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1. Introduction
In the last RAN4 #82bis meeting, RAN4 has agreed on the spatial channel matrix definition for the class A eFD-MIMO with up to eight antenna elements in one direction [1]. However, the corresponding definition for the beam steering matrix is not agreed yet.
In this paper, we propose a beam steering matrix definition for the increased antenna array dimensions in the class A eFD-MIMO.

2. Discussion
In the last RAN4 #82bis meeting, it was agreed to introduce a generalized formula for the spatial correlation matrix for the class A eFD-MIMO with more than four antenna elements of the same polarization in one direction [1]. However, in order to have a complete channel model, the corresponding beam steering matrix should also be properly extended to the increased antenna array dimensions. 

In release 13, for up to M ≤ 4 antenna elements of the same polarization in one direction, their corresponding beam steering matrix was defined as an M x M diagonal matrix whose (m,n)-th entry dmn for m,n=0,1,..,M-1 is given by 
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where 
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 is the phase variation at subframe k is given by 
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 (rad/subframe), and some random initial phase of 
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. Our view is that beam steering matrix for the class A eFD-MIMO can be defined in a similar way with some modification. 
In the release 13 approach, the phase difference between the farthest antenna elements, i.e., m = M - 1, varies at a constant rate (=
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) while the same between the adjacent antenna element pair varies at a rate inversely proportional to (M - 1). Since the rate on which the best PMI changes depends on the phase difference between the closest antenna element pair, such definition may lead to the unequal effective beam sweeping speed across different antenna configurations. In order to avoid this, for M > 4, we propose to define the m-th diagonal entry, m=0,1,..,M-1, of the beam steering matrix as 
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. With the proposed matrix, the beam sweeping would be at a constant rate of 
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  regardless of the value of M. 
Proposal 1. For the i-th dimension of two-dimensional antenna array with M > 4 antenna elements of the same polarization in one direction, corresponding beam steering matrix 
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 at the k-th subframe is an M x M diagonal matrix whose (m,n)-th entry dmn for m,n=0,1,…,M-1, is given by
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where 
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In the below, we compare the beam steering matrices based on release 13 approach and the proposed one.
[1.75 times faster beam sweeping speed in M = 5 compared to M = 8]
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[Constant beam sweeping speed for M = 5 and 8]
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3. Conclusions

In this contribution, we proposed the beam steering matrix for the increased antenna array dimension for the release 14 class A codebook. In particular, a modification to existing release 13 approach was proposed such that the beam steering speed remains constant regardless of the specific two-dimensional antenna configuration.
Proposal 1. For the i-th dimension of two-dimensional antenna array with M > 4 antenna elements of the same polarization in one direction, corresponding beam steering matrix 
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 at the k-th subframe is an M x M diagonal matrix whose (m,n)-th entry dmn is given by
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