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1 [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Introduction 
In RAN1#96 meeting [1], the Type II rank 1-2 CSI overhead reduction (compression) scheme was agreed as follows:
· On the value of M (the number of FD compression units), agree on .
· On subset selection for RI=2, agree on the following
· SD basis selection (selection of L out of N1N2 SD DFT vectors) is layer-common
· Terms:
· “FD basis subset selection” refers to the selection of M out of N3 FD DFT vectors
· “Coefficient subset selection” refers to the selection of KNZ (# non-zero coefficients) out of 2LM where KNZ ≤ K0
· The size-K0 subset design for layer 0 is also applied to layer 1
· K0 is the maximum number of non-zero coefficients for each layer.
· For RI=2, the following is supported 
· Layer-independent FD basis subset selection 
· Layer-independent coefficient subset selection  
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
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]This contribution is focused on CSI overhead reduction.
2 Subset Restriction for FD-compression Vectors 
In NR Rel. 15, the CBSR is applied to spatial beams, which avoids unnecessary spatial directions due to the interference. Similarly, in Rel.16, CBSR for spatial beam should be considered as well, following the Rel.15 approach. As the type II CSI overhead reduction codebook also exploits frequency domain, it is further beneficial to consider frequency domain restrictions. There are several reasons for frequency domain restrictions which are listed below.
First, in NR CP-OFDM systems, cyclic prefix (CP) is used to cover channel taps of different delays. It means, by setting a proper CP, the channel delays fall typically within the length of CP. In other words, the target channel delays will not spread in the full time domain. In the Rel.16 design of CSI overhead reduction codebook, each of FD-compression vectors in the DFT matrix of dimension N3, is corresponding to a different channel delay, and all the FD-compression vectors span the full time domain. Considering the typical channel delays will not exceed the length of CP, not all the N3 FD-compression vectors are necessary to be used. 
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Figure 1 FD samplings for different delay value
One example of the weights/quantization gains using different FD vectors/basis of length N3 to sample a certain channel delay is shown in Figure 1, where N3 = 24. Note that the FD vector indices [0:N3O3-1] are normalized to the axis [0:1] in the figure, and the weights are normalized by the weight of perfect samplings for a better comparison. As shown in Figure 1, for the channel tap of zero delay, the first few FD vectors are possible to give significant weights, and because of limited resolution, the last few FD vectors are also able to give significant weights. Only these FD vectors with significant weights are valid candidates that can have chance to be reported. In NR, for the target maximum delay of the CP (T=144Tc), it is also the first few FD vectors that gives significant weights, while the last few FD vectors have much less impact. By observation, for both the channel taps of minimum delay and maximum delay, the FD vectors around 0.5 results in very trivial weights due to side-lopes, for which there should be no chance to be selected and reported. Since the typical CP in NR is less than 1/8, it is safe to restrict those FD vectors that has no chance to be reported. For example, we can consider to restrict a half of FD vectors among all the N3O3 indices, as shown by the red bar window.
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Figure 2 FD-CDM impact on time domain for different CSI ports
Second, different CSI-RS ports may be FD-CDMed on the same set of REs. In frequency domain, the code [+1, +1] and [+1,-1] are used to the CSI-RS ports. One equivalent interpretation of the codes is that they can shift the actual delay spreads of different CSI-RS ports into different parts of the time domain. One example is shown in Figure 2, where CSI –RS port A is with code [+1,+1], while the CSI-RS port B is with code [+1,-1]. If viewed from time domain, the delay spreads of CSI-RS port A is roughly limited in the first half of the time domain, while the shifted delay spreads of CSI-RS port B is roughly limited in the second half of the time domain which is complementary to port A. It means one CSI-RS port among the ports in the FD-CDM can significantly interfere the other CSI-RS port on the same FD-CDM resources in time domain. Therefore, in the case of FD-CDMed CSI-RS ports, a UE cannot assume any channel delays in at least a half of its full time domain, and that half is generally out of its CP length.
Third but not the least, different CSI-RSs may come from adjacent or very far cells, which may occupy the time domain out of the CP length of the target CSI-RS. These delay spreads may easily pollute the target CSI estimation and reporting, and thus are better not to be considered in the CSI reporting. The RRC configured subset restriction can solve this issue, especially for some consistent interference in time domain.
Therefore, to avoiding feedback overhead on these unnecessary FD-compression vectors, subset restriction should be supported to restrict the available FD-compression vectors. The subset restriction should be based on either default or RRC configuration.
Proposal 1: Support subset restriction on FD-compression vectors, either by default or RRC configuration. 
When subset restrictions are supported, the feasible set of FD vector/basis are reduced into a smaller size. Therefore, the FD basis indicator should be based on the reduced set of FD basis for overhead reduction, and the bitwidth of FD basis indicator should be reduced correspondingly.  
The saved overhead by subset restriction can be analysed. Without any restriction, the number of bits required for FD-basis selection is about , and it has been agreed that M=p where p =1/2, or p=1/4, and R=1 or R=2. Assuming only a number of x FD-basis can be reported in the FD subset restriction, then the number of bits for FD basis selection is about . Figure 3 plots different number of N3 for different value pairs of x and p. It can be shown, the saved number of bits linearly increases with N3, and up to 14 bits can be saved in the FD basis selection per layer!
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Figure 3 Overhead reduction by subset restriction on FD-basis per Layer
Proposal 2: The FD basis indicator should be based on the reduced set of FD basis for overhead reduction.
3 Conclusion
This contribution provided our proposals for CSI reporting in NR. And particularly, there are:
Proposal 1: Support subset restriction on FD-compression vectors, either by default or RRC configuration.
Proposal 2: The FD basis indicator should be based on the reduced set of FD basis for overhead reduction.
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