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1. Introduction

At the RAN1 #78bis meeting, SI on elevation BF and FD-MIMO was initiated and there have been intensive discussions on the typical application scenarios, phase 1 performance evaluations and baseline technologies [1]. In the 3D MIMO study, eNB antenna configuration is enhanced compared to that on legacy MIMO technologies. More specifically, 3D MIMO assumes two dimensional array structure with maximum 64 TXRUs, whereas legacy MIMO basically assumes an operation with up to 8 TXRUs which are arranged in the horizontal domain. Compared to the legacy MIMO systems, the new 2D AAS provides several benefits. Firstly, the beamforming adaptation is available in the elevation dimension, in addition to the azimuth dimension supported by the legacy system. Secondly, with the increased number of TXRU, the beamforming gain is highly increased. 

In order to realize the benefits above, precoding scheme should be enhanced to in terms of (1) two dimensional support and (2) larger antenna support. In this contribution, we show some examples to achieve three dimensional beamforming schemes and evaluate to demonstrate the effectiveness of the proposed scheme.
2. 3D MIMO Precoding Schemes
2.1. General design principle
At the previous RAN1 meetings, details of eNB antenna structures and its priority were discussed. Eventually, the conclusion permits very high flexibility on the eNB antenna structure such as the number of antenna elements in horizontal and vertical domains and antenna virtualizations for TXRU, CRS and CSI-RS ports. For instance, there are diverse proposals on the number of antenna columns, i.e., N in a set of {1, 2, 4, 8 and 16}. Additional flexibility in the vertical domain shall also be considered, which is not in the case for the legacy MIMO studies in 3GPP. Considering the discussion above, Rel. 13 precoding scheme should be designed to be sufficiently flexible to easily support diverse eNB antenna structures. In addition, at the previous meetings, several typical application scenarios were identified for 3D MIMO. When 3D beamforming is applied in 3D-UMa scenario, vertical beam should be down-tilted, since UEs are deployed below eNB antenna. On the other hand, for 3D-UMi scenario, vertical beam can be up-tilted for UEs above eNB antennas. Furthermore, it is highly desirable if the vertical beam direction can be configured for every eNB, since vertical beam severely affects system-performance, i.e., due to the inter-cell interference and should be adjusted considering the deployment environment, e.g., UE distribution, location of eNB antenna and neighboring cells. In this sense, Rel. 13 precoding should realize flexible configuration of beam direction depending on the eNB deployment, especially for the vertical domain.
Proposal 1: Rel. 13 precoding scheme should be flexibly applicable to various eNB antenna configurations considered in this SI.
Proposal 2: Rel. 13 precoding should realize flexible configuration of beam direction depending on the eNB deployment, especially for the vertical domain.
2.2. Candidate precoding schemes
In the following, we summarize some candidates precoding schemes for the 2D antenna array.

· Separate horizontal  and vertical CSI processes with separate PMI feedback
In this scheme, two separate CSI processes are configured in order to acquire vertical and horizontal CSIs, i.e., one CSI process corresponds to vertical antenna ports and the other for horizontal antenna ports. It is considered that UE-specific tilting can be realized by applying DFT codebook for vertical CSI process. CQI and RI used for user scheduling are derived by combing the separate CSI feedbacks from the vertical and horizontal CSI processes. However estimation accuracy of 3D channel is unclear, since partial channel information is obtained by two independent CSI processes. In addition, this codebook-based scheme is not flexible enough, since beam direction is pre-determined by the codebook design. It was also shown that the performance gain from baseline scheme is limited based on the system-level simulation results [2].
· Beam selection

Fig 1 shows procedure of the beam selection scheme. In this method, precoded CSI-RSs (candidate beams) are transmitted by the eNB and the UE notifies preferred beam index(es) based on received RSs. This scheme allows higher flexibility on the direction of the candidate beams depending on deployment environment. For instance, for the 3D-UMa scenario, eNB can configure down-tilted beams as candidate beams in order to cover UEs below eNB antenna, whereas some up-tilted candidate beams can be configured for 3D-UMi scenario. In addition, this scheme doesn’t impose a strong assumption on the antenna configuration, unlike codebook based solutions, i.e., a codebook is applicable for specific number of antenna ports and optimized for specific antenna spacing.
Observation 1: Beam selection scheme achieves higher flexibility in terms of the deployment scenario and antenna configuration.
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Fig. 1. Beam selection scheme

