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Introduction
This contribution discusses the following remaining issues about Type II overhead reduction. 
· UCI design
· Codebook subset restriction (CBSR)
UCI Design
The two-part UCI can be extended to report the Rel. 16 Type II CSI overhead reduction based on FD compression. One of the main components to be reported is the number of non-zero (NZ) coefficients, about which the following agreement was made in RAN1 AH 1901 [1].
	Agreement
On basis/coefficient subset selection for the first layer, the following is supported:
· Common selection for all beams with size-K0 subset of 2LM reported 
· The value of K0 is configured via higher-layer signaling
· The number of reported non-zero coefficients can be smaller than or equal to K0
· FFS: Whether the value of M is configurable



According to the above agreement (highlighted text), the number of reported NZ coefficients (let us denote it by ) can be less or equal to the configured  value, i.e., . This is analogous to Rel. 15 UCI for Type II CSI reporting in which the number of NZ WB amplitude components can be less or equal to . In Rel. 15, the number NZ WB amplitude components is reported in part 1 of the two-part UCI. The same principle can be extended to report . In particular, the indication about  can be included in part 1 of the two-part UCI, and the indices of  NZ coefficients is included in part 2 of the two-part UCI. Note that  coefficients which are zero and  coefficients that are not reported can be jointly indicated via a bitmap. 
The remaining components of UCI part 1 and UCI part 2 can be the same as in Rel. 15. For instance, the remaining components of UCI part 1 comprises RI, CQI, and LI, and the remaining components of UCI part 2 comprises PMI, where the PMI comprises a first PMI (i1) and a second PMI (i2). The first PMI (i1) comprises the following components.
· Oversampling (rotation) factor : 2 bits for each 
·  to indicate SD orthogonal basis comprising  DFT beams
·  to indicate FD orthogonal basis comprising  DFT beams
· L SD beams (layer-common): indicated using  bits
· M FD beams (layer-common):indicated using  bits
· size-subset selection (layer-specific):  bits with  ones indicating reported NZ coefficients
· Strongest coefficient (layer-specific):  bits indicating the strongest coefficient out of  reported coefficients, and the strongest FD component. 
· The strongest coefficient = 1, hence its amplitude and phase are not reported.
The second PMI (i2) comprises indication about amplitude and phase of the remaining  NZ coefficients. Assuming Alt4S, as explained in [3], for coefficient quantization, the payload of amplitude and phase reporting is as follows, where  denotes the number of NZ coefficients of the strongest FD component.
· Amplitude:  bits, where
·  is number of bits for amplitude quantization of the NZ coefficients of the strongest FD component
·  is number of bits for amplitude quantization of the NZ coefficients of the remaining FD components
· Phase:  bits, where
·  is number of bits for phase quantization of the NZ coefficients of the strongest FD component
·  is number of bits for phase quantization of the NZ coefficients of the remaining FD components.

Proposal 1: The two-part UCI is extended, wherein 
· UCI part 1 includes  (where ) indicating the number of reported non-zero coefficients (remaining  coefficients are zero).
· UCI part 2 includes indication about size- subset.
The UCI part 2 also includes PMI comprising a first PMI (i1) and a second PMI (i2).
· The PMI (i1) comprises the following components.
· Oversampling (rotation) factor : 2 bits for each 
·  to indicate SD orthogonal basis comprising  DFT beams
·  to indicate FD orthogonal basis comprising  DFT beams
· L SD beams (layer-common): indicated using  bits
· M FD beams (layer-common):indicated using  bits
· size-subset selection (layer-specific):  bits with  ones indicating reported non-zero coefficients
· Strongest coefficient (layer-specific):  bits indicating the strongest coefficient out of  reported coefficients, and the strongest FD component.
· The strongest coefficient = 1, hence its amplitude and phase are not reported.
· The second PMI (i2) comprises the following components.
· Amplitude:  bits, where
·  is number of bits for amplitude quantization of the NZ coefficients of the strongest FD component
·  is number of bits for amplitude quantization of the NZ coefficients of the remaining FD components
· Phase:  bits, where
·  is number of bits for phase quantization of the NZ coefficients of the strongest FD component
·  is number of bits for phase quantization of the NZ coefficients of the remaining FD components.

Codebook Subset Restriction
1 
2 
In RAN1#95, the following agreement was made [2].
	Agreement
For Rel-16 NR, agree on Alt1 (DFT-based compression) in Table 1 of R1-1813002 as the adopted Type II rank 1-2 overhead reduction (compression) scheme as formulated in Alt1.1 of R1-1813002
· Note: The same DFT-based compression scheme is extended for Type II port selection codebook
· Codebook subset restriction (CBSR) is supported when DFT-based compression is utilized for Type II codebooks with overhead reduction (compression) scheme
· FFS: detailed signaling mechanism 
· Note: Additional compression scheme(s) are not precluded  



According to the highlighted text, CBSR is supported for the Type II overhead reduction based on FD compression. In Rel. 15 CBSR is supported to restrict SD beams. The same mechanism can be used to restrict SD beams in Type II CSI overhead reduction. Now, the need for CBSR to restrict FD beams (components) is unclear, and require more study. While the technical motivation to restrict SD beams (which is to minimize interference in certain spatial directions) is well-understood in RAN1, there is no clear motivation to restrict FD beams (components). In particular, restricting FD beams may results in large performance loss if a few strong FD beams/components are prohibited/restricted (hence can’t be used) for FD compression. Unless some use cases or/and technical motivation is justified, CBSR to restrict FD beams needs more study/discussion in RAN1.  

[bookmark: _Ref446598642]Proposal 2: Support the following for CBSR for Type II CSI overhead reduction in Rel. 16.
· For SD beams, reuse Rel. 15 CBSR mechanism for Type II CSI reporting.
· For FD beams/components, study whether CBSR is necessary.
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Conclusions
In this contribution, some of the remaining issues of the Type II overhead reduction is discussed. The proposals made are summarized as follows. 
Proposal 1: The two-part UCI is extended, wherein 
· UCI part 1 includes  (where ) indicating the number of reported non-zero coefficients (remaining  coefficients are zero).
· UCI part 2 includes indication about size- subset.
The UCI part 2 also includes PMI comprising a first PMI (i1) and a second PMI (i2).
· The PMI (i1) comprises the following components.
· Oversampling (rotation) factor : 2 bits for each 
·  to indicate SD orthogonal basis comprising  DFT beams
·  to indicate FD orthogonal basis comprising  DFT beams
· L SD beams (layer-common): indicated using  bits
· M FD beams (layer-common):indicated using  bits
· size-subset selection (layer-specific):  bits with  ones indicating reported non-zero coefficients
· Strongest coefficient (layer-specific):  bits indicating the strongest coefficient out of  reported coefficients, and the strongest FD component.
· The strongest coefficient = 1, hence its amplitude and phase are not reported.
· The second PMI (i2) comprises the following components.
· Amplitude:  bits, where
·  is number of bits for amplitude quantization of the NZ coefficients of the strongest FD component
·  is number of bits for amplitude quantization of the NZ coefficients of the remaining FD components
· Phase:  bits, where
·  is number of bits for phase quantization of the NZ coefficients of the strongest FD component
·  is number of bits for phase quantization of the NZ coefficients of the remaining FD components.
Proposal 2: Support the following for CBSR for Type II CSI overhead reduction in Rel. 16.
· For SD beams, reuse Rel. 15 CBSR mechanism for Type II CSI reporting.
· For FD beams/components, study whether CBSR is necessary.
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