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1. Introduction
In this contribution, the initial field trial results of 3D-MIMO are provided and analyzed. Two kinds of prototypes are separately tested. One is with 64 antenna elements, each is connected with a transceiver. The 64 antenna elements are placed in rectangle shape with 8 in horizontal and 8 in vertical domain as illustrated in Figure 1(a). This prototype was tested in both anechoic chamber and a typical high-rise scenario. The other one is a prototype with 128 antenna elements and every two elements are connected with a transceiver. The 128 antenna elements are placed in rectangle shape with 16 in horizontal and 8 in vertical domain as illustrated in Figure 1(b). This prototype was tested in a typical high-rise scenario.
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Figure 1. 3D-MIMO prototypes(The left is the prototype with 64 antenna elements and 64 TXRU, and the right is the prototype with 128 antenna elements and 64 TXRU)
2. Field trial of the prototype with 64 antenna elements
2.1. Test in anechoic chamber
In order to test the performance in the anechoic chamber, the antenna is located in the center of the chamber, and the test instrument is located in front of the antennas. The antennas can rotated from -90o~90o in horizontal domain and -30o~30o in vertical domain, so as to simulate the different location of receiver. Since the horizontal beam pattern of 3D-MIMO with 64 antenna is the same as traditional 8 antennas, while with more degree of freedom in vertical domain, only the vertical domain beam patterns are provided in this paper.. 
The vertical beam pattern are tested by ways of broadcast weighting and DFT weighting. The broadcast weighting can be considered as the beampattern used for downlink transmission of broadcast information, e.g., downlink control information and common reference signal, etc. While the DFT weighting can be regarded as the beampatern used for downlink data transmission when the beamforming is chosen as DFT vectors.
· Vertical beam pattern with broadcast weighting
Figure 2 provides the beam pattern with broadcast weighting. The amplitude and phase of the weighting vector is carefully designed to cover wide range in vertical domain. From the results we can observe that the 3dB beamwidth of the vertical broadcast beam pattern is 52o, which can cover most of the vertical domain range considering typical building height.
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Figure 2. Vertical beam pattern with broadcast weighting
· Vertical beam pattern with DFT weighting
Figure 3 provides the beam pattern with DFT weighting, i.e., the kth element of the vector is
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where 
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N

 = 8 is the number of antennas in vertical domain, 
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 is the wave length, 
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 is the antenna element distance, and 
[image: image8.wmf]q

 is the desired beam direction in degree. The results show that the direction of beams can be adjusted as expected flexibly. Meanwhile, the sidelobe can also be suppressed, e.g., the suppression of sidelobe for beam direction of 0◦, 15◦ and 30◦ are 13dB, 9~10dB and 6dB, respectively.
[image: image9.emf]
Figure 3. Vertical beam pattern with DFT weighting
2.2. Field trial in high-rise scenario
· Measurement Setup
The measurement scenario is shown in Figure 4, where the traditional antenna and 3D-MIMO antennas with 6 degree downtilt are deployed on the top of an 8-floor building with the height of 23m, and a commercial UE is scattered in the different floors of the high-rise office building on the opposite side. The horizontal distance between the eNB and UE is about 80 m, as illustrated in Figure 5. Both the coverage and throughput of the traditional 2D antenna and 3D-MIMO are compared through this trial.
[image: image10.emf]
Figure 4. Test environment in an typical high-rise scenario that located in China Mobile, Beijing , China
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Figure 5. The relative location of eNB and UE
In order to guarantee the fairness, the transmit power of both eNBs are set at the same value. Since 3D-MIMO has 64 transceivers and the traditional 2D-MIMO only has 8, the transmit power of each transceiver in 3D-MIMO is 1/8 compared to that of traditional 2D-MIMO. The carrier frequency used for test is 2615MHz-2635MHz. The trial is based on commercial TD-LTE systems and is configured with UL-DL configuration 2. The MIMO transmission mode 8 with single rank is configured for the test UE.
· Measurement Approach
UE is located in different floors (2nd, 8th, 13th and 21st floor) during the measurement. In each floor, two typical locations with obstacles occlusion are chosen for measurement. In each location, the performance of both traditional 2D and 3D-MIMO are measured for 3 minutes. The final results of each floor are averaged.
· Measurement Results
The test results in terms of data rate for both traditional 2D-MIMO and the 3D-MIMO with 64 antenna elements are shown in Figure 6. From the measurement results we can observe that 3D-MIMO can significantly improve the throughput of higher floors (13th and 21st floor), e.g., 3D-MIMO can achieve 23Mbps and 21Mbps when UE is located at 13th and 21st floor, while 2D MIMO only can provide 8Mbps and 5Mbps, respectively. The performance gain of 3D-MIMO comes from its capability of elevation beamforming. In the lower floors, both antennas have the similar performance, e.g., 3D-MIMO provides 17Mbps and 37Mbps, and 2D MIMO offer 22Mbps and 33Mbps when UE is located at 2nd and 8th floor.
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Figure 6. Performance comparison of traditional 2D-MIMO with 8 transceivers and 3D-MIMO with 64 antenna elements and 64 transceivers
3. Field trial of the prototype with 128 antenna elements
· Measurement Setup
The 3D-MIMO prototype with 128 antenna elements was tested in another high-rise scenario, which is shown in Figure 7. The traditional antenna and 3D-MIMO antennas with 6 degree downtilt are deployed on the top of an 5-floor building, and a commercial model R8 compatible UE is located in the 5th and 35th floor of the high-rise office building on the opposite side. The horizontal distance between the eNB and UE is about 100 m. 
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Figure 7. The mesurement scenario of 3D-MIMO prototype with 128 antenna elements
· Measurement Approach
UE is located in different floors (5th and 35th floor) during the measurement, and two typical kinds of locations are chosen for measurement in each floor: locations near the window and locations with obstacles occlusion. In each kind of location, the performance of both traditional 2D and 3D-MIMO are measured.
· Measurement Results
The test results in terms of data rate for both traditional 2D-MIMO and 3D-MIMO with 128 antenna elements are shown in Figure 8. From the measurement results we can observe that 3D-MIMO can significantly improve the throughput, especially for higher floors, e.g., 3D-MIMO can achieve 31.9Mbps when UE is near the window and 15.4Mbps UE is blocked at 35th floor, while 2D MIMO only can provide 8.7Mbps and 6.3Mbps, respectively. In the lower floors, the gain is smaller, e.g., 3D-MIMO provides 44.6Mbps and 32.3Mbps, and 2D-MIMO offer 44.8Mbps and 21.2Mbps when UE is located at5th floor.
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Figure 8. Performance comparison of traditional 2D-MIMO with 8 transceivers and 3D-MIMO with 128 antenna elements and 64 transceivers
4. Conclusion
In this contribution, the initial testing results of 3D-MIMO prototypes with 64 and 128 antenna elements in a typical high-rise scenario are presented. The results show that 3D-MIMO can significantly improve the data rate of UEs located at higher floors.
Further field trials will evaluate MU-MIMO performance. Multi-cell environment field trial will be carried out after MU-MIMO performance trial.
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