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1 [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Introduction 
In RAN1#95 meeting [1], the Type II rank 1-2 CSI overhead reduction (compression) scheme was agreed as follows:
· Precoders for a layer is given by size-matrix 
·  #SD dimensions
·  #FD dimensions
· FFS value and unit of 
· Precoder normalization: the precoding matrix for given rank and unit of  is normalized to norm 1/sqrt(rank) 
Regarding to the CSI reporting band, the following are to down select for precoder/PMI FD compression unit 
· Alt1. Subband (SB), wherein the SB size for precoder/PMI compression is the same as the CQI subband size
· Alt2. X resource blocks (RBs), different from CQI subband size. Three sub-alternatives 
· Alt2.1 X = 1
· Alt2.2 X = CQI SB size / R where R>1 is a predetermined integer 
· Only one R value is supported. FFS: the value of R
· Alt2.3 X = {2, 4} where X is higher-layer configured 
Regarding to the FD-compression vector, the following are to down select for basis subset selection for each layer
· Alt1A. Common selection for all the 2L beams, wherein M coefficients are reported for each beam
· 
·   is composed of  linear combination coefficients
· The value of  (applied to all 2L beams) is higher-layer configured and the M basis vectors are dynamically selected (hence reported with CSI)
· Alt1B. Common selection for all the 2L beams, but only a size-  subset of coefficients are reported (not reported coefficients are treated as zero) 
· 
·   is composed of linear combination (LC) coefficients, but  of its coefficients are zero
· The value of  (applied to all 2L beams) is higher-layer configured and the M basis vectors are dynamically selected (hence reported with CSI)
· For evaluation, companies should state their assumption on the selection of  LC coefficients (applied to all 2L beams), e.g.
· The value of  is fixed or higher-layer configured, and the  LC coefficients are dynamically selected by the UE (hence reported with CSI), or
· The  LC coefficients and its size are dynamically selected by the UE (hence reported with CSI) 
· Alt2. Independent selection for all the 2L beams, wherein  coefficients are reported for the i-th beam (i=0, 1, …, 2L-1)
· , where , i.e.  frequency-domain components (per beam) are selected 
·   is composed of  linear combination coefficients
· The value of  (applied to all 2L beams) is higher-layer configured
· For evaluation, companies should state their assumption on size- basis subset selection (applied to the i-th beam), e.g. for i=0, 1, …, 2L-1
· The size- subset and the value of  are dynamically selected by the UE (hence reported with CSI) 
· The size- subset is dynamically selected by the UE (hence reported with CSI), but the value of  is determined by a predefined rule in specification
· The size- subset is dynamically selected by the UE (hence reported with CSI), but the value of  is higher-layer configured
· The size- subset can be chosen either from the fixed basis set or from a beam-common UE-selected intermediate subset of the fixed basis set
Regarding to the FD-oversampling vector, the following are to down select for DFT basis oversampling factor(s) O3:
· Alt1. O3 = 4
· Alt2. O3 = 1 (critically sampled)
· Alt3. O3 is fixed for and depends on a given length of the DFT vector (N3) and/or bandwidth part, exact dependence is FFS
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]This contribution is focused on CSI overhead reduction.
2 Basis Subset Selection for FD-compression Vector 
There are two basis subset selection schemes for FD-compression vectors. The first scheme, i.e., Alt1A and Alt1B, is all the 2L SD-compression vectors sharing the same set of M FD-compression vectors, and the associated K=2LM or  gains are reported. In this scheme, the set of FD-vectors are not selected per beam. The second scheme, i.e., Alt2 is a subset of  FD-compression vectors is reported for the ith beam, and the associated  gains are reported. In the second scheme, the FD-compression vectors are dynamic chosen for each beam and indicated to the gNB. One of the overhead of the second scheme is mainly led by repeatedly selecting a same FD-vector for different beams. 
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Figure 1 Four beams and two delays
Generally as we know, the frequency-domain information and spatial domain information are not dependent with each other. As shown in the following figure, there are two delay contours, where the scatters in the channel if located on the same contour result in the same channel delay in the CSI. There are four beams/paths shown in the figure, which can correpsond to 4 SD-compression vectors. However, there only two resolvable delays, which can correspond to 2 FD-compressions vectors. If the basis subset selection per beam is supported, it means the 2 FD-compression vectors are reported twice which results in unnessary overehead, since the FD-compression vectors are needed to report for each beam. In contrast, the first scheme only report the 2 FD-compression vectors once, which saves the overhead.
Proposal 1: Support Alt1A or Alt1B for the basis subset selection of FD-compression vector. 
3 CSI reporting band
As agreed in RAN1-95, the CSI reporting bands are to be down selected between subband based or RB based scheme. In NR Rel.15, a subband and subband size is defined, and the CSI reporting is performed with a frequency unit of a subband. The CSI reporting in Rel.16 should be based on the work of Rel.15, subband based CSI reporting is consistent to NR Rel.15 approach. Basically, the FD-compression vectors are used to interpolate the full frequency channel response. Considering the FD-compression vectors are already limited as DFT-vectors, the using of RB based scheme may not improve the interpolation performance too much. Therefore, we propose 
Proposal 2: Support Alt1, i.e., the subband as the FD compression unit. 
4 FD-compression oversampling for CSI reporting band
It was to down select one of the following alternatives for DFT basis oversampling factor(s) O3:
· Alt1. O3 = 4
· Alt2. O3 = 1 (critically sampled)
· Alt3. O3 is fixed for and depends on a given length of the DFT vector (N3) and/or bandwidth part, exact dependence is FFS
However, the CSI overhead is observed huge only when a larger number of CSI reporting subbands are configured to be reported. That is, the value of  is typically large when CSI overhead reduction is needed. It is not desirable to support a small value of  for at least two reasons:1) the CSI reporting overhead may be not an issue; 2) the time-domain estimation (which is important for FD-compression) may be not good enough due to a CSI measurement on a limited frequency range. When considering for a large value of , e.g., >12, the FD-compression vector can already provide good resolution for frequency domain or delay in time domain. Therefore, oversampling is not needed.
Proposal 3: Support Alt2, O3 = 1, for the FD-compression vector sampling.
5 Conclusion
This contribution provided our proposals for CSI reporting in NR. And particularly, there are:
Proposal 1: Support Alt1A or Alt1B for the basis subset selection.
Proposal 2: Support Alt1, i.e., the subband, as the FD compression unit.
Proposal 3: Support Alt2, O3 = 1, for the FD-compression vector sampling.
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