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1. [bookmark: _GoBack]Introduction
In RAN1 NR Adhoc meeting, agreements on CSI feedback Type II were captured in Chairman’s note as follows:
Agreements:
· The following two categories of Type II CSI are considered:
· Category 1: Precoder feedback
· Category 2: Covariance matrix feedback
· Category 3: Hybrid CSI feedback i.e. Type II CSI codebook can be used in conjunction with LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook)
· For Category 1, study the following candidates. 
· Scheme 1-1:
· Support dual-stage W = W1W2 codebook for Type II codebook for single-panel
· For W1: orthogonal basis based on, e.g. DFT beams
· Freely select  beams out of the group ( is configurable)
· FFS: down selection of L 
· Beam selection is wideband
· For W2: L beams are combined in W2 independently per layer with common W1
· Subband reporting of phase quantization 
· FFS: alphabet size for phase quantization 
· Beam amplitude scaling can be wideband or subband reporting
· With subband reporting, independent amplitude on different polarizations and layers
· FFS: different wideband amplitude on different polarizations and/or layers
· FFS: either configurability or down selection between wideband or subband
· FFS: the number of bits for quantization 
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·  diagonal matrix with diagonal elements in [0,1] which correspond to amplitudes of L coefficients for polarization r and layer l  
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· Further refinement on details can be done
· Scheme 1-2: similar to Scheme 1-1 except for
·  diagonal matrix with diagonal elements in [0,1] which correspond to amplitudes of L coefficients for port group r and layer l  
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· Further refinement on details can be done
· Scheme 1-3: similar to Scheme 1-1 except for 
· W1 consists of orthogonal DFT beams
[image: ]
· W2
· Beams are combined on subband
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· Same or different number of quantization bits for 
· Scheme 1-4: similar to Scheme 1-1 except for
· W1 consists of non-orthogonal DFT beams
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· W2
· Beams are combined on subband
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· Scheme 1-5: similar to Scheme 1-1 except for
· W1 consists of orthogonal DFT beams selected from configured beam groups
· W2: L beams are combined in W2 with common W1
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· Other candidates are not precluded
· For Category 2, study the following candidates:
· Scheme 2-1: UE feedbacks the best M orthogonal DFT basis vectors along with corresponding covariance matrix entities
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· Scheme 2-2: Use the same codebook as Category 1 to quantize M (≥1) dominant eigenvectors of the (sample) covariance matrix 
· Other candidates are not precluded
· For Category 3, study the following candidates:
· W1: Long term CSI W1 can be acquired by the following approaches
· W1 codebook in Category 1 e.g orthogonal DFT beams selected from configured beam groups
· Beam selection based on beamformed CSI-RS (e.g. DFT beams based)
· Channel reciprocity
· NOTE that RSRP-like report may be used instead of CQI
· Some restrictions should be considered in Beam/Beam group based feedback
· E.g. To avoid two or more selected DFT beams corresponding to one path, the direction difference should be sufficient for any two selected beams.
· Other restriction is not precluded
· FFS:  Criteria for beam selection
· Both CQI and RSRP-like reporting should be studied.
· FFS : How to determine the number of reported beams 
· Both Configured by gNB and determined by UE can be considered
· W2:  Full CSI feedback based on beamformed CSI-RS and ports selection/combination codebook (Class-B-like codebook). (NOTE: W1 and W2 are derived from different set of CSI-RS resources)

Agreements:
· Support at least one scheme taken from Category 1, 2, and/or 3 for Type II CSI
· Possible down selection can be performed throughout Phase I WI
· If more than one schemes is supported, these schemes should be complementary
· This includes further refinement within each category
· Note: other schemes within each category are not precluded
· Descriptions for Category 1 and 2 are given in the following slides
· For the purpose of summary in TR38.802
· Category 1: precoder feedback based on linear combination codebook
· Dual-stage W = W1W2 codebook 
· W1 consists of a set of L orthogonal beams, e.g. 2D DFT beams
· The set of L beams is selected out of a basis, e.g. oversampled 2D DFT beams
· Beam selection is wideband
· W2: L beams are combined in W2 with common W1
· Subband reporting of phase quantization of beam combining coefficients
· Beam amplitude scaling quantization can be configured for wideband or subband reporting
· Category 2: covariance matrix feedback
· A quantized/compressed version of covariance matrix is reported by the UE
· Quantization/compression is based on a set of M orthogonal basis vectors
· Reporting can include indicators of the M basis vectors along with a set of coefficients
· FFS: basis set 
· Category 3: Hybrid CSI feedback 
· Type II Category 1 or 2 CSI codebook can be used in conjunction with LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook)
· The LTE-Class-B-type-like CSI feedback can be based on either Type I or Type II CSI codebook
In this contribution, we discuss CSI feedback type II for NR MIMO.

