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1	Introduction
[bookmark: _GoBack]In this contribution we show that such operations as the choice of an orthogonal group from an oversampled DFT codebook and a circular shift of the FD components can be expressed as a multiplication of the columns of  by a phase ramp, before applying FD compression. The optimization of these per-column phase rotations, which include the choice of an orthogonal group from an oversampled codebook, is an important operation the UE can perform to significantly improve the accuracy of FD compression. We show through some simple algebra that the numerical values of these phase rotations do not need to be reported to the BTS to achieve the benefits of such operations as oversampling, circular shifts of FD components and phase adjustments.
2	Phase Rotations and FD compression
It is well known that a phase rotation across the columns of a precoding matrix  does not affect the precoder performance, hence the BTS may reconstruct  up to a phase adjustment per column without affecting performance. This is true for any type of precoder design. In this section we want to show that phase adjustments applied across the columns of matrix  before FD compression do not need to be reported to the BTS. We also want to point out that the choice of these phases is an important degree of freedom that a UE can exploit to improve frequency compression, i.e. reduce the reconstruction error at the BTS.
Let us first consider an ideal case for frequency compression, without basis subset selection, i.e. we assume , and with reporting of all  unquantized FD coefficients. Note that this is just a hypothetical case as there is no actual compression gain in the frequency domain. We assume that a UE applies phase adjustments on the columns of  before the DFT processing across the sub-bands and we indicate with  a diagonal matrix of arbitrary phase rotations:
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If the BTS knows  , the precoder  is reconstructed as:
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 whereas, if the BTS is unaware of , the reconstruction yields:
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In this ideal case, we observe that 1) the difference between the reconstruction (2) and (3) is just a phase rotation across the precoder’s columns, i.e.
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and 2) because we assume perfect reporting of the  linear combination matrix , applying the phase rotations in (1) is irrelevant.
Let us now consider the realistic case of basis subset selection with  and quantization of the linear combination coefficients and say  is the  matrix of FD coefficients known at the BTS. Note that only up to  coefficients of  are nonzero. Quantisation error also affect the nonzero coefficients. We introduce the error matrix between the realistic and ideal matrix of linear combination coefficients:
	
	(5)


such that we can express , in a very general case, as:
	
	(6)


If the BTS knows the phase shifts , the precoder  is reconstructed, with error, as:
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If the BTS is unaware of , the precoder reconstruction yields:
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By comparing (7) and (8), we still have:
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i.e., the difference between the two reconstructions, with and without reporting of  , is a phase rotation applied to the precoder’s columns, which does not affect the precoder’s performance. However, unlike in the ideal case, applying appropriate phase rotations at the UE does make a difference in terms of reconstruction error. In fact, the UE may optimise the selection of the phase rotations  such that the reconstruction error  is minimised according to some metric, even if the BTS is unaware of these phase adjustments. 
Note that both results (4) and (9) hold when  is , instead of , but the expressions for  and  are more complicated because  is no longer the identity matrix.
In conclusion, we showed that when applying FD compression, optimisation of the phase adjustments  can be used by the UE to improve the PMI accuracy, however, these adjustments do not need to be communicated to the BTS to achieve this gain.
Note that several operations can be expressed by these phase rotations. An oversampled DFT codebook can be described as the union of  circularly shifted versions of a critically sampled codebook, where the minimum shift is fractional. Accordingly, we can express the selection of one of the  orthogonal groups of size  by using notation (1) with  given by the phase ramp:
	
	(10)


and . Similarly, a circular shift of the  FD candidate components can be obtained by applying a phase ramp across the columns of  , in the original domain, with minimum shift multiple of . For example, a circular shift that moves FD component of index  to position ‘0’ can be expressed by (1) with  given by the phase ramp:
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and . Finally, oversampling and circular shifts can also be combined with phase adjustments on the columns of  to ensure smooth phase transitions along its rows before applying FD compression and avoid ‘phase jumps’. Let us denote the diagonal matrix of these phase adjustments as 
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with . In general, a UE can apply a combination of these three operations (oversampling, circular shifts, phase adjustments) by performing a set of phase rotations on the columns of , as described in (1), with a rotation matrix given by
	
	(13)



These operations are essential at the UE to optimise the PMI report and reduce its reconstruction error when applying frequency domain compressions. However, as shown above, the values of the combined phase adjustments (12) do not need to be reported to the BTS to achieve these benefits.

Observation 1. Such operations as the choice of an orthogonal group from an oversampled DFT codebook and a circular shift of the FD components can be expressed as a multiplication of the columns of  by a phase ramp, before applying FD compression
Observation 2. The optimization of these per-column phase rotations, which include the choice of an orthogonal group from an oversampled codebook, is an important operation the UE can perform to significantly improve the accuracy of FD compression
Observation 3. The values of these phase rotations do not need to be reported to the BTS to achieve the benefits of such operations as oversampling, circular shifts of FD components and phase adjustments



