditions, situations and use cases
· With regard to relating CSI-RS transmission and CSI reporting, following combinations are supported at least
· Aperiodic CSI reporting with aperiodic CSI-RS 
· Aperiodic CSI reporting with semi-persistent/periodic CSI-RS
· Semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS

Agreements in RAN1#87:
· 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
Agreements in RAN1 NR AdHoc:
· For periodic CSI-RS,
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Aperiodic CSI reporting is triggered by DCI
· FFS: Necessity of additional signaling with MAC CE
· For semi-persistent CSI-RS,
· Periodic CSI reporting is not supported.
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission
· Aperiodic CSI reporting is triggered by DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Necessity of additional signaling with MAC CE

In this contribution, we discuss semi-persistent CSI reporting on PUSCH.
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CSI reporting on PUCCH and PUSCH
In LTE, UEs can be configure to report CSI in periodic or aperiodic reporting modes.  Periodic CSI reporting is carried on PUCCH while aperiodic CSI is carried on PUSCH.  PUCCH is transmitted in a fixed or configured number of PRBs and using a single spatial layer with QPSK modulation. PUSCH resources carrying aperiodic CSI reporting are dynamically allocated through uplink grants carried over PDCCH or enhanced PDCCH (EPDCCH), and can occupy a variable number of PRBs, use modulation states such as QPSK, 16QAM, and 64 QAM, as well as multiple spatial layers. 
Periodic CSI reports are formed such that they fit in the small payload of PUCCH, and so may carry less information even when they are piggy backed on PUSCH, for example by the use of codebook subsampling.  By contrast, aperiodic CSI reporting on PUSCH uses the full resolution of the CSI feedback, and is not subsampled.  Furthermore, periodic CSI reporting in LTE requires that at least one PUCCH resource be reserved for the UE, the resource is wasted when the periodic CSI is carried on PUSCH.  
In LTE, the PDCCH UL grant allocates a single resource for all content to be carried on the PUSCH, including UL-SCH, CSI (including RI, CRI, RPI, CQI, and PMI), and HARQ-ACK.  Because the size of the message is determined according to the reported RI, CRI, and/or RPI when CSI is piggy backed on PUSCH. The eNB must allocate extra resources to ensure that both the CSI and data will fit on the PUSCH resource.  It should also be noted that CSI on PUSCH always carries complete CSI messages for a cell or multiple cells. 
In NR, in addition to periodic and aperiodic CSI reporting as in LTE, semi-persistent CSI reporting will also be supported. Thus three types of CSI reporting will be supported in NR.  
For periodic CSI reporting, the CSI is carried on PUCCH (except when it collides with PUSCH in a subframe for the same UE, in which case UCI is piggy backed on PUSCH). The maximum CSI payload size would be known by the gNB based on the configured downlink transmission scheme for which to feedback CSI, and the CSI feedback type for the periodic CSI reporting.  PUCCH resource can be semi-statically reserved/configured for the UE based on the CSI payload size. 
Although semi-persistent CSI reporting will be supported in NR, it is unclear whether CSI will be carried on PUCCH or PUSCH.   In case of semi-persistent CSI reporting based on periodic CSI-RS transmission, the semi-persistent CSI reporting can be considered as a time windowed version of periodic CSI reporting.  
For semi-persistent CSI reporting based on semi-persistent CSI-RS transmission, it is less clear what it looks like. In one option, it can be considered as a time windowed version of both periodic CSI-RS transmission and periodic CSI reporting. In this case, other than the dynamic activation and deactivation part, the rest of the higher layer configurations can be the same as configuring periodic CSI reporting. However, this means that only a single transmission scheme is configured and the CSI reporting corresponds to only the configured transmission scheme and CSI feedback type.  
Given that one design goal in NR is to be switch transmission schemes dynamically, it seems to be desirable to be able to support different Tx schemes or feedback types by semi-persistent CSI feedback at least for semi-persistent CSI-RS transmission, in which different Tx schemes and/or feedback types can be configured in different activation time periods.  
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In another option, different transmission schemes and CSI feedback types are dynamically indicated during the activation of semi-persistent CSI reporting. For different Tx schemes, feedback types, or with carrier aggregation or perhaps Type II CSI, different CSI payload sizes are expected.  PUCCH resource for CSI feedback is typically reserved for a small and fixed size payload, thus is not good for variable CSI payload sizes.   Therefore, it is better to use PUSCH for semi-persistent CSI reporting.
[bookmark: _Toc481788161]PUCCH is not good for variable CSI sizes and is not good for semi-persistent CSI reporting for different Tx schemes, feedback types, and/or where a report’s size varies. 
Another issue is how to exploit the features of PUSCH for better spectral efficiency when reporting CSI.  Periodically reported CSI in LTE is designed for transmission on PUCCH, and so is less spectrally efficient and/or provides lower resolution CSI than CSI reported on PUSCH.  
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Semi-persistent CSI reporting on PUSCH    
For semi-persistent CSI reporting, it can be activated by DCI and the CSI is reported on PUSCH periodically until the semi-persistent CSI reporting is deactivated as shown in Figure 1, where the semi-persistent CSI reporting is very similar to semi-persistent scheduling (SPS) in LTE.
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[bookmark: _Ref481492619]Figure 1: Semi-persistent CSI reporting over PUSCH
The subframes over which CSI is reported are semi-persistently configured through higher layer signaling, such as periodicity and subframe offset.  The DCI may indicate activation/deactivation, PUSCH resource allocation for the reporting, as well as CSI reporting parameters to use.
The semi-persistent CSI activation/deactivation indication can be either explicitly or implicitly signalled.  In case of explicit signaling, one or more dedicated bit field(s) in DCI can be used. In case of implicit signaling, a combination of certain fields in DCI may be used for the purpose.
[bookmark: _Toc481788162]Semi-persistent CSI reporting on PUSCH is similar to SPS in LTE.
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Conclusions
In this contribution we made the following observations:
Observation 1	It is desirable to support different Tx schemes or feedback types by semi-persistent CSI feedback in different activation time periods.
Observation 2	PUCCH is not good for variable CSI sizes and is not good for semi-persistent CSI reporting for different Tx schemes , feedback types, and/or where a report’s size varies.
Observation 3	Semi-persistent CSI reporting on PUSCH is similar to SPS in LTE.

Based on the discussion in this contribution we propose the following:
Proposal 1	Semi-persistent CSI reporting with semi-persistent CSI-RS transmission supports variable report sizes.
Proposal 2	Support semi-persistent CSI reporting on PUSCH with DCI based activation and deactivation.
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