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1 [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Introduction 
In RAN1#97 meeting [1], the Type II CSI overhead reduction (compression) scheme was agreed as follows:
· For RI=1, On SCI (RI>1) and FD basis subset selection indicator, support Alt B described in the following table.
· FFS: details on bitwidth and possible values for Minitial  reporting in UCI part 2
· FFS: whether the possible value(s) for Minitial  can depend on configured FD compression parameters
· 



Index remapping: For layer i, the index mi of each nonzero LC coefficient   is remapped with respect to  to  such that . 
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]This contribution is focused on CSI overhead reduction.
2 On the Bitwidth for Minitial
It has been agreed for window-based FD basis subset selection that the window starting index Minitial is reported in UCI part 2. The parameter N3’ for the window length is higher layer configured, which is layer common. Moreover, the per-layer strongest coefficients are index remapped to index zero of frequency basis in each layer. Considering the FD basis subset window should cover the strong coefficient in each layer at least, the possible values of starting index Minitial for the FD basis subset window has only a number of N3’ candidates. Thus, the bitwidth of Mintial in UCI part 2 should be .
Proposal 1: The bitwith of starting index Minitial in UCI part 2 should be , at least for RI>1.
According to previous agreement, for SCI reporting, index remapping is supported to the cases RI>1, which is to align SCI such that the associated FD basis has an index zero. However, for the case RI=1, the index remapping is not used for SCI. Thus, index remapping can be used to align the starting index Minitial with an index 0. Or equivalently, if index remapping cannot be used, differential index reporting can be used, where the index of the selected FD basis  other than Mintial can be reported by the differential index value .
Proposal 2: The bitwith of starting index Minitial in UCI part 2 should be zero for RI=1.
3 CSI Omission Rules
It happens that the CSI report payload size is larger than what can be provided by the allocated PUSCH resources. Then in that case, CSI omission rules are applied such that some parts of CSI report are omitted to satisfy the PUSCH resources constraint. In NR Rel-15 Type II CSI reporting, CSI omission rules are based on the prioritization level of CSI reporting subbands. However, in Rel-16, the frequency compression is used and the reported CSI contents are changed, and the subband based CSI omission rules are not applicable any more. Therefore, some new CSI omission rules are required.
To support the CSI omission for Rel-16 codebook, there are several possible schemes.  
3.1. CSI omission based on CSI distortion
In this scheme, CSI omission is applied with a target of minimizing the CSI distortion led by omitting some parts of UCI. Recall that the Rel-16 CSI codeword for a layer r is represented by layer-common SD bases, layer-specific FD bases, a number of layer-specific K nonzero coefficients’ amplitudes and phases, where K is the NNZC value reported in UCI part1. In the need of CSI omission, some layer-specific coefficients’ amplitudes and phases can be omitted. Particularly, the nonzero coefficients with smallest amplitudes can be considered to be omitted. Denote the set of nonzero coefficients which are kept to be reported after the CSI omission as  for layer r, and its size is =K’, meaning a number of K-K’ coefficients has to be omitted. To achieve the minimum CSI distortion, it is desirable to minimize the MSE of layer r due to the CSI omission with the following criteria,
Min 
s.t.  K’
where  is the CSI before CSI omission for layer r for all the subbands, and  is the index of the ith coefficient in the layer r such that  , ,  ,  is respectively the associated amplitude, phase, SD basis and FD basis with the coefficient. Considering SD bases and FD bases are selected from orthogonal columns of DFT matrices, all the selected SD bases are orthogonal, and so are all the FD bases. Then the following observation can be made:
Observation 1: Considering SD bases and FD bases are selected as being orthogonal DFT vectors, the CSI MSE minimization for each layer is equivalent to select the K’ coefficients with the K’ largest amplitudes for each layer.
Based on this, when CSI omission is needed, some coefficients with smallest amplitudes in a layer can be omitted. And we have the following proposal:
Proposal 3: CSI omission is applied to each layer, where the coefficients with the first few largest amplitudes are reported, and the remaining coefficients are omitted.
