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Introduction
In RAN1#86, RAN1#87 and RAN1#87 NR Ad Hoc, the following agreements related to semi-persistent CSI reporting were made:
Agreements in RAN1#86
· 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#87 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
Agreements in RAN1#90:
· R1-1715288 is agreed

In our previous contribution [2], we discussed the need for supporting semi-persistent CSI reporting on PUSCH. In this contribution, which is a revision of [2], we further discuss the scenarios for semi-persistent CSI reporting on PUSCH.
[bookmark: _Ref178064866]Discussion
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 unless there is a PUSCH scheduled in the same subframe for the same UE in which case it is piggy back on the PUSCH, while aperiodic CSI is carried on PUSCH.  PUCCH is transmitted in a fixed or configured number of PRBs and uses a single spatial layer with QPSK modulation regardless of the channel conditions, thus there is no link adaptation for PUCCH.  On the other hand, 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, different 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, PUCCH format 2/2a/2b can carry up to 11bits, a CSI report is typically spread over multiple subframes.  By contrast, aperiodic CSI reporting on PUSCH can carry much larger payload and a CSI report is fed back in one subframe.  Furthermore, periodic CSI reporting in LTE requires pre-reservation of PUCCH resources for a UE.  
In LTE, the PDCCH UL grant allocates a single PUSCH 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 can fit in the PUSCH resource.  It should also be noted that CSI on PUSCH always carries complete CSI reports 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.   In RAN1#90, it was agreed that the combinations of CSI reporting, frequency granularity, physical channel being used, and CSI types shown in Table 1 will be supported in NR.
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[image: ](+) FFS: if partial band is a portion of a bandwidth part; wideband is an entire bandwidth part
(*) FFS: The conditions for using short PUCCH vs. long PUCCH
· To be concluded in RAN1 NR-AH3
(**) FFS: Potential down selection of the three options
(***) Type II CSI is only applicable for PUSCH (if supported)
· FFS: support for partial Type II CSI reporting for SP-CSI
(****) If Y=0 supported, A-CSI can also be reported over short PUCCH, e.g. for WB CQI for URLLC




For periodic CSI reporting, only wideband or partial band Type I CSI will be carried on either short PUCCH or long PUCCH. Unlike in LTE, a periodic CSI report in NR will be carried in a single slot.  This makes sense as the typical use case for periodic CSI reporting is likely to obtain coarse CSI feedback for small and infrequent data or PDCCH transmissions to a UE.  On the other hand, for more accurate CSI feedback such as subband CSI or Type II CSI, aperiodic CSI reporting on PUSCH will be used. 
For semi-persistent CSI reporting, it was agreed that both wideband and subband CSI are supported and the reporting can be on either short PUCCH, long PUCCH, or PUSCH, subject to potential down selection. 
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.  In this case, semi-persistent CSI reporting would be on either short PUCCH or long PUCCH as in the case of periodic CSI reporting.
For semi-persistent CSI reporting based on semi-persistent CSI-RS transmission, whether CSI reporting is carried on PUCCH or PUSCH is still to be decided. In one scenario, it can be considered as a time windowed version of both periodic CSI-RS transmission and periodic CSI reporting. In this case, semi-persistent CSI reporting would be on PUCCH.  The motivation for this scenario can be to save CSI-RS overhead. 
In another scenario, semi-persistent CSI-RS and CSI reporting are used as an extension of aperiodic CSI-RS and CSI reporting, where a single PDCCH triggers multiple CSI reportings on PUSCH.  The motivation for this scenario can be to get finer granularity CSI (such as Type II CSI) feedbacks in a pre-determined time period without additional PDCCH overhead. This may be used when a large amount of data is to be transmitted in the downlink and timely CSI feedback in a period of time is needed. For Type II CSI, it can be sensitive to underlying channel changes and frequent feedback is needed to keep track of channel changes. This could result in large PDCCH overhead if aperiodic CSI is used. 
In the first scenario, only a single type of wideband type I CSI is reported. Given that one of the design goals in NR is to be able to switch transmission schemes dynamically, it is desirable to support different Tx schemes or CSI feedback types also 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.  
[bookmark: _Toc492843275]It is desirable to support different Tx schemes or CSI feedback types by semi-persistent CSI feedback in different activation time periods.
For different Tx schemes, feedback types, or with carrier aggregation or Type II CSI, different CSI payload sizes are expected.  PUCCH resource for CSI feedback is typically reserved for a small and fixed size payload. For variable CSI payload sizes, it is better to use PUSCH for semi-persistent CSI reporting.
[bookmark: _Toc492843276]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 on PUSCH, 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 like semi-persistent scheduling (SPS) in LTE.
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[bookmark: _Ref481492619]Figure 1: Semi-persistent CSI reporting over PUSCH
The subframes or slots over which CSI is reported are semi-persistently configured through higher layer signaling, such as periodicity and subframe/slot offset.  The DCI is used to 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 signaled.  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: _Toc492843277]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 CSI 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 supports variable CSI report sizes on PUSCH.
Proposal 2	Support semi-persistent CSI reporting on PUSCH with DCI based activation (including resource allocation) and de-activation.
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