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1 Introduction
In RAN#65, the study item of elevation beamforming and FD-MIMO for LTE was approved [1]. Compared with conventional MIMO schemes, the introduction of 2D antenna array makes it possible to fully exploit the degrees of freedom in the elevation dimension and enable eNB to adapt the beam pattern individually for UE in vertical direction.  Using a 2D antenna array, the elevation domain can be exploited either via some standard enhancements or in a standard-transparent manner.  The study item consists of two phases:

· Phase 1: Identify antenna configurations and evaluation scenarios, and evaluate the performance of Rel-12 downlink MIMO using 3D channel model with realistic non-full buffer traffic model.
· Phase 2: Study enhancements and assess the performance benefit of enhancements to the standard. Develop design principles for the identified techniques and identify potential specification impact.
In order to assess the performance benefit of standard enhancements in Phase 2, the baseline performance needs to be established.  In this contribution, we discuss some potential baseline schemes targeting 2D antenna array.
2   Discussion on baseline schemes
Choosing of baseline schemes is essential to the assessment of any standard enhancement.  In general, the baseline scheme should be a standard transparent scheme. The baseline scheme should provide the best performance with Rel-12 specifications. The performance benefit over the baseline performance under the same antenna configuration should be substantial to justify its required standard enhancement. 
Proposal 1: The performance comparison between the baseline scheme and any standard enhancement shall be done under the same antenna configuration.

The performance benefits of different numbers of TXRUs may also need to be compared to evaluate the need of any potential standard enhancement for large number of TXRUs. To this end, the baseline for different numbers of TXRUs shall be defined with the same antenna configuration to make a fair comparison.
Proposal 2: The baseline schemes for different TXRUs shall be defined with the same antenna configuration.
Rel-12 specification can only support up to 8 antenna ports. If an AAS has more than 8 TXRUs, the virtual sectorization using one or more beamformed CSI-RS resources with the same cell-ID can be adopted to exploit the elevation dimension. In each virtual sector, up to 8 antenna ports can be configured for CSI feedback. The virtualization can be done either in RF domain or in baseband. If the virtualization is in RF, the weight is fixed and not varying in time or frequency. If the virtualization is in baseline, the virtualization can be flexible such as adapting the virtualization weight in time or frequency based on traffic load in the cell. However, the dynamically varying the virtualization weights may have an impact on RRM/RLM and CSI measurement if UE is not informed with the changes. Therefore, we assume fixed virtualization weights for baseline schemes.  
Proposal 3: Fixed virtual sectorization using beamformed CSI-RS resources shall be considered as one baseline scheme for EBF/FD-MIMO.
In the following sections, we will discuss the baseline scheme for 16, 32 and 64 TXRUs based on the beamformed CSI-RS and the virtual sectorizations. 
For 16 TXRUs, the baseline scheme is

· Antenna/TXRU configuration: (M, N, P) = (8, 4, 2), TXRU virtualization based on full-connection
· Number of vertical sectors: 2
· Transmission model for a vertical sector: Rel-12 TM10 with 8 antenna ports

· CSI-RS to TXRU mapping: 