Discussion on CSI feedback Type II for NR
In NR MIMO, the availability of accurate CSI to guarantee enhanced MU performance becomes a main driver for discussion of Type II feedback. Compared to Type I feedback, main merit of Type II feedback is the point that inter-user interference can be reflected in case of MU-MIMO. In LTE, a set of implicit CSI is basically determined based on one interference hypothesis, and thus UE calculates CSI with no MU interference hypothesis, i.e., SU-MIMO assumption. When TRP wants to conduct MU-MIMO, a transformation of CSI from the CSI computed by SU-MIMO assumption to MU-MIMO case is needed. It may lead to inaccuracy of CSI, especially when the number of paired UEs increases. On the other hand, TRP can estimate channel quality according to different MU interference hypothesis by utilizing pure MIMO channel information in case of Type II CSI feedback.  
In last meeting, RAN1 lists up three categories for Type II CSI feedback. Category 1 is precoder feedback based on linear combination codebook. In Rel-14 eFD-MIMO, it has been verified the potential benefit of Type II CSI feedback in the context of MU-MIMO enhancement. Especially, the linear combining (LC) codebook with the orthogonal basis in W1 is considered to provide high resolution channel information. In this LC codebook, three factors needs to be considered, i.e., 1) number of combined beam L, 2) combining coefficients (power and phase), 3) number of supported layers. 
Regarding 1), larger number of L can provides more degrees of freedom for beam combining at the expense of increased feedback bits for both W1 and W2. Note that it is more critical for W2, since the number of combining coefficient phase and/or power is linearly increasing. Thus, in our view, L should not be larger than 4. Regrading 2), several contributions during the eFD-MIMO provide that performance degradation of the wideband-wise power combining is tolerable compared to subband-wise power combining. In order to reduce the W2 feedback payload, wideband power combining and subband phase combining are preferred. Lastly, regarding 3), to ensure the channel accuracy of each layer, each layer is independently encoded with LC codebook. Therefore, resulting W2 payload size increases linearly as the support number of layer grows. For these reasons, efficient W2 design and/or feedback mechanism should be accompanied if higher rank LC codebook is supported.

Proposal 1. If Category 1 is supported, following design constraints need to be considered.
· L should not be larger than 4.
· Wideband power combining and subband phase combining.
· Efficient W2 design and/or feedback mechanism, if rank>2 is supported.

In the Category 2, covariance matrix feedback is considered for Type II CSI feedback. In this category, dimension reduction methods for lowering the payload size of channel covariance feedback are required especially for the larger number of antenna ports. However, such dimension reduction technique inevitably brings the notable performance loss, and this trade-off between performance and payload size becomes severe when the number of Tx antenna ports is large. For this reason, limiting the number of port supported by Category 2 based Type II feedback can be considered. In addition, wideband only feedback with Category 2 is preferred. 
Proposal 2. If Category 2 is supported, consider limiting supported maximum number of CSI-RS antenna ports in a single instance reporting.

In eFD-MIMO, hybrid CSI feedback is an important feature, since it provides performance benefit by efficiently reducing the system overhead. In this context, Category 3 can also be a good candidate for CSI feedback Type II. In Category 3, more accurate CSI can be acquired based on either Category 1 or 2 in long-term manner, and short-term port-selection or full-CSI feedback can be carried out similar to LTE Class B. To support Category 3, we need to first decide which category (category 1 or 2) for Type II CSI feedback is supported in NR. Thus, RAN1 should carefully decide Type II CSI feedback between Category 1 and 2 by comparing the performance benefits as well as feedback overhead. 

