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1	Alt 3.4 and 5.1 of MU-CSI CSI offline session
This document is intended to describe in more detail how UCI overhead saving can be achieved by Alt 3.4 and Alt 5.1 proposed in the MU-MIMO CSI offline session summarised by the FL in [1], for the reporting of SCI and FD basis, respectively.
For a certain layer, the reported precoder vectors, , for all  PMI sub-bands are reconstructed at the gNB according to the agreed matrix structure
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where:
· 
·  is the SD basis formed by  orthogonal vectors, , selected from a DFT codebook
·  is the  matrix of LC coefficients after FD compression, coefficient selection and quantization
·  is the FD basis formed by  orthogonal vectors, , selected from a DFT codebook
Let  be the coordinates of the strongest coefficient in   and  a fixed reference FD component index, known to both gNB and UE. Any integer value in the range  may be used, for instance , for simplicity.
In our proposal, a UE would report the following -modulo-shifted FD basis: , with shift , and  indices given, in increasing order, by:
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Note that, after the modulo shift, the first FD component index, , does not need to be reported because it coincides with the fixed reference FD component, hence the FD basis indication only requires  bits (see Alt 5.1 in [1]).
The columns of  are also re-ordered by a UE according to the input to the modulo function in (2), before reporting the bitmap and values of nonzero LC coefficients, such that the new column ordering reads: . Let us call this column-shifted matrix .
Consequently, the bitmap columns are also re-ordered such that the strongest coefficient is found in the first column. This limits the range of values for the SCI, which can only be an integer within the range . Therefore, the SCI can be encoded with  bits (see Alt 3.4 in [1]).
We now focus on the reconstruction operation performed by a gNB after receiving the PMI. Let us introduce a permutation matrix of size :
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where  is an  identity matrix, and an  diagonal matrix of phase rotations, defined as follows:
	.
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Hence, one can rewrite  as a function of ,
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and  as a function of ,
	.
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We note that the  performs the modulo-shift operation, whilst  the index reordering operation described in (2). Without knowing the index or the shift value , the gNB reconstructs the precoder matrix as
	
	(7)


where the last identity follows from (1), and  is the precoder the gNB would reconstruct if the UE reported the PMI without applying any modulo-shift. Therefore, we can conclude that the reconstructed precoder vectors, , differ from the original ones, , only by a phase factor, which is irrelevant for the precoder performance. 
Note that this approach can be applied independently for each layer.
2	Advantages of the proposed solution
Thanks to this approach the following two results are achieved: 
· Because the index of the FD component where the strongest coefficient is located is now known by design, i.e., , the SCI per layer can be signalled using  bits, to indicate its SD beam location. Note that this method is applicable regardless of how the NNZC is signalled (per layer or across layers) 
· The second advantage can be appreciated if we consider the signalling of the SCI for RI=1, i.e., by using  bits. This is done by counting the number of ones in the bitmap indicating the location of the NZ coefficients to gNB. In particular, gNB counts the ‘1’s either by row or column and places the strongest coefficient in the position of the ‘1’ corresponding to the SCI indicator value. Now, any error in the bitmap demodulation may cause an incorrect positioning of the strongest coefficient by a gNB, in the LC coefficient matrix, with significant degradation in the PMI reconstruction. This problem is made worse by the fact that UCI Part 2 is encoded with higher code rate than Part 1. Conversely, Alt3.4, does not have this problem because the SCI is encoded/decoded independently of the bitmap.
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