· Precoded CSI-RS based PMI feedback
Fig. 2 shows procedure of the precoded CSI-RS based PMI feedback, which can be achieved by Rel. 12 technologies. In this scheme, eNB transmits multiple precoded CSI-RSs and UE feeds back preferred PMI(s). Considering that the current codebooks are designed for horizontal beamforming, it is straight forward that the precoded CSI-RSs are transmitted in vertical domain, i.e., multiple precoded CSI-RSs are transmitted with different tilting angle. This scheme achieves flexibility in terms of eNB antenna configuration and deployment scenario only for vertical domain. In the horizontal dimension, it mainly reuse the existing MIMO precoding framework, e.g., with codebook based PMI/CQI feedback. 
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Fig. 2. Precoded CSI-RS based PMI feedback
2.3. General Comparison
As discussed at the RAN1#79 meeting, the comparison of the MIMO transmission schemes shall not only rely on the performance, but also take into consideration of other impact factors, e.g. complexity, overhead, deployment flexibility. From realistic deployment point of view, we address the requirement of application flexibility, as analyzed in the previous section. Comparing the above candidate schemes, the separate vertical and horizontal PMI based feedback scheme and the precoded CSI-RS based PMI feedback scheme rely on the specific codebook design. This may pose certain constraints with respect to the deployment scenario and antenna configurations. For instance, if the antenna or TXRU number in either vertical dimension or horizontal dimension exceeds 8, a new codebook is needed.
In the overhead aspects, separate vertical and horizontal PMI based feedback scheme may need less DL CSI-RS, The beam selection can be implemented by using precoded CSI-RS and therefore has similar DL overhead as precoded CSI-RS based PMI feedback scheme. Both require larger CSI-RS overhead than the separate vertical and horizontal PMI based feedback scheme. 
From the performance point of view, beam selection scheme and the precoded CSI-RS based PMI feedback scheme provide UEs the possibility to select its preferred beam with joint consideration of vertical and horizontal dimension. In the separate vertical and horizontal PMI based feedback scheme, it is still an open issue how to derive the correct scheduling and link adaptation parameters based on independent vertical and horizontal dimension CSI feedback. Therefore, the beam selection scheme and the precoded CSI-RS based PMI feedback scheme are expected to deliver better performances. 
Observation 2: By jointly considering the performance, deployment flexibility and the overhead issues, it is preferred to choose beam selection based scheme for FD-MIMO.
3. Performance Benefit of Beam Selection Scheme
We provide an initial system-level simulation results in order to evaluate the effect of the precoded CSI-RS based beam selection scheme. Major evaluation assumptions are summarized in Table A. The evaluation is performed in 3D-UMi environment with the eNB antenna configuration (M, N, P) of (8, 4, 2). We parameterize the number of vertical beams as 2, 4 and 8, where vertical beams are semi-optimized for the environment. We also evaluate phase-1 performance, Rel. 12 MIMO performance, for comparison. The evaluation results are summarized in Table 1.
Table 1: Performance of beam selection schems
	Vertical beam selection scheme (64 TXRUs)
	Rel. 12 MIMO
(8 TXRUs)

	Number of vertical beams
	8 ([75:5:110])
	4 ([80:10:110])
	2 ([80, 100])
	

	Cell average
	3.34
(117%)
	3.34
(117%)
	3.28
(115%)
	2.85
(100%)

	5% UE
	0.076
(169%)
	0.066
(147%)
	0.048
(107%)
	0.045
(100%)


From the evaluation results, we observe followings.

Observation 3: Beam selection scheme achieves better performance when increasing the vertical candidate beam number, especially for the cell edge performance.
Proposal 3: Study the necessary standardization enhancement for beam selection based precoding scheme which can support higher flexibility in terms of the deployment scenario and antenna configuration.
4. Summary

In this contribution, we showed some examples to achieve three dimensional beamforming schemes and evaluate to demonstrate the effectiveness of the proposed scheme. Based on the discussion, we made the following observations and proposals.
Observation 1: Beam selection scheme achieves higher flexibility in terms of the deployment scenario and antenna configuration.
Observation 2: By jointly considering the performance, deployment flexibility and the overhead issues, it is preferred to choose beam selection based scheme for FD-MIMO.
Observation 3: Beam selection scheme achieves better performance when increasing the vertical candidate beam number, especially for the cell edge performance.

Proposal 1: Rel. 13 precoding scheme should be flexibly applicable to various eNB antenna configurations considered in this SI.

Proposal 2: Rel. 13 precoding should realize flexible configuration of beam direction depending on the eNB deployment, especially for the vertical domain.

Proposal 3: Study the necessary standardization enhancement for beam selection based precoding scheme which can support higher flexibility in terms of the deployment scenario and antenna configuration.
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Appendix
Table A: Evaluation assumptions
	Parameter
	Values

	Scenario / channel model
	3D-UMi (ISD: 200 m)

	Carrier frequency 
	2 GHz 

	System bandwidth
	10 MHz (50 RBs) 

	eNB antenna configurations
	(M, N, P) = (8, 4, 2), (dH, dV) = (0.5 , 0.8 ), θetilt = 100 deg.

	Total BS Tx power
	41 dBm

	UE antenna configurations
	2 X-pol (0 / 90 deg.)

	UE speed
	3 km/h

	Indoor UE ratio
	80 %

	MIMO scheme
	SU/MU-MIMO dynamic switching

	UE receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel. 12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel. 12 [71-12] assumptions

	Feedback scheme
	PUSCH FB mode 3-2 (for Rel. 12 evaluation)

	CSI-RS transmission interval /
CSI feedback interval
	10 ms

	Traffic model
	Full buffer 

	Scheduler
	Proportional fairness

	Control delay
	6 ms

	HARQ (round trip delay)
	Chase combining (8 ms)
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