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Introduction
DFT-based compression in frequency domain (FD) has been agreed to reduce overhead of Type II CSI feedback [1], and been extended to higher rank [2]. In this contribution, in order to effectively compress FD subband coefficients, we propose a phase preprocessing algorithm before performing compression.

Phase preprocessing for subband coefficients
Calculation of subband coefficients and FD compression 
In Rel-15 Type II codebook, the precoder can be written as  for each layer, where  denotes the wideband beam which is represented by a set of DFT basis,  denotes subband coefficients.  could be calculated in the following way. Let  denote the channel eigenvector of nth subband which is obtained by eigenvalue decomposition of channel covariance matrix. Then, the nth subband coefficients  is the projection of  onto wideband beam , i.e., . Similarly, the other subband coefficients are also obtained, and these coefficients are cascaded to construct the coefficients matrix for all subbands.

In [1], it was agree that subband coefficients can be further compressed based on DFT basis by employing the correlation in frequency domain. The compression coefficients  is calculated as , where  denotes the FD compression basis consisting of M DFT basis vectors with length N, and N is the number of subbands. At gNB side,   can be reconstructed as . Then, the precoder can be written as  for each layer. The reported coefficient is  instead of . Comparing with ,  has less number of columns  in FD as M<N. Therefore, feedback overhead could be reduced.
Phase preprocessing algorithm 
According to the description in section 2.1, the channel eigenvectors are calculated through eigenvalue decomposition, which may results in non-continuous phase coefficients among adjacent subbands. Therefore, the correlation of phase is destroyed that they cannot be efficiently compressed by utilizing FD compression basis. In order to improve the correlation of FD, a suitable phase preprocessing is necessary before performing the compression. If all phase coefficients of a subband are rotated with the same angle, the system performance will not be changed. Motivated by this, we make all phase coefficients of the nth subband minus an angle  to do phase preprocessing for better compression. 
Due to the propagation characteristic of wireless channel, there is at least a strongest beam for the whole wideband. In order to minimize performance loss, the compression energy associated with the strongest beam should be remained as much as possible after compression. This requires that the correlation of among subbands corresponding to the strongest beam should be kept with the highest priority. Therefore,  should be equal to the phase coefficient corresponding to the strongest beam. Then, after performing the similar calculation for the other subbands, the phases associated with the strongest beam are equal to zero. The correlation of phase coefficients corresponding to the strongest beam is actually improved. In mathematics, the phase preprocessing algorithm can be represented as follows.

Let phases of all subband coefficients be denoted by a matrix  which is represented as
,

where L is the number of beam.  Assume the lth beam is the strongest beam. All phases minus the lth row phase for each subband, i.e, . We obtain an another phase matrix  which is written as
.



Then, subband coefficients  is calculated by using amplitude of  and , and FD compression are performed for .
In order to verify whether the phase preprocessing algorithm is feasible, we adopt the similar method as proposed in [3] to calculate a power ratio. In this contribution, the power ratio is defined as the preserved power after FD compression and the power of without FD compression. A larger power ratio means less energy loss after compression, and FD compression is effective after phase preprocessing as well. Otherwise, it cannot compress FD coefficients effectively. Fig.1 shows the CDF curves of power ratio with and without phase preprocessing. In this figure,  denotes the power ratio, P and Pc denotes the power of without FD compression and the preserved power after FD compression, respectively. Comparing the two cases, most energy has been remained with phase preprocessing. This verifies that the FD coefficients could be compressed effectively by exploiting the proposed phase preprocessing before compression. 
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Figure 1: CDF curves of power ratio of the case with and without phase preprocessing

Observation-1: In order to compress FD coefficients effectively, it is necessary to perform phase preprocessing before compression. 

Simulation results
In this section,  system-level simulation are adopted to evaluate the performance with phase preprocessing and without phase preprocessing. The number of beam L and the number of subband N are set to 4 and 13, respectively. The other simulation parameters are given in Table AI in Appendix. For the reported compression coefficients, both amplitude coefficients and phase coefficients are quantized with 3 bits.  As a performance baseline, Rel-15 Type II codebook using L=4 beams with SB amplitude and 8-PSK phase quantization is also evaluated. 
Cell average and edge performance comparison of the case with and without phase preprocessing for different compression factors is shown in Fig.2. When compression factor M=13, the best performance is achieved since all subband coefficients are kept without any energy loss. As shown in the figure, when M=4, the performance with phase preprocessing is close to the uncompressed case. This further verifies that the proposed phase preprocessing can be used to effectively compress FD coefficients. Note that the reported coefficients can be reduced by 69.2% when M=4. Therefore, feedback overhead is significantly reduced. Comparing with the case without phase preprocessing, the performance of the case with phase preprocessing can be improved more than 10% when M=4. In addition, when , the performance is always better than that of Rel-15Type II codebook. While the performance of the case without phase preprocessing is always worse than that of Rel-15 Type II codebook except M=13.
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Figure 2: Cell average and edge performance with different compression factors  

Observation-2: The performance of the compressed codebook can be improved significantly with phase preprocessing. When compression factor M=4, the performance almost achieves the best one through using the proposed phasing preprocessing algorithm, and is even better than that of Rel-15 Type II codebook.

Conclusions
In this contribution we discussed the phase preprocessing before performing FD compression. Base on analysis and simulation results, our observations are summarized as follows.
Observations:
Observation-1: In order to compress FD coefficients effectively, it is necessary to perform phase preprocessing before compression. 
Observation-2: The performance of the compressed codebook can be improved significantly with phase preprocessing. When compression factor M=4, the performance almost achieves the best one through using the proposed phasing preprocessing algorithm, and is even better than that of Rel-15 Type II codebook.
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Appendix
Table AI: Evaluation assumptions
	Parameters
	Values

	Duplex mode 
	FDD

	Scenario
	Dense Urban (Macro)

	Carrier frequency 
	4GHz

	Channel model
	According to the TR 38.901

	BS Tx power 
	41dBm

	BS antenna configuration
	32 ports: (8,8,2,1,1,2,8), (dH, dV) = (0.5, 0.8)λ

	BS antenna height 
	25m

	UE antenna configurations 
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bits 

	Number of RBs
	52 RBs for 15 kHz SCS

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	UE distribution
	80% Indoor, 3km/h, 20% Outdoor, 30km/h

	UE receiver type
	MMSE and IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	MIMO mode
	MU-MIMO with rank adaption

	CSI feedback period 
	5ms

	Feedback delay
	4ms
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