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Introduction
In RAN1 AH 1901, a working assumption was made to introduce oversampling factor  for the FD-basis, instead of using a critically  sampled DFT basis as the FD-basis:
Working Assumption
On the choice of oversampling factor O3, O3 = 4 is supported  
The reason for the working assumption was that while some companies showed a performance gain with applying an oversampled basis, it was not certain that the UE actually needs to report the oversampling index. In this contribution, we show that that is indeed the case and propose that the working assumption is rejected.
Discussion
According to the agreed precoder structure, the precoder vectors  for a certain layer for all FD-units (i.e. PMI subbands) can be described by the matrix , where
·  is the SD-basis where  are orthogonal DFT vectors 
·  is the FD-basis, where  are orthogonal DFT vectors 
·  is the  matrix of LC coefficients

That is,  is selected from a column subset of a (possibly, according to the WA) rotated orthogonal DFT basis , which can be described as:
 
Where  is an orthogonal (critically sampled) DFT matrix,  is a rotation matrix and  is the oversampling index (or rotation factor).
To determine the optimal oversampling index as well as the optimal  coefficients, the UE would multiply the rotation matrix to the unquantized coefficients prior to FD-transformation with the critically sampled DFT matrix as

Where  corresponds to all  beam-delay coefficients (without selecting a column subset corresponding to the M best FD-basis vectors). This essentially means each column of  is multiplied with a scalar phase  prior to FD-transformation. This can be seen as rotating the rows of the  matrix so as to better match the fixed basis vectors in so as to sparsify the coefficients in the transformed domain. Thus, different value of oversampling index  will result in different basis subset selection and different LC coefficients (and number of non-zero coefficients). However, in the non-transformed domain, the multiplication of scalar phase to a column of  results in an equivalent precoder, since it is only the relative phase between beams/antennas that matters, and we can without loss of generality assume that an arbitrary coefficient is normalized to one.
Similarly, the gNB will reconstruct the precoder matrices as

However, as the rotation matrix and selection of   only corresponds to a scalar phase rotation of the precoder vector for each FD-unit, the gNB may equivalently apply the precoders without this rotation, i.e.

That is, the oversampling index does not need to be reported and the rotation matrix does not need to be part of the codebook structure.
In fact, the UE can apply an arbitrary phase rotation of the columns of  in order to sparsify the transformed coefficients, for instance, it could use a rotation matrix with much higher oversampling factor than 4 or try to determine the optimal scalar phase rotations by evaluating the correlation between precoder columns.
[bookmark: _Toc4743120]Oversampling the FD-basis cannot lead to better performance, and feeding back an oversampling index is therefore redundant
[bookmark: _Toc4743121]The UE can apply arbitrary phase rotations on the columns of the beam-frequency matrix prior to FD-transformation in order to sparsify the coefficients in the transformed domain, including applying linear phase ramp corresponding to arbitrarily high oversampling. However, this phase rotation does not need to be reported.
We also verify this mathematical observation with simulation results. Three schemes are evaluated:
· Scheme 1: Critically sampled FD-basis, , is used for PMI calculation and precoder generation
· Scheme 2: Oversampled FD-basis, , is used for both PMI calculation and precoder generation, 
· I.e. the oversampling index  is reported
· Scheme 3: Oversampled FD-basis, , is used for PMI calculation but critically sampled FD-basis, , is used for precoder generation
· I.e. the oversampling index  is not reported
The results are presented as C.D.F. of precoder SNR in Figure 1. As seen, including oversampling when calculating the PMI yields some improvement in SNR, however the performance is the same for Scheme 2 and Scheme 3. That is, it does not matter if the oversampling index is reported or not, which verifies the previously made mathematical conclusion.
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Figure 1: C.D.F of precoder SNR for Type II CSI enhancement with different FD-basis oversampling schemes
Based on this discussion, it is clear that the WA must be overturned and critically sampled DFT basis should be used for FD compression.
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Conclusion 
Based on the discussion in this contribution we make the following observations:
Observation 1	Oversampling the FD-basis cannot lead to better performance, and feeding back an oversampling index is therefore redundant
Observation 2	The UE can apply arbitrary phase rotations on the columns of the beam-frequency matrix prior to FD-transformation in order to sparsify the coefficients in the transformed domain, including applying linear phase ramp corresponding to arbitrarily high oversampling. However, this phase rotation does not need to be reported.

Based on these observations, we propose the following:
Proposal 1	Reject the working assumption on oversampling of the FD-basis and support critically sampled FD-basis with 
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