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Introduction
In RAN1#85, a WF on CSI acquisition framework [1] in NR has been discussed.  It is agreed that 
· In NR multi-antenna schemes, studies on CSI acquisition framework include
· CSI reporting schemes
· Implicit CSI feedback
· Parameters indicating channel quality based on a set of transmission and receiving hypotheses associated with one particular UE, e.g. CQI, PMI, RI, CRI
· Explicit CSI feedback: for both quantized and unquantized/analog CSI feedback
· Parameters representing channel coefficients or some reduced-space representation thereof
· Reciprocity-based feedback
· For example, take into account interference and/or receiver hypothesis can be included
· Note: including aperiodic, periodic and semi-persistent, and single/wide band and sub-band feedback
· Mixed feedback is not precluded
· Interference measurement
· FFS: CSI measurement and/or reporting and/or triggering can be ‘self-contained’ in at least time domain
In this contribution, we discuss views on CSI feedback schemes for NR MIMO.
Discussion
Implicit CSI feedback
Assuming certain transmission scheme, the implicit CSI feedback provides a CQI and RI (if needed) to indicate the channel quality and rank.  For close-loop MIMO, implicit CSI feedback further includes a PMI to indicate the precoding matrix based on a predefined PMI codebook.  The implicit CSI typically depends on the type of receiver implemented by the UE, e.g., MRC, LMMSE, LMMSE+IRC, etc., which has been demonstrated suitable for SU-MIMO.  
One potential issue with implicit CSI feedback for close-loop spatial multiplexing in LTE is its application with MU-MIMO.  As the implicit CSI is determined assuming SU-MIMO transmission, the potential MU interference is not presented in the reported CQI.  It could lead to a MCS and rank mismatch in actual DL MU-MIMO transmission.  Although there has been a long discussion in LTE that whether a MU-CSI should be introduced to facilitate the MU transmission, no agreement has been reached in LTE.  
In NR MIMO, periodic RS transmission is likely to be restricted due to its overhead.  The CSI measurement and reporting is expected to be based on aperiodic RS according to UE’s traffic demand.  Similar to DL data transmission, the aperiodic RS transmission is scheduled by the cell/TRP.  Thus, it is feasible to pre-schedule the aperiodic transmission for the UEs which are potentially capable for MU operation.  Those UEs can measure the MU interference based on the co-scheduled aperiodic RS and include such interference in their CQI report.
Proposal 1: Implicit CSI feedback based on prescheduling of aperiodic RS shall be supported for close- and open-loop MIMO in NR.
The close-loop MIMO performance with implicit CSI feedback based on non-beamformed RS is tightly coupled with the PMI codebook design for the corresponding antenna port layout.  Since LTE Rel-13, a configurable PMI codebook framework has been introduced to support various 1D or 2D antenna array with up to 16 ports.  In LTE Rel-14, the PMI codebook with up to 32 ports are under discussing.  It is well known that the increasing the number of antenna ports leads to an increase of RS overhead and an unavoidable large PMI codebook.  The design of a PMI codebook is non-trivial, not to mention to support various antenna port layouts.  
Proposal 2: For non-beamformed RS based implicit CSI feedback, take the Rel-14 CLASS A codebook as a starting point.
In LTE Rel-13, the CLASS B CSI feedback based on K > 1 beamformed CSI-RSs include a single CSI-RS resource indicator (CRI) to indicate which CSI-RS resource is selected as a reference for CQI/PMI/RI reporting.  Similarly, K > 1 beamformed RS resources may be configured for CSI measurement in NR MIMO.  The implicit feedback based on multiple beamformed RSs shall be supported for both close- and open-loop MIMO.  Several alternatives can be considered.
· Alt-1. Common RI + independent CQI/PMI
· Alt-2. Best set of CRIs + aggregated RI/CQI
· Alt-3. Two-level CRI
· Alt-4. Best-M subband CRI
In Alt-1, a UE may report a common RI for all K CSI-RS resources.  For each CSI-RS resource, a CQI (and a PMI if needed) can be reported for the common RI by assuming certain close- or open-loop MIMO transmission.  This gives the TRP the flexibility to perform dynamic beam switching for DL data transmission.
In Alt-2, a UE may report multiple CRIs to indicate a subset of candidate beams for open-loop beam cycling.  The RI and CQI is determined by assuming certain predefined beam cycling on the selected beams associated with the RS resources indicated by CRIs.  The multiple CRIs may be reported individually or using joint encoding.
