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[bookmark: _Ref494215420]Introduction
Down selection of the alternatives for each UCI parameter has been finished in RAN1#97 [1], some remaining issues will be decided in this meeting. Based on FL guidance, CSI omission and CBSR will be discussed for the first time. 
In this contribution, we first discuss some of the remaining issues on UCI parameters for Rel-16 Type II CSI, then we give our solutions for CSI omission and CBSR.

Discussion UCI design for Rel-16 Type II CSI
Remaining details on values of Minitial
During the last meeting, the feedback schemes for each UCI parameters have been decided. Regarding the FD basis subset selection, one of the FFS points is the details on bitwidth and possible values of Minitial. The corresponding agreement is listed below,
	Agreement
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
· Up to the editor to capture this agreement

	
	Alt B

	SCI for RI>1
	



Alt3.4: Per-layer SCI, where SCIi is a –bit (i=0,1,…(RI - 1)). The location (index) of the strongest LC coefficient for layer i before index remapping is , , and  is not reported

	Index remapping
	










[bookmark: MTBlankEqn]For layer i, the index mi of each nonzero LC coefficient   is remapped with respect to  to  such that . The FD basis index  associated to each nonzero LC coefficient  is remapped with respect to  to  such that . The sets  and  are reported.
Informative note (for the purpose of reference procedure):




The index  of nonzero LC coefficients is remapped as . The codebook index associated with nonzero LC coefficient index  is remapped as . 

	Combinatorial indicator for N3 ≤ 19
	
 bits 

	Combinatorial indicator for N3 > 19
	
 bits 

	Minitial
	Reported in UCI part 2, details on bitwidth and possible values are FFS






For the intermediate set containing  FD bases, there’re totally  candidate locations within the whole FD basis set since one of the FD bases should be fixed to be index 0. For example, if the intermediate set contains 6 FD bases, there will be 6 candidate locations for the intermediate set, as shown in Figure 2.1, where each green block is the selected FD basis.  Therefore, the number of possible values for Minitial should also be , and Minitial can be indicated by  bits.
Proposal 1: Minitial is indicated by  bits.


Figure 2.1 Candidate locations for FD basis subset

Remaining details on “1” restriction for RI=3-4 bitmap
There’s a case that all the LC coefficients for a polarization are “zero”. In order to deal with this case, several companies proposed that the bitmap should have at least one entry of “1” for each polarization. The conclusion was to make the final decision in this meeting, 
	Agreement
In RAN1#98, decide if the specification will restrict the UE from reporting all “zero” in the bitmap for a polarization for each layer 



Based on current UCI design, if all the LC coefficients for a polarization are “zero”,
· For FD basis subset selection, the bitmap will have at least LM adjacent “zeros”, but the bitmap design still works
· For reference amplitude for weaker polarization, it has been agreed to be “non-zero”
· For the other amplitudes for weaker polarization, they should not be reported
Although the reference amplitude for weaker polarization maybe useless in this case, we don’t see any big problem to keep it. 
On the other hand, if we decide to restrict the UE from reporting all “zero” in the bitmap for a polarization, which bit in the bitmap should be “1” is unclear. How does gNB interprets this “1” value should also be defined.
Therefore, the restriction is not necessary and will complicate the UCI design. 
Proposal 2: There’s no need to restrict the UE from reporting all “zero” in the bitmap for a polarization for each layer.

CSI omission
In Rel-15, CSI omission is defined for the case when the allocated resource cannot convey the whole CSI reports. Each CSI report can be divided into two parts, and CSI part 2 can be further divided into three group: CSI for wideband, CSI for even subbands and CSI for odd subbands. UE will drop CSI for odd subbands, and then CSI for even subbands, if needed. For Rel-16 Type II codebook, subband information is compressed to reduce feedback overhead. Therefore, the Rel-15 CSI omission rule cannot be reused for Rel-16 Type II codebook.
CSI omission is considered when comparing the total payload of CSI reports with allocated PUSCH resource, which means the CSI calculation has finished. From UE implementation point of view, when UE is triggered aperiodic CSI reports, UE may not have enough time to do CSI recalculation according to the configured CSI reporting offset. Therefore, CSI recalculation should be avoided.
Proposal 3: CSI recalculation should not be required for CSI omission procedure.
[bookmark: _GoBack]During the last meeting, layer-based CSI omission was proposed by [2] to ensure at least some complete layers would be reported. However, there’s an issue regarding layer-based CSI omission. In order to recover the precoder for the reported layers, the total number of information bits for the reported layers should be determined by gNB before decoding CSI part 2. Since the number of information bits for each layer can be different, further design is needed which may complicate CSI reporting scheme. 
Based on the analysis above, a simple CSI omission rule can be considered by dropping weaker NZ coefficients. Similar as Rel-15 Type II PMI, Rel-16 Type II PMI parameters can also be divided into multiple groups. UE may drop one or more groups if CSI omission is needed. The first group includes SD basis subset with oversampling factors, FD basis subset for each layer, strongest coefficient indicator for each layer, and bitmap for each layer. The second group includes stronger NZ coefficients for each layer, and the third group includes weaker NZ coefficients for each layer. 
Proposal 4: Support UCI omission for Rel-16 Type II codebook by dropping weaker NZ coefficients.

Codebook subset restriction



Codebook subset restriction can be used to control the interference of certain spatial directions. For Rel-15 Type II codebook, CBSR is indicated by a bit sequence, where sequence  is used to indicate 4 groups of restricted spatial beams, and sequence  is used to indicate the maximum wideband amplitude for each restricted spatial beam.
For Rel-16 Type II codebook, it was agreed to support CBSR in RAN1#95. Based on the proposals from several companies in last few meetings, two CBSR methods can be identified. The first method is to restrict only spatial beams, and the second method is to restrict both spatial beams and FD bases. In our view, within one spatial beam, different FD bases corresponding to different channel paths. Although each path may has different angles, they should be quite similar within the angle range of the spatial beam. Therefore, spatial beam restriction should be enough for CBSR.
Regarding the amplitude restriction for Rel-16 Type II codebook, since the DFT procedure doesn’t change the wideband power, the power of each spatial beam can be represented by the sum powers of all FD bases. Therefore, amplitude restriction can be achieved by scaling the amplitudes of all FD bases corresponding to each spatial beam. 
Based on the analysis above, it can be observed that CBSR method for Rel-15 Type II codebook can be reused without any enhancement. The existed table of maximum allowed amplitude coefficients for restricted vectors for Rel-15 Type II codebook can also be reused.
Proposal 5: For Rel-16 Type II codebook subset restriction, reuse CBSR method specified for Rel-15 Type II codebook.

Conclusion
In this contribution, we discussed the UCI feedback content on Type II CSI overhead reduction. Based on the discussion, we have the following observation and proposals:
Proposal 1: Minitial is indicated by  bits.
Proposal 2: There’s no need to restrict the UE from reporting all “zero” in the bitmap for a polarization for each layer.
Proposal 3: CSI recalculation should not be required for CSI omission procedure.
Proposal 4: Support UCI omission for Rel-16 Type II codebook by dropping weaker NZ coefficients.
Proposal 5: For Rel-16 Type II codebook subset restriction, reuse CBSR method specified for Rel-15 Type II codebook.
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