Frequency granularity for both Type I and II CSI feedback
In RAN1#87, three different frequency granularities for CSI reporting were agreed to be considered. In our view, beam reporting, e.g. CRI, port index, and RSRP(s) for selected port(s), should be included as a wideband CSI reporting. A beam can be interpreted as an analog beam in general which is typically generated by controlling phase shifters of each antenna elements. These phase shifters are not typically separately installed per different part of bands so that a beam should be commonly applicable for any part of wideband. CSI reporting granularity can be understood either from measurement perspective or from feedback information usage perspective. For the former case, wideband RS should be transmitted for beam management. For the latter case, RS for beam management does not necessarily to be wideband RS but the usage of the feedback information such as best beam index(es) and beam RSRP can be applicable to any part of band. Regardless of adopting any of the two interpretations, it is quite obvious that beam reporting belongs to a wideband CSI reporting. 
When the band with different numerologies is semi-statically multiplexed in different parts of bands within the wideband, channel and interference condition can be different per numerology/service. Another example is when multiple scheduling time units are applied to different parts of band, e.g. shorter symbol frame structure being applied to certain part of band for URLLC with the same numerology. In these cases, CSI measured in different parts of band should belong to partial band CSI reporting. Especially when we consider partial band CSI-RS, where the size and location of CSI-RS band is configurable, PMI/RI/CQI can be reported for link adaptation when the configured band is used for the UE. 
With respect to subband CSI reporting, subband CQI and subband PMI can be considered for frequency selective scheduling and subband precoding, respectively, as in LTE. RI could be common for wideband or partial band. 
Proposal 3: Consider following feedback information for the three frequency granularities at least.
- Wideband CSI: beam reporting, CSI reporting for single numerology/scheduling time unit
- Partial band CSI: numerology/scheduling time unit dependent CSI reporting, CSI reporting associated with partial band CSI-RS
- Subband CSI: subband PMI and subband CQI 

Conclusion
This contribution discussed CSI feedback for NR MIMO. Following observations and proposals are given, based on the discussion:
Proposal 1. If Category 1 is supported, following design constraints need to be considered.
· L should not be larger than 4.
· Wideband power combining and subband phase combining.
· Efficient W2 design and/or feedback mechanism, if rank>2 is supported.
Proposal 2. If Category 2 is supported, consider limiting supported maximum number of CSI-RS antenna ports in a single instance reporting.
Proposal 3: Consider following feedback information for the three frequency granularities at least.
- Wideband CSI: beam reporting, CSI reporting for single numerology/scheduling time unit
- Partial band CSI: numerology/scheduling time unit dependent CSI reporting, CSI reporting associated with partial band CSI-RS
- Subband CSI: subband PMI and subband CQI 
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•   phase combining coefficients   –   For rank 1:     ,    –   For rank 2:     •     ;    ,    –     is a 2D DFT beam where   –     –     –     corresponds to the nu mber of CSI - RS ports   
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•     beam amplitude scaling factor for beam    and on polarization r and layer    (diagonal elements of P)   •   F FS if  = (common amplitude on layers), or  = (c ommon amplitude  on polarization)   •     beam combining coefficient (phase) for beam    and on polarization  r  and layer     
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•   phase combining coefficients   –   For rank 1:     
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  •     ;  ,2, 3 ,    –     is a 2D DFT beam where   –     –     –   N 1 =2M 1 , N 2 = M 2   or   N 1 = M 1 , N 2 = 2 M 2   –     corresponds to the number of CSI - RS ports   
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•     beam amplitude scaling factor for beam    and on  port group   r and layer    (diagonal  elements of P)   •   FFS if  = (common amplitude on layers), or  = (common amplitude on  port group )   •     beam combining coefficient (phase) for beam    and on  port   group   r  and layer      
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•     •     is a 2D DFT beam where   •     •     •   Rotation factors    commo n for all beams in   
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•   For layer  ,  ,  ,2,….  
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•     and   
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•     •   is a 2D DFT beam and  , where    and reported on  wideband  
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•   For layer  ,  ,  ,2,….   •     and    •   Same or different number of quantization bits for   
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•   Co efficients for all layers and beams are designed jointly to achieve inter - layer  orthogonality, i.e., for L beams (beam 0  –   beam L - 1), R layers (layer 1  –   layer R)  and two pols (pol 0  –   pol 1)   ,   
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•   UE selects best    from  the specified  NR Type I, and then find the remaining  vec tors  to construct  U   matrix accordingly which fulfils  U H U   =  I,  .    •   UE feedbacks best  M   indices and  A (π(1: M ), π(1: M )) values where  A=U H CovU   and  Cov   is wideband covariance matrix.   
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