In Alt-2, the beam switching is performed in a deterministic manner.  To enable UE assisted subband beam switching, Alt-3 and Alt-4 can be considered.  In Alt-3, a first level wideband CRI is reported to indicate that the beams associated with the corresponding resource(s) shall be considered for dynamic beam switching.  The UE assisted subband beam is selection is indicated by a second level subband CRI reporting.  The subband CRI reporting indicates which one of the best beams indicated by the first level CRI shall be considered for a given subband.  For close-loop MIMO, the PMI reporting is determined based on the subband CRI.  
Alt-4 provides another approach to support UE assisted subband beam switching.  Similar to the best-M subband CQI reporting, a UE can report best-M CRI to indicate several selected subbands and the best CRI on each of them.
Proposal 3: For beamformed RS based implicit CSI feedback, dynamic beam switching shall be supported.  Above four alternatives can be studied.
For joint operation among cell-specific beamformed RS and UE-specific RS, the implicit CSI feedback may provide the CSI for close- or open-loop MIMO based on UE-specific RS and the CSI for refining the UE-specific RS beamforming.  The former may include CQI, RI and PMI if needed.  The latter could be an indication of how to combine multiple cell-specific beams to form a better UE-specific beam, e.g., a PMI based on some linear combination codebook, or a differential PMI to indicate some incremental information for tuning current UE-specific RS beamforming.
Proposal 4: For hybrid of cell-specific beamformed RS and UE-specific RS, the implicit CSI feedback may include a CQI/RI/PMI based on UE-specific RS assuming certain MIMO transmission, and a CSI for refining the UE-specific RS beamforming based on cell-specific RS or on both cell- and UE-specific RSs.
Explicit CSI feedback
Unlike implicit feedback, explicit feedback provides another way to report CSI.  The channel coefficients or some statistics derived from channel coefficient are explicitly reported with or without quantization.  For unquantized explicit feedback, a special UL channel are needed to convey the CSI.  The CSI may suffer from the link failure, especially for cell-edge UEs, depending on the detailed design.  The sensitivity of performance to the erroneous CSI shall be carefully studied for unquantized explicit feedback.  
Proposal 5: Study sensitivity of performance to the erroneous unquantized explicit CSI feedback.
The quantized explicit feedback tends to be more robust for cell-edge UEs.  Feedback of channel coefficients seems to be able to provide the cell/TRP with near full knowledge of the channel which is friendly for MU operation.  However, some issues need to be considered for explicit channel coefficient feedback.  First, standalone channel coefficient feedback may not be sufficient as the knowledge of interference is still needed at the cell/TRP to determine a proper MCS. Second, the payload size could be much larger than that of implicit feedback.  So, explicit feedback is more suitable for some long-term/wideband quantities in conjunction with implicit feedback for short-term/subband CSI. 
Proposal 6: Explicit feedback can be considered for long-term/wideband CSI in conjunction with implicit feedback for short-term/subband CSI.
One possible use case of joint explicit and implicit feedback is with hybrid of non-beamformed RS and UE-specific RS.  The cell/TRP may transmit non-beamformed RS with a long duty cycle.  A UE can estimate the channel covariance matrix based on the non-beamformed RS.  The estimated channel covariance matrix may be explicitly reported to the cell/TRP.  The cell/TRP may perform UE-specific RS beamforming based on the reported channel covariance matrix.  The UE may measure implicit CSI based on UE-specific RS.  Directly quantize the channel covariance can result in a huge CSI payload size when the number of non-beamformed CSI-RS is getting large.  The dimension reduction representation can be applied to reduce the amount of feedback.  For example, the estimated Nt Nt channel covariance matrix R can be projected to the subspace spanned by a few number of basis, say {bi}, i = 1, 2, …, K, where K << Nt.  The basis may be selected from a predefine set.  A UE may quantized projections aij = Q(biHRbj) and the indices of the selected basis.  The cell/TRP may recover the eigenvectors of the channel covariance based on {bi} and {aij} and use the eigenvectors as beamformers for UE-specific RS.
Proposal 7: Support of quantized explicit feedback for long-term channel statistics can be considered.
