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1. Introduction
The main aim of Phase2 calibrations is to ensure correct implementations of the full 3D channel model realizations including fast fading. In RAN1#74b, the simulation assumptions for Phase 2 calibration of 3D channel model were agreed as follows [1]:
Agreement:

· Phase 2 calibration details

· BS antenna configuration:

· Config 1: K=1, M=2, N=2, ULA, 0.5λ H/V  spacing

· Config 2: K=M=10, N=2, X-pol, 0.5λ H/V spacing with the antenna weights in the working assumption with θtilt = 12 degrees

· MS antenna configuration: 2 antennas with the same pol as BS

· System bandwidth: 10 MHz

· The following metrics for the serving cell are calibrated for each antenna configuration (collected over multiple runs)

· CDFs of ESD and ESA

· CDF of average wideband SINR before receiver (i.e., geometry) 

· CDF of largest (1st) singular value in PRBs at t=0

· CDF of smallest (2nd) singular value in PRBs at t=0

· CDF of the ratio between the largest singular value and the smallest singular value in PRBs at t=0

· Additional details 

· Dimension of the channel matrix: 

· 2 x (number of BS antenna ports)

· Singular value calculation

· Derived with channel matrices where antenna gain is applied but PL and shadowing are not modeled, 

· Singular values are calculated on a per PRB basis by 

· eig(∑HHH)/N , where the summation is across the PRB and N is number of subcarriers in the PRB
Based on these assumptions and taking into account the latest RAN1#75 decisions (including email discussions after) on 3D channel modeling, Phase2 calibrations are conducted. Please refer to our companion contribution [2] for the calibration results.
Distributions of the singular values are useful metrics that provide a general indication to the performance of MIMO system and thus good statistics to consider for Phase2 calibration. Given that the 3D channel model will be used in future study items, 3D-beamforming and FD-MIMO, considering some additional calibration statistics (metrics) related to 3D-beamforming and FD-MIMO techniques can help expedite these studies and can also provide some additional insights to the 3D-channel model behaviour.
It is expected that 3D-beamforming and FD-MIMO studies will focus on two dimensional port structures. From the configurations considered for Phase 2 calibrations, Config 1 (K=1, M=2, N=2, ULA, 0.5λ H/V spacing) has two dimensional port structure and thus suitable for calibration of the additional statistics.

In this contribution we discuss the details and motivation for additional Phase2 calibration statistics for Config 1 and also present the calibration results for these new statistics. 
2. 2D-DFT statistics
User specific 3D-beamforming is one of the potential use cases of 3D beamforming/FD-MIMO. For user specific 3D-beamforming, it is expected that using a PMI codebook designed to support the two dimensional port structure can provide performance benefits. 
Considering that the existing Rel-8/Rel-11/Rel-12 codebooks are “DFT-based” codebooks, it is expected that a codebook design based on 2 dimensional DFT (2D-DFT) can provide a useful extension to the existing codebook design to support the two dimensional port structure. 
Furthermore 2D-DFT can be considered to provide a 3D beam (/angular) domain transformation of the MIMO channel and thus it can be expected to expose any differences in the 3D-channel model implementations. 
So next we present a 2D-DFT based statistics that can be used to calibrate the 3D channel model.
We define the 2D-DFT matrix by
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 is an oversampled DFT matrix,
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Given the channel matrix 
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 (with dimension 2x4), we define the 
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 3D beam coefficients as,
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 represent the number of receive and number of transmit antennas respectively.
One of the statistics that can be considered for calibration is the CDF of the largest beam coefficient in PRBs at t=0 for the serving cell. This statistic is shown in Figure 1, for both 3D-UMi and 3D-UMa scenarios for
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. A higher c.d.f. value for 3D-UMa compared to 3D-UMi at coefficient of -10dB suggest that in 3D-UMa scenario the beam with the largest coefficient is able to capture more of the 3D channel path powers than in 3D-UMi scenario.
Another statistics that can be considered is the average beam coefficients in PRBs at t=0 for the serving cell. This statistic is shown in Figure 2, for 3D-UMi for different antenna port configurations for
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· UMi_0.5 is the antenna port configuration as in Config 1
· UMi_0.8 is the antenna port configuration as in Config 1 but with H/V spacing of 0.8λ
· UMi_1D is the antenna port configuration K=1, M=1, N=4, ULA, 0.5λ H  spacing
It can be seen that the average beam coefficients show distinct characteristics for different antenna configurations. To better understand the behaviour, the same data for UMi_0.5 is presented in Figure 3 using a 2D-beam index grid, where the beam indices from 0 to 255 are mapped to a 2D beam index grid (i.e. vertical indices of 0-15 and horizontal indices of 0-15). It can be seen that the beam index (0,0) has the largest average beam coefficient and the value of the average beam coefficient drops as the indices are at increasing “distance” from (0,0) index in either direction.
Then, we propose calibrating the following additional metrics for the serving cell for Config 1, collected over multiple runs
· CDF of largest beam coefficient in PRBs at t=0, with 
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· Average beam coefficients in PRBs at t=0, with 
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Proposal: It is proposed to include an additional metrics of “CDF of largest beam coefficient” and “Average beam coefficients” as described in Section 2.

3. Calibration results
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Figure 1: CDF of largest beam coefficient for Config-1.
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Figure 2: Average beam coefficients – 3D-UMi.
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Figure 3: Average beam coefficients for Config 1- 3D-UMi (0.5λ) in 3D.
4. Conclusion
In this contribution we evaluated an additional statistic that could be considered for Phase2 calibrations. This statistic is based on the 3D beam domain transformation of the channel and thus suitable for highlighting any differences in the 3D-channel model implementations.
Proposal: It is proposed to include an additional metrics of “CDF of largest beam coefficient” and “Average beam coefficients” as described in Section 2.
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