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Introduction
In this contribution, we consider pattern/polarization antenna array model for massive MIMO system which increases the degree of freedom(DoF) of MIMO channels and at the same time improves the channel capacity by exploiting the low correlation characteristics of different pattern/polarization antenna channels.

Existing antenna array model  
According to 3GPP TR 36.897 V1.0.1 (2015-06) [1], a 2D planar uniformly spaced antenna array model (see Figure 5.2.1-1) was defined for FD-MIMO with the configuration represented by (M, N, P) where 
M is the number of antenna elements with the same polarization in each column,
N is the number of columns, and
P is the number of polarization dimensions.
The antenna polarization parameter P is defined only for cross-pol (P=2) and for co-pol (P=1). 
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Figure 1: Antenna array model in [2]

A Pattern/polarization antenna model for massive MIMO system
Figure 2 shows the system model for pattern/polarization antennas. This model corresponds to the Category 1 implementation based schemes (i.e., sectorization) defined in section 6.1 of [2] with the exception of employing P greater than 2 as well as P=1 and P=2. 
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Figure 2: Sectorization with P = 4

In this model, the different types of pattern/polarization antenna elements denoted by O, △, □, ◇ symbols (assuming P=4) are employed to comprise the pattern/polarization antenna array. The pattern/polarization antenna array can be decomposed into K virtual antenna arrays. The dimension of a k-th virtual antenna array can be Mk-by-Nk, where Mk and Nk are integers no greater than M and N, respectively. Each virtual antenna array is used to partition the service area into B sectors with the angle of departure that is independent of the virtual antenna array index k. Thus, using the pattern/polarization antenna array with K virtual antenna arrays, Nr-by-K channel can be realized in each sector where Nr is the number of UE antennas, and min(Nr,K) symbols can be transmitted for each sector through the same time/frequency resource.  This scheme is called Pattern/Polarization Beam Division Multiple Access (P2BDMA).  

Figure 3 shows the beam patterns for the case of (a) B=1 and (b) B=8. With K virtual arrays with the same beamforming weight vectors for B sectors, Nr-by-K MIMO channel can be realized in each sector.

Figure 4 shows the simulation result that compares the achievable spectral efficiencies(SE) with SNR[0,40] dB for 4 different system configurations as follows: 
1) Single sector 44 MIMO system: a single 120o sector of the conventional three sector system (Nr = 4)
2) BDMA (24 sectors, v-pol only) : 8 sectors composed by single antenna array with vertical polarization only (K=1, Nr = 1)
3) BDMA (2x4 sectors, v/h-pol): 8 sectors composed by two virtual antenna arrays, one with vertical polarization, and the other with horizontal polarization (K=2, Nr = 2)
4) P2BDMA (2x4 sectors, 4-pat/pol): 8 sectors composed by four virtual antenna arrays with different pattern/polarization from each other (K=4, Nr = 4)
 In Figure 4, the degree of freedom of a MIMO channel is defined as the number of eigenmodes which makes the condition number smaller than 100. In the figure, one can see that the spectral efficiency and the degree of freedom increase as the polarization dimension (i.e., P) increases.
[image: ] [image: ]
(a)  Single sector model (B=1)                          (b) 8 sector model (B=8, 2 vertical  4 horizontal)
 Figure 3: Sectorization models   
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Figure 4: Downlink spectral efficiency vs. SNR

Conclusion
In this contribution, we considered the use of large P values for future massive MIMO system. The simulation result indicates that the use of pattern/polarization antenna elements in the antenna array model with large P value improves the degree of freedom as well as the spectral efficiency of the massive MIMO system. The use of pattern/polarization antenna array may be considered for future massive MIMO system.
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