Interference feedback for reciprocity-based spatial multiplexing
When UL-DL reciprocity can be exploited to provide knowledge of the DL channel at the TRP, a reciprocity-based spatial multiplexing transmission scheme could be employed to provide accurate channel state information at the TRP.  Such a transmission scheme would additionally require the UEs to report the interference measured in the RS used for CSI measurements, or in the data resources.  The interference reporting can be in multiple forms, including CQI, interference covariance matrix, and/or RI, and/or PMI, and/or demodulation SINR, etc.  Specifically, an example of interference reporting could be a combination of a properly-quantized or averaged, wideband or narrowband, interference covariance matrix, with the measured CQI, which could be exploited by the TRP for steering the reciprocity-based beams and for adjusting scheduling decisions.  Another example is the demodulation SINR measured in the data resources which could be especially helpful for bursty type of traffic when there might not be sufficient back-to-back transmissions for the TRP’s outer loop to converge.  The details of interference measurement reporting need to be carefully studied possibly in conjunction with reciprocity-based transmission schemes.
Proposal 8: Study various interference reporting schemes in conjunction with reciprocity based spatial multiplexing.
Self-contained feedback
It is agreed to further study if the CSI measurement and/or reporting and/or triggering can be “self-contained” in at least time domain.  One notion of self-contained data transaction is clearly defined in [2], i.e., the UE activity during a transaction is limited to confined time/frequency footprint.  This is important not only for forward compatibility but also for fast CSI acquisition.  Two types of self-contained subframe structures were proposed in [3] to support self-contained data transactions, and the analogs for CSI-RS and reporting are shown below in Figure 1. Note that this concept is not necessarily restricted to TDD operation. 


Figure 1. Two examples of self-contained CSI feedback in a TDD system.
The CSI feedback procedure includes following steps
1) Transmission of CSI triggering on DL control channel
2) Decoding CSI triggering
3) Transmission of RS for CSI measurement
4) CSI measurement on triggered RS resource
5) CSI reporting to TRP
One possible definition for “self-contained” CSI feedback could be that the CSI triggering, RS transmission, CSI measurement and CSI feedback all happens within the same or interlaced self-contained subframe.  As shown in Figure 2, whether or not a CSI feedback can be fully “self-contained” in same subframe or in a single interlaced subframe depends on many factors, including
· DL propagation delay 
· Time for DL control channel decoding
· Location of RS for CSI measurement
· Time for CSI measurement
· UL timing advancing
· Granularity/contents of the CSI report
[image: ]
Figure 2.  Timeline of CSI feedback (tpd is the DL propagation delay, tTA is the UL timing advancing, tRS is the time available for decoding CSI triggering, tCSI is the time available for CSI measurement)
If there is not enough time for CSI measurement, the “self-contained” CSI feedback may be relaxed.  One possible relaxation could be allowing CSI triggering are not “self-contained”.  That means the CSI triggering may in subframe n while the RS transmission and CSI measurement/reporting may happen in subframe n + k, where k > 0.  Another possible relaxation is just feedback some lightweight CSI, e.g., only the CQI/RI reporting can be self-contained.
Proposal 9: Feasibility of “self-contained” CSI feedback should be studied.
[bookmark: _Ref378529477]Conclusions
In summary, we discuss views on various CSI feedback schemes for NR close- and open-loop MIMO. We propose 
Proposal 1: Implicit CSI feedback based on prescheduling of aperiodic RS shall be supported for close- and open-loop MIMO in NR.
Proposal 2: For non-beamformed RS based implicit CSI feedback, take the Rel-14 CLASS A codebook as a starting point.
Proposal 3: For beamformed RS based implicit CSI feedback, dynamic beam switching shall be supported.  Above four alternatives can be studied.
Proposal 4: For hybrid of cell-specific beamformed RS and UE-specific RS, the implicit CSI feedback may include a CQI/RI/PMI based on UE-specific RS assuming certain MIMO transmission, and a CSI for refining the UE-specific RS beamforming based on cell-specific RS or on both cell- and UE-specific RSs.
Proposal 5: Study sensitivity of performance to the erroneous unquantized explicit CSI feedback.
Proposal 6: Explicit feedback can be considered for long-term/wideband CSI in conjunction with implicit feedback for short-term/subband CSI.
Proposal 7: Support of quantized explicit feedback for long-term channel statistics can be considered.
Proposal 8: Study various interference reporting schemes in conjunction with reciprocity based spatial multiplexing.
Proposal 9: Feasibility of “self-contained” CSI feedback should be studied.  
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