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Introduction
In RAN1#95, the following agreement was made [1].
	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  


This contribution discusses codebook subset restriction (CBSR) for the DFT-based compressed Type II CSI codebook. 
Codebook Subset Restriction
1 
2 
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. 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 result 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. 
Now, the following agreement was made regarding the quantization scheme [2].
	Agreement
On LCC quantization, agree on Alt2 (differential per polarization) per the description in R1-1902304


According to agreed quantization scheme, the amplitude  is a product  where  is a reference amplitude and  is a differential amplitude. In Rel. 15, a 2-bit amplitude restriction is used to restrict the maximum allowed value of the WB amplitude (which upper bounds the overall amplitude). The same 2-bit amplitude restriction can be used in Type II CSI overhead reduction. In particular, the 2-bit amplitude restriction can be according to one of the following alternatives.
· Alt0: restrict only reference amplitude
· Alt1: restrict only differential amplitude
· Alt2: restrict both differential and reference amplitudes
· Alt3: restrict overall amplitude 
Comparing these alternatives, Alt0 is not valid since it can only restrict amplitudes corresponding to one (“weaker polarization”) of the two antenna polarizations (since reference amplitude = 1 for the polarization of the strongest coefficient). Restricting both reference and differential amplitudes (Alt2) is unnecessary and over-design since the purpose of amplitude restriction is to restrict the maximum amplitude values, which can be done by restricting only differential amplitude (Alt1) or the overall amplitude (Alt3). Between Alt1 and Alt3, Alt3 is preferable in our view since it restricts the overall amplitude, not only one of its components (e.g. only differential in Alt1). Also, there is another issue with Alt3 which is that the differential amplitude restriction has to consider the worst case, which is when the reference amplitude equals 1. When the reference amplitude < 1, it is obvious that the overall amplitude will always be less than the maximum allowed value due to the multiplication with the reference amplitude. This will result in some performance loss.   
[bookmark: _Ref446598642]Proposal: 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.
· For amplitude restriction, reuse Rel. 15 2-bit amplitude restriction to restrict the overall amplitude 

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: 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.
· For amplitude restriction, reuse Rel. 15 2-bit amplitude restriction to restrict the overall amplitude 
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