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1. Introduction

Up to 64 TXRUs are defined in the scope of new SI for 3D-MIMO in RAN#65 meeting [1], which provides more freedom for beamforming. For PDSCH transmission, user-specific beamforming can be achieved by CSI feedback or exploiting channel reciprocity of TDD systems. Nonetheless, the broadcast channel and CRS is not expected to be transmitted by beamforming, since they are cell-specific rather than user-specific. 
As analyzed in [2], CRS antenna port should be much less than 64, e.g., 2 CRS ports are introduced for 8/16/32/64 TXRUs. The CRS virtualization is necessary for cell association; therefore CRS virtualization from TXRUs to CRS antenna ports needs to be discussed for 3D-MIMO. Such virtualization is also vital for the transmission of broadcast channel, so as to ensure good coverage.  In this contribution, we discuss the necessity of antenna calibration for the transmission of broadcast channel.
2. Discussion on necessity of antenna calibration for broadcast channel 

2.1 Antenna virtualization for broadcast channel transmission
For discussion convenience, consider an 3D-MIMO with 8-by-8 antenna element array, and each antenna element corresponds to a TXRU. As discussed in [2], the virtualization of 64 TXRU to 2/4 CRS ports can be done in two phases. The virtualization from TXRUs to CRS antenna ports and broadcast channel transmission can be done in various ways. The virtualization method that is applied in current 8-antenna systems can be employed straightforwardly. Specifically, in phase 1, 8 vertical antenna elements are mapped to one virtual port and the 8 ports consistue a virtual horizontal array; and in phase 2, the 8 horizontal virtual ports are mapped to multiple (2/4) CRS ports. How to map multiple TXRU to 2 CRS port are discussed for vertical and horizontal domain, respectively.
Vertical Domain Virtualization Approach
For phase 1, DFT vector could be used to map the elevation antenna elements into one virual antenna port. The complex weight wm for antenna element m in elevation is defined as [2]
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where K is the number of elevation antenna elements, λ is the wave length, dv presents the antenna spacing in vertical direction and θ is the electrical vertical steering angle defined between 00 and 1800 (900 represents perpendicular to the array).
Horizontal Domain Virtualization Approach
For phase 2, the horizontal 8 virtual ports can be further virtualized into 2 CRS ports, which will be used for CRS and broadcast channel transmission. It is possible to reuse the virtualization method in reality 8 Tx system to perform 3D-MIMO azimuth virtualization. According to [2], one approach for CRS virtualization that is applied in realistic system is as follows : 
Map 4 co-polarized (+45 degrees) antennas into one CRS port. The other 4 co-polarized (-45 degrees) antennas are mapped into another CRS port with the same vector, as shown in Fig. 2.
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Figure 1 Horizontal Domain virtualization approach 
In order to create 65 degrees’ HPBW, the side two antenna elements should decrease their power, which means the amplitude of weighting value for the side antenna is less than one. Thus, power loss (which will shrink cell coverage) of this approach is inevitable. The weighting vector should be optimized along with the real antenna. Here, one example weighting vector is given, e.g., [-0.6230-0.0025i, 1, 1, 0.2986-0.0020i]. Precoding of CRS virtualization is defined by:
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2.2 Antenna pattern for broadcast channel with and without antenna calibration
Assuming HPBW of each element is 65 degrees and pattern gain is 8 dBi as shown in Figure 2.
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Figure 2. Antenna pattern of one antenna element

Here, we assume the downtilt of antenna is 12 degrees, the combined array gain for broadcast channel and CRS antenna ports with DFT-based elevation virtulization and azimuth virtulization approach  is depicted in Figure 3. In the simulation, the perfect calibration results are obtained by assuming all 64 antenna elements are well calibrated without error. The no calibration results are obtained by assuming a phase error for each antenna elements, with the phase be uniformly distributed between  00 and 3600. 

From the simluation results we can observe that if the antenna are not calibrated, the beampattern of the broadcast channel can not be well shaped. Specifically, the beam in vertical domain can not be focused on the desired direction, but with servere sidelobe leakage. The energy of beam in horizontal domain is reduced, which indicates that coverage may not be ensured.
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Figure 3. Combined array gain for broadcast channel in vertical and horizontal domain
Observation: For broadcast channel transmission, the TXRU of 3D-MIMO array needs to be virtualized into limited number of ports for transmission of broadcast channel. To ensure the coverage of broadcast channel after the virtualization, the TXRUs need to be calibrated, regardless of duplex mode
3. Conclusions 

In this contribution, we discussed the necessity of antenna calibration for the transmission of broadcast channel. According to the analysis and simulation results, we observe that: 
Observation: For broadcast channel transmission, the TXRU of 3D-MIMO array needs to be virtualized into limited number of ports for transmission of broadcast channel. To ensure the coverage of broadcast channel after the virtualization, the TXRUs need to be calibrated, regardless of duplex mode 
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