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1. Introduction
In RAN1 #78bis meeting, details of the phased approach, which is suggested by the SID [1], have been discussed. The main goal of the phase one simulation is to obtain Rel-12 DL MIMO system performance using the latest 3D channel model [2]. In [3], we have provided system level evaluation results for the Rel-12 baseline system, a.k.a. phase one simulation results based on the newly agreed simulation assumption [4]. On the other hand, the main goal for phase two simulation is to evaluate the performance benefits of FD-MIMO/Elevation Beamforming(EF) techniques. Thus phase two study may include FD-MIMO/EF techniques which can either be standard-transparent or require standardization. Compared to the phase one, the simulation assumptions for phase two simulations are still widely open. For example antenna configuration for phase two study has not been finalized yet [5]. In this contribution, we give our view on the antenna configuration for the phase two study.
2 Antenna Configuration for Phase Two Study
In [6], one two dimensional antenna array has been defined using three parameters: N, M and P, which defines number of columns, number of rows and polarization types, respectively. For phase one simulation, (N, M, P) is equal to (4, 8, 2), which defines one 2D antenna array with 64 cross polarized antenna elements. For the same number of antenna elements, the selection of (N, M, P) can range from one column of antenna elements to one row of antenna elements [7]. Although it may not be necessary to study all combinations, having one FD-MIMO/EF design which can fit as many realistic (N, M, P) combinations as possible would still serve as one valid and important design goal. It would be unfortunate that the final FD-MIMO/EF design could only work for very few limited (N, M, P) configurations of one 2D antenna array, not to mention that there are other possible non 2D planar antenna configurations [8].

One important aspect to determine the realistic (N, M, P) combinations is to consider antenna size limitations in a real deployment. It is worth noting that (8, 8, 1) has been used in the past to study 8 TXRU co-polarized antenna for 2GHz carrier frequency. If we move to higher carrier frequency of 3.5GHz, the antenna array size would shrink to 57% of the same antenna array at 2GHz carrier frequency. Thus it should be feasible to have N=8 for 2GHz carrier frequency and N=16 for 3.5GHz carrier frequency.
As such we propose to study below N values for the phase two studies:

Proposal 1: At least increase N to 8 for 2GHz carrier frequency and 16 for 3.5GHz carrier frequency.
3 System Level Evaluations of Large N Value
3.1 Large N Value with Fixed Number of Antenna Elements
If we keep the same number of antenna elements, i.e. keep the same product of (N, M, P), the selection of N and M plays an essential tradeoff between azimuth beamforming and elevation beamforming. A large N value may result narrower azimuth beam width and better user separation in the azimuth dimension. On the contrary, a large M value may result narrower zenith beam width and better user separation in the zenith dimension.  In [7], we have illustrated that user separation in the zenith dimension is naturally more difficult than azimuth dimension due the relatively limited UE distribution range in the zenith dimension compared to the azimuth dimension. In other words, the selection of (N, M) values can be optimized for each scenario individually in order to maximize user separation and user throughput.
In order to study the tradeoff of azimuth beamforming and elevation beamforming, we studied different (N, M) combinations for the same number of antenna elements: N*M=32 for cross polarized antennas. We use FTP traffic model one to perform system level evaluations. Other simulation parameters also closely follow the definition in [4]. For CRS virtualization, we use K=1 vertical omni-beam. As shown in our companion paper [9], omni-beam based CRS virtualization solves the coverage mismatch problem if we implement FD-MIMO for PDSCH. For FD-MIMO techniques on PDSCH, we use sub-space based virtualization techniques to virtualize 64 antenna elements to 8 TXRU. More details can be found in our companion paper [10]. Such techniques offer system performance close to Eigen beamforming. Figure 1 presents the system throughput for (N=4, M=8), (N=8, M=4) and (N=16, M=2).
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Figure 1: FTP Throughput and Resource Utilization for UMa with 500m ISD, 3D UE dropping.
From the results shown in Figure 1, it can be observed that, in general, (N=8, M=4) and (N=16, M=2) have higher throughput and lower resource utilization than (N=4, M=8) in almost all tested FTP loads for all tested user throughput metrics. However, there are a few specific FTP loads in which (N=8, M=4) show better performance than (N=16, M=2). These results prove that with the same number of antenna elements and TXRUs, having more antennas per row has better performance than having more antennas per column because UEs separation can be achieved much easier by using azimuth beamforming comparing to elevation beamforming. Therefore, we have below observation:
Observation 1: For the same number of antenna elements and TXRUs in a given 2D array, having more antenna elements per row leads to higher system throughput than having more antenna elements per column in UMa scenario due to easier user separation in using azimuth beamforming than using elevation beamforming.
3.2 Large N Value with More Antenna Elements
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Figure 2: FTP Throughput and Resource Utilization for UMa with 200m ISD, 2GHz.
If we are allowed to increase the number of antenna elements beyond 64, we have two alternatives. In the first alternative we increase the number of antenna elements per column. By doing so, we increase the user separation capability using elevation beamforming by having a narrower beam in the zenith dimension. In the second alternative we increase the number of columns and increase the user separation capability using azimuth beamforming by having a narrower beam in the azimuth dimension. From the observation in section 3.1, we can infer that increasing the number of antenna elements per column can lead to higher system throughput in UMa scenario. From the results in Figure 2, we can observe that significant system throughput gain and reduced resource utilization can be obtained in all testing FTP loads in UMa scenario with 200m ISD. Hence, we have the second observation as below:
Observation 2: Increasing number of antenna elements by increasing number of columns leads to significant system throughput gain.
4 Conclusion
In this contribution, we have studied large 2D antenna arrays with more than four columns. As we discussed, for a fixed number of antenna elements, selection of 2D antenna array shape plays an essential role in system performance. Therefore, one has to find an optimum trade-off point for azimuth and elevation beamforming. On the other hand, increasing the number of antenna columns beyond four without changing the antenna height also leads to significant user throughput improvement. From the analysis and simulation results, we have below proposal and observations:
Proposal 1: At least increase N to 8 for 2GHz carrier frequency and 16 for 3.5GHz carrier frequency.

Observation 1: For the same number of antenna elements and TXRUs in a given 2D array, having more antenna elements per row leads to higher system throughput than having more antenna elements per column in UMa scenario due to easier user separation in using azimuth beamforming than using elevation beamforming.
Observation 2: Increasing number of antenna elements by increasing number of columns leads to significant system throughput gain.
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