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In RAN1 AH 1901 [1], many issues on Type II CSI overhead reduction have been discussed, and many agreements have been achieved.
In this contribution, we continue discussing some remaining issues on Type II CSI overhead reduction.  
Feedback content design of Rel-16 Type II CSI
During the last meeting, RAN1 has adopted a common selection of the frequency domain basis subset for all spatial beams within each layer, and the value of K0 can be smaller than 2LM. The corresponding agreement can be found below, 
	Agreement in RAN AH1901
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



Based on the agreement, comparing with independent basis subset selection, only a single basis subset is reported at least for each layer. For each spatial beam, the size of valid basis subset can be very small, while for different spatial beam, the valid basis subset selection would be different. Where the valid basis subset contains only the basis vectors with non-zero coefficients. Therefore, the combination coefficient matrix will contain multiple zero coefficients.
On the reporting of coefficient matrix, the corresponding agreement is listed below, 
	Agreement in RAN1 AH1901
On basis/coefficient subset selection for the first layer, support the following: 
· Size-K0 subset design: down select in RAN1#96 from the following alternatives 
· Alt1. Unrestricted subset (size=2LM)
· Alt2. Polarization-common subset (size=LM)
· Alt3. Restricted subset (for a given subset of beams and FD basis, size=2L+M)
· 
The value of K0:   where two values of β are supported  
· 
Down select in RAN1#96 from  
· The UCI consists of two parts: 
· Information pertaining to the number(s) of non-zero coefficients is reported in UCI part 1
· Note: This does not imply whether this information consists of single or multiple values 
· The payload of UCI part 1 remains the same for different RI value(s)
· Bitmap is used to indicate non-zero coefficient indices


The combination coefficient matrix for each layer is composed of M values for each of 2L spatial beams. Similar like R15 Type II CSI, there will be Ml strong spatial beams and 2L-Ml weak spatial beams, 
· For the 2L-Ml weak spatial beams, the M coefficients corresponding to each of the spatial beams can be ignored or not reported. 
· For the Ml strong spatial beams, there will be some weak coefficients which don’t need to be reported. 
The combination coefficient matrix can be illustrated as Figure 2-1:
[image: ]
Figure 2-1 illustration of combination coefficient matrix
A simple way of indicating non-zero coefficient indices is to introduce a bitmap of length 2LM, where each bit corresponds to one spatial-frequency beam combination. However, according to the characteristics of the coefficient matrix, the length of the bitmap can be further reduced. 
For each of the 2L-Ml spatial beams with lower wideband amplitude, all of the M coefficients shall not be reported. Thus, we can introduce two bitmaps. The first bitmap of length 2L is used to indicate which spatial beams have lower wideband amplitude. The other bitmap of length Ml*M is used to indicate non-zero coefficient indices with strong spatial beams. The total length of these two bitmaps is 2L+Ml*M. With more weak spatial beams, more bits can be saved by this two-bitmap scheme.
Proposal 1: For indicating non-zero coefficient indices, two bitmaps can be considered,
· The first bitmap is used to indicate which spatial beams have lower wideband amplitude
· The second bitmap is used to indicate non-zero coefficient indices with strong spatial beams

During RAN1#95, there’s an agreement about quantizing the combination coefficients, several alternatives are listed below,
	Agreement in RAN1#95: 

For each layer, the following alternatives for quantizing each of the coefficients in  are to be studied for down selection in RAN1#96: 
· Alt1A. Rel.15 3-bit amplitude; Rel.15 QPSK and 8PSK co-phasing 
· Alt1B. Rel.15 3-bit amplitude; Rel.15 QPSK, Rel.15 8PSK, and new 16PSK co-phasing 
· Alt2A. Rel.15 3-bit wideband amplitude for each beam, 2/3-bit differential amplitude for FD coefficients; Rel.15 QPSK and 8PSK co-phasing 
· Alt2B. Rel.15 3-bit wideband amplitude for each beam, 2/3-bit differential amplitude for FD coefficients; Rel.15 QPSK, Rel.15 8PSK, and new 16PSK co-phasing
· Alt2C. Rel.15 3-bit wideband amplitude + Rel.15 QPSK and 8PSK wideband co-phasing for each beam, 2/3-bit differential amplitude and co-phasing for FD coefficients;
· Alt3. A-bit amplitude for each of 2L beams, B-bit amplitude for each of M FD components, 1-bit differential amplitude and 8PSK co-phasing for each of the 2LM FD coefficients
· Alt4. For each beam, 
· B0-bit amplitude and C0-bit phase for coefficients for the P0 strongest coefficients, 
· B1-bit amplitude and C1-bit phase for coefficients for the P1 2nd strongest coefficients, …
· …
· BQ-1-bit amplitude and CQ-1-bit phase for coefficients for the PQ-1 Qth strongest coefficients
· Alternatively, amplitude/phase can be replaced with real/imaginary
· Alt5. Special case of Alt4: Q=2, B0=C0=3; B1=C1=2 on amplitude/phase



As we can see, for Alt1A, Alt1B, Alt4 and Alt5, the combination coefficients are reported independently. For Alt2A, Alt2B and Alt2C, the amplitude parameters are reported as wideband amplitude and differential amplitude for FD components. In order to fully taking advantage of differential approach, the number of valid FD components for each spatial beam should be large. However, from our evaluation and analysis, the number of valid FD components for each spatial beam is very small. For Alt3, we don’t see the benefit of splitting amplitude into amplitude of each beam, amplitude of each FD component and differential amplitude, and the feedback payload seems to be large.
From our perspective, Alt4 can be a good starting point. The idea of using more bits for strongest coefficients has already been adopted for subband amplitude feedback in R15 TypeII CSI feedback. The detailed values can be discussed after this principle is agreed.
Proposal 2: support Alt4 in principle. For each beam, 
· B0-bit amplitude and C0-bit phase for coefficients for the P0 strongest coefficients, 
· B1-bit amplitude and C1-bit phase for coefficients for the P1 2nd strongest coefficients, …
· …
· BQ-1-bit amplitude and CQ-1-bit phase for coefficients for the PQ-1 Qth strongest coefficients
· Alternatively, amplitude/phase can be replaced with real/imaginary

Conclusion
In this contribution, we discussed some remaining issues on Type II CSI overhead reduction. Based on the discussion, we have the following proposals:
Proposal 1: For indicating non-zero coefficient indices, two bitmaps can be considered,
· The first bitmap is used to indicate which spatial beams have lower wideband amplitude
· The second bitmap is used to indicate non-zero coefficient indices with strong spatial beams
Proposal 2: support Alt4 in principle. For each beam, 
· B0-bit amplitude and C0-bit phase for coefficients for the P0 strongest coefficients, 
· B1-bit amplitude and C1-bit phase for coefficients for the P1 2nd strongest coefficients, …
· …
· BQ-1-bit amplitude and CQ-1-bit phase for coefficients for the PQ-1 Qth strongest coefficients
· Alternatively, amplitude/phase can be replaced with real/imaginary
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