For the omitted coefficients, the corresponding bits in the bitmap indicating the position of coefficients may be set to “0”, for indicating the gNB that there is an omitted coefficient.
3.2. CSI omission based on layer
CSI omission can also be based on the order of layers. When a higher-rank CSI is reported to the gNB, the gNB can decide whether to fall back to a lower-rank transmission or not, up to its need. Therefore, when CSI payload size is too large, CSI report can omit some information of its layers in order to fit the capacity of reporting resources.   A prioritization level can be pre-defined for the reported layers, e.g., layer 1>layer 2>layer 3>layer4. For example, when a rank-4 CSI report is indicated in UCI part1 and PUSCH resource is not enough, the CSI omission starts from omitting the layer 4 first, and if needed, the CSI omission can apply to layer 3 and layer 2 further. In the CSI omission, the coefficients’ amplitudes and phases related to the omitted layers are all omitted. 
Proposal 4: CSI omission is layer-based, and the coefficients’ amplitudes and phases of lower prioritization-level layers can be omitted.
Considering the gNB cannot know the per-layer NNZC, the last layer may omit only a portion of its coefficients to align the number of omitted coefficients to the value which can be derived based on the NNZC indicated in UCI part 1, e.g., a half of total NNZC are omitted.
3.3. CSI omission based on coefficient index
CSI omission can be based on the index of coefficient, or more exactly, the ordering of bit mapping in UCI part 2. All the coefficients’ amplitudes and phases are ordered in a predefined manner in UCI for the CSI reporting. For example, the coefficients may be ordered as layer-first, SD-basis second, and FD-basis third in the UCI part 2. Then, given a specific index ordering, the coefficients ordered in the last part of the UCI part 2 can be omitted.
This index-based CSI omission rule is simple. However, it may result in unpredictable CQI mismatch and CSI distortion, since the omitted coefficients may have quite strong amplitude, which is not pre-known and causes a large CSI distortion. To alleviate the CQI mismatch and CSI distortion, the coefficient index ordering in the UCI needs to be carefully designed. For one specific layer and a specific SD basis, it has been widely observed that the strongest coefficients are well concentrated in the first and last few of FD bases, or namely edge FD bases. Therefore, in the coefficient index ordering, it is better to ensure that for one specific layer and specific SD basis, the coefficients corresponding to the non-edge FD bases are mapped in the last part of UCI part 2, such that these UCI bits are first to be omitted than those of the coefficients corresponding to the egde FD bases. 
Proposal 5: CSI omission is index-based, and for a specific layer and a SD basis, the coefficients corresponding to the edge FD bases are mapped before those corresponding to the edge FD bases in UCI part 2.
4 CSI Reporting Subband Configuration 
In Rel-15, both continuous subbands and non-continous subbands can be supported in the Type II CSI reporting.  In Rel-16, Type II CSI codebook is based on frequency compression, where the length of FD bases are determined by the number of subbands and the value of R, which is less favourable to non-continous subbands. To guarantee the performance for Rel-16 CSI codebook, it is better to support only continuous subband configuration for the CSI reporting.
Proposal 6: Support only continuous subband configuration for Rel-16 Type II CSI reporting.
5 Conclusion
This contribution provided our proposals for CSI reporting in NR. And particularly, there are:
[bookmark: _GoBack]Proposal 1: The bitwith of starting index Minitial in UCI part 2 should be , at least for RI>1.
Proposal 2: The bitwith of starting index Minitial in UCI part 2 should be zero for RI=1.
Proposal 3: CSI omission is applied to each layer, where the coefficients with the first few largest amplitudes are reported, and the remaining coefficients are omitted.
Proposal 4: CSI omission is layer-based, and the coefficients’ amplitudes and phases of lower prioritization-level layers can be omitted.
Proposal 5: CSI omission is index-based, and for a specific layer and a SD basis, the coefficients corresponding to the edge FD bases are mapped before those corresponding to the edge FD bases in UCI part 2.
Proposal 6: Support only continuous subband configuration for Rel-16 Type II CSI reporting.
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