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1 Introduction
It is well understood that FD/3D-MIMO technology can potentially create very narrow beams to send unicast data. As a result, the signal-to-interference ratio on the data channel can be maximized. However, it is less robust to transmit control channels over the narrow beam because errors in beamforming feedback can cause the loss of control channels such that the benefit of FD/3D-MIMO cannot be attained. Although DMRS-based EPDCCH transmission was defined in LTE Rel-11 supporting closed-loop MIMO operation on UE-specific search space (UESS) by localized EPDCCH set, the UE still needs to receive common search space from CRS/PDCCH. On the other hand, enabling FD-MIMO with UESS on CRS/PDCCH would also be highly benefitial because it maximizes the multi-user diversity by grouping Rel-8/9/10 UEs and Rel-11/12 UEs in MU-MIMO transmission. For the CRS/PDCCH, if eNB uses a fixed narrow beam pointing to the outter area of a cell, some UEs, e.g., those on a high floor of a nearby building, may not be able to receive the CRS/PDCCH. This prevents the eNB from sending data with accurate, high-gain beam to those UEs. In addition, CRS is not only for demodulating PDCCH but also for conducting RRM measurements. Therefore, it is desirable that the beam pattern for CRS is optimized for the eNB to perform FD/3D-MIMO transmission on PDSCH. This contribution investigates the beam design of CRS/PDCCH for FD/3D-MIMO technology to be applied to the PDSCH.
2 Problem Formulation
Figure 1 gives one example of conventional MIMO (left) and one example of 3D-MIMO (right). In a conventional MIMO system, the eNB is mainly optimized to serve UEs on the ground. In the vertical dimension, the same narrow beam is applied to both data and control. This vertical beam is usually pointing to the ground where most of the users are located. In the horizontal dimension, the narrow beam is only applied to data. Wide beam is applied to control to ensure its reliability in the targeted coverage area. However, in a 3D-MIMO system, the eNB needs to cover UEs both on the ground and on high floors. In order to achieve this target, the eNB uses different vertical beams to serve UEs at different heights. In order to ensure reliable decoding of PDCCH, using a fixed vertical narrow beam may be risky, especially for the UEs on the high floors. Therefore, the eNB may use a wide vertical beam for CRS/PDCCH transmission such that UEs at all heights are covered by the wide beam without coverage holes.Within the 3D coverage area of the CRS/PDCCH, the eNB can adjust the vertical narrow beam to send data to each UE .
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Vertical narrow beam for UE2's data


Figure 1: Conventional MIMO (left) versus 3D MIMO (right).
In the Phase II calibration of the 3D channel model [1], we have tested two configurations. In configuration 1, we map one antenna element to one antenna port. In configuration 2, we map 10 antenna elements to one antenna port using DFT vector. The vertical beam width for configuration 1 is much wider than that of configuration 2. However, if we use a non-DFT vector to form the beam pattern, we can also create one wide beam mapping 10 antenna elements to one antenna port. Figure 2 gives an example of a vertical wide beam with 10 antenna elements per antenna port (green curve). For comparison, we also plot the DFT-based narrow beam (red curve) and the wide beam with one antenna element per antenna port (blue curve). Comparing with the DFT-based narrow beam, the non-DFT based wide beam does not have nulls in the designed ZoD span. Therefore, it does not have coverage holes for CRS/PDCCH transmission in the vertical dimension.
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Figure 2: Vertical wide beam with 10 antenna elements per antenna port.

3 Simulation Results
In this section, we perform system level simulations to evaluate the performances of different CRS/PDCCH vertical beam widths. Different vertical beamwidths of CRS/PDCCH can lead to different cell association results. One UE may choose a far away eNB because it is in the coverage hole of a close-by eNB if a narrow vertical beam is used for CRS/PDCCH. In contrast, when a wide beam is used for CRS/PDCCH, the same UE will simply choose a close-by eNB as its serving eNB. Figure 3 gives one such example in the UMa scenario. In this example, UE 4 is on the fifth floor. It is closer to eNB 37 than eNB 47. If we use the DFT-based narrow beam for CRS, UE 4 is associated with eNB 47. On the contrary, if we use a wide beam to transmit CRS, UE 4 is associated with eNB 37.
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Figure 3: One example of cell association with wide/narrow beams for CRS.

Table 1 gives the system level simulation results for narrow/wide beam for CRS/PDCCH. For the data channel, we use FD-MIMO technology to create a very narrow beam for each UE. From the results, we observe that the cell association results play a significant role for the system throughput, especially for the cell edge throughput. The cell edge throughput is degraded by half when we use fixed narrow beams for CRS/PDCCH compared with wide beams. As we have shown in Figure 2, we can create wide beams even when we map 10 antenna elements to one single antenna port. While we can leave the detailed wide beam design for multiple antenna elements to implementation, we can simply use one antenna element to one antenna port mapping for cell association in the FD/3D-MIMO study for MU-MIMO transmission.
Table 1: System level results for narrow/wide beam CRS/PDCCH
	
	UMa
	UMi

	
	Cell Avg (bps/Hz)
	Cell Edge (bps/Hz)
	Cell Avg (bps/Hz)
	Cell Edge (bps/Hz)

	FD-MIMO,  wide beam CRS
	3.0 (100%)
	0.084 (100%)
	3.68 (100%)
	0.12 (100%)

	FD-MIMO,  narrow beam CRS
	2.8 (93%)
	0.043 (52%)
	3.41 (93%)
	0.053 (48%)


4 Conclusions

In this contribution, we have investigated the impact of the CRS/PDCCH vertical beam width on the system performance when FD/3D-MIMO is used for MU-MIMO based data transmission. We found that the vertical beam width of CRS/PDCCH has a significant impact on the system throughput. The coverage holes of CRS/PDCCH with a narrow vertical beam accounts for the degradation. We also give an example of designing a wide beam using 10 antenna elements. Compared with the DFT-based narrow beam, the wide beam does not have coverage holes on the designed ZoD span and makes the 3D coverage of the eNB to be more aligned with FD/3D-MIMO transmission of the PDSCH. While the design of wide beams using multiple antenna elements is up to the eNB implementation, we can simply use one antenna element to one antenna port mapping for cell associatin when studying MU-MIMO in FD/3D-MIMO.
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