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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], however, CRS antenna port should be much less than 64 considering the lager overhead, e.g., 2 CRS ports are introduced for 8/16/32/64 TXRUs. Because CRS virtualization is necessary for cell association, CRS virtualization from TXRUs to CRS antenna ports needs to be discussed for 3D-MIMO. 
In this contribution, the CRS virtualization approaches for 3D-MIMO in both elevation and azimuth dimension are discussed.
2. CRS virtualization for 3D-MIMO
For discussion convenience, an 8-by-8 antenna element array is assumed for both phase 1 and phase 2. More number of antena element in vertical domain does not change the proposal in this contribution.

In phase 1, 8 vertical antenna elements are mapped to one TXRU and the 8 TXRU consistue a horizontal array; and in phase 2, the 8 vertical antenna element are mapped to multiple (2/4/8) TXRU and still 8 TXRU in horizontal domain. How to map multiple TXRU to 2 CRS port are discussed for vertical and horizontal domain, respectively.
2.1. CRS virtualization in elevation dimension

For phase 1 study, DFT vector could be used to map the elevation antenna elements into one antenna port, despite of the actual number of TXRUs. 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).
As shown in our companion paper on TXRU virtualization [3], how to virtualize 8 vertical antenna element to multiple TXRU needs further discussion. Therefore how to virtualize CRS in phase 2 may need further study. The most straightforward way is to apply DFT vector among TXRUs, but it might be also beneficial to consider other weights to ensure CRS coverage in elevation domain.
Proposal 1. 
· DFT method could be used for CRS virtualization in phase 1 study.

· CRS virtualization can be further discussed in phase 2 study, taking into account the future conclusions on TXRU virtualization,  and considering the need to ensure CRS coverage in elevation domain.
2.2. CRS virtualization in azimuth dimension

The typical 8 Tx antenna system are shown in Figure 1.
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Figure 1. 8 co-polarized antenna elements in TD-LTE network
CRS virtualization for the above 8 Tx system has been used in reality. It is possible to reuse such virtualization method to perform 3D-MIMO azimuth virtualization. There are mainly two approaches for CRS virtualization, and another simple method for CRS virtualization can be used in simulation.
Approach 1. 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.
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Figure 2. CRS virtualization approach 1

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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Approach 2. In order to avoid power loss of CRS virtualization, a no power loss beamforming method can be considered. This approach could fullfil:

1) The half-power bandwidth is 65 degrees.

2) No power loss.
i. e.g. The amplitude of every weighting value is one.
The method is to group the 8 cross-polarized antennas into two parts and each part has 4 antennas which are mapped into one CRS port, as shown in figure 3. The weighting vector for each CRS port could be [1 1 1 -1] and [1 1 -1 1], respectively.
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Figure 3. CRS virtualization approach 2

Precoding of CRS virtualization is defined by:
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Approach 3. In order to simplify the virtualization in simulation, the first antenna element in each polarization could be used as CRS antenna ports. This option just utilizes one element’s pattern gain, thus the CRS coverage will be affected. This method can only be used in simulation and not realistic. 
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Figure 4. CRS virtualization approach 3
Comparing the three approaches, approach 1 and 2 are more realistic but more complicated, and approach 3 is simple but not realistic. RAN1 may decide to use one of the three approaches for CRS virtualization and cell association.
Proposal 2. RAN1 decide to use one of the three approaches for CRS virtualization.
2.3. Antenna pattern
Assuming HPBW of each element is 65 degrees and pattern gain is 8 dBi as shown in Figure 5.
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Figure 5. Antenna pattern of one antenna element

Here, we assume the downtilt of antenna is 12 degrees, the combined array gain for CRS antenna ports with DFT-based elevation virtulization and azimuth virtulization approach 1 is depicted in Figure 6.
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Figure 6. the Combined Array Gain for CRS with DFT-based elevation virtulization and azimuth virtulization approach 1

Figure 7 shows the combined array gain for CRS antenna ports with DFT-based elevation virtulization and azimuth virtulization approach 2.
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Figure 7. the Combined Array Gain for CRS with DFT-based elevation virtulization and azimuth virtulization approach 2

3. Conclusion
In this contribution, the CRS virtualization approaches for both elevation and azimuth dimension applied in 3D-MIMO are discussed and following proposals are made.
Proposal 1. For CRS virtualization in elevation dimension
· DFT method could be used for CRS virtualization in phase 1 study.

· CRS virtualization can be further discussed in phase 2 study, taking into account the future conclusions on TXRU virtualization,  and considering the need to ensure CRS coverage in elevation domain.

Proposal 2. For CRS virtualization in azimuth dimension:

RAN1 decide to use one of the three approaches for CRS virtualization.

· Approach 1: one polarization corresponds to one CRS port

· Approach 2: two adjacent columns correspond to one CRS port

· Approach 2: the first antenna element correspond to one CRS port
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