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1. Introduction
In RAN#71, the WID [1] about enhancements on Full-Dimension (FD) MIMO for LTE has been approved. The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 1D and 2D port layouts with cross-poles at eNBs. In RAN1#84bis, the following agreement is achieved on advanced codebook-based PMI enhancement [2].
· Codebook based (implicit feedback)
· Linear combination codebook (enhanced W2) for Non-precoded CSI-RS and beamformed CSI-RS
· MU CSI (e.g., additional i1, i1,1, or i1,2) 
· Other new or modified codebooks
In this contribution, we discuss the linear combination codebook with constant- or non-constant-modulus weight coefficients. Moreover, possible proposals on CSI reporting for non-constant-modulus linear combination codebook are given. We also discuss the approach and pros of supporting LC codebook through Class B.
2. Discussion on linear combination codebook
Rationale
In [3], a new codebook methodology named linear combination (LC) codebook is proposed. The resulting precoding obtained from LC codebook is the linear combination of the beams selected by W1. Hence the PMI feedback of LC codebook has two components: the feedback indicates the beam group in W1, which is the same as the long-term feedback in Rel-13, and the feedback indicates the weight coefficients for linear combination and polarization co-phasing.


From the investigation of the 3D channel model given in [4], it can be verified that the frequency-domain channel can be interpreted as the linear transformation of 3D beams, i.e., the Kronecker product of horizontal and vertical beams. Hence the set of 3D beams within the angular spread can be seen as a group of basis in the subspace of channel matrix. Then each eigenvector vi of the channel covariance matrix R is the linear combination of the set of 3D beams. Moreover, since , the channel covariance matrix can be recovered well with the eigenvectors vi and eigenvalues . Conventionally, explicit feedback can give a good characterization of R. However, since the number of entries to be fed back of explicit feedback is in the order of M2, and all the entries are non-constant-modulus, where M is the number of ports, the problems of quantization complexity and huge feedback overhead exists. With LC codebook, the number of entries to be fed back is in the order of M, and only very few non-constant-modulus entries need to be fed back. Hence compared with explicit feedback, LC codebook has much lower quantization complexity and feedback overhead, and it achieves a good tradeoff between the performance and cost. Then we have the following observation.
Observation 1: LC codebook is an efficient solution to give a good characterization on the eigenvector of the channel covariance matrix.
Non-constant-modulus vs Constant-modulus coefficients
If we exploit further on the channel model, the following aspects should be contained in the weight coefficients of the linear combinations:
· Delay of each cluster
· Random phase of each polarization directions, as well as cross pols
· Power gain of each cluster
· Polarization projection between the Rx and Tx antennas
Regarding the four aspects, we have the following observations:
1. The first aspect, i.e., delay, co-affects the frequency channel with the working frequency, so the feedback regarding the delay should be sub-band.
2. The first two aspects, i.e., delay and random phase, affect the phases of each entry in the eigenvectors, whereas the other two aspects, i.e., power gain and polarization projection, affect the amplitudes of each entry in the eigenvectors.



We need to elaborate more on the second observation. A basic conclusion deduced from the 2nd observation is that the weight coefficients should be non-constant-modulus to give the best characterization of the channel eigenvectors. On the other hand, from the point of implementation of the LC codebook, as we have the eigenvector vi of the channel covariance matrix R based on channel measurement, the optimal solution, such as LS solution, of the equation  should be non-constant-modulus, where  is the set of beams as basis vectors. We compare the performance of non-constant-modulus and constant-modulus coefficients in the next section. Additionally, compared with constant-modulus coefficients, non-constant-modulus coefficients may cause the problem of feedback overhead. However, the approach of re-allocating the feedback bits for co-phasing, beam selection and weight coefficients can help to relieve the problem of feedback overhead. 
Consider the set  as the set of the amplitudes of coefficients, and as the set of the phases of coefficients. If we use the beam selection pattern as Codebook-Config = 2,3,4, combine the four beams indicated by the first PMI linearly with , where , , and i,j=1,2,3,4. However, the feedback overhead would be as large as 16 bits. In order to reduce feedback overhead, the beam selection pattern as Codebook-Config = 1 is employed. Specifically, b0 is indicated by the first PMI, and two orthogonal beams in vertical and horizontal dimensions b1 and b2 are used. Then b0, b1 and b2 are combined linearly with the values in  and . The whole procedure is shown in Figure 1. Therefore the feedback overhead in sub-band is  (coefficients) + 2 (co-phasing) = 7 bits.


Figure 1. Non-const-modulus linear combination precoder
We simulate the proposed non-constant-modulus LC codebook (Scheme 2) and the codebook proposed in [3] (Scheme 1, using Config. 3). The simulation results are shown in Table 1. It is seen that Scheme 2 achieves obvious performance gain over Scheme 1. Therefore, even if the beam selection feedback in W2 is removed, the utilization of non-constant-modulus coefficient feedback can achieve better performance for LC codebook. Moreover, we also compare scheme 2 with or without amplitude feedback, and it turns out performance loss occurs if amplitudes of the coefficients are not reported.
Table 1. System performance comparison of different linear combination schemes
	3D-Umi MU scenario, FTP service, (N1, N2, O1, O2) = (4,4,8,8)

	
	RU
	Mean
	5%
	50%
	Feedback overhead of sub-band

	Scheme 1
	0.6192
	24.67
	6.37
	23.00
	8 bits

	Scheme 2
	0.5615
	27.19
	7.32
	27.06
	7 bits

	Scheme 2 without amplitudes
	0.6074
	24.35
	6.12
	23.45
	5 bits


Based on the above analysis and evaluation, we have the following proposals.
Proposal 1: For the CSI reporting of LC codebook, at least part of the weight coefficient phases should be sub-band.
Proposal 2: Non-constant-modulus feedback of the weight coefficients should be supported.
Proposal 3: Further study on the feedback bit allocation of weight coefficients, co-phasing and sub-band beam selection in order to support non-constant-modulus coefficients in LC codebook.
LC codebook in Class B



Another efficient way of supporting LC codebook is to use Class B K=1 framework. The set of basis vectors can be used for virtualization. Hence the overall precoding matrix is F=PW, where  is the virtualization matrix and  contains the co-phasing and weight coefficients. Then besides the legacy codebook and W2-only codebook, another codebook, i.e., LC codebook, should be considered as the Class B codebook. In addition, the beams used for virtualization can be obtained by implementation methods, such as channel reciprocity, or hybrid CSI-RS schemes. The advantage of supporting LC codebook in Class B is the consideration on complexity, since the resulting precoding PW is obtained in a two-step manner, instead of searching an extremely large codebook as in Class A.
Proposal 4: Class B K=1 can be used to support LC codebook, and the beams used for virtualization can be obtained by implementation or hybrid CSI-RS.
3. Conclusions
In this contribution, we discuss the rationale of LC codebook. We also analyze the pros and cons of using non-constant-modulus coefficients in LC codebook, and the approach of supporting LC codebook in Class B. Based on the above discussion, we have the following observation and proposals.
Observation 1: LC codebook is an efficient solution to give a good characterization on the eigenvector of the channel covariance matrix.
Proposal 1: For the CSI reporting of LC codebook, at least part of the weight coefficient phases should be sub-band.
Proposal 2: Non-constant-modulus feedback of the weight coefficients should be supported.
Proposal 3: Further study on the feedback bit allocation of weight coefficients, co-phasing and sub-band beam selection in order to support non-constant-modulus coefficients in LC codebook.
Proposal 4: Class B K=1 can be used to support LC codebook, and the beams used for virtualization can be obtained by implementation or hybrid CSI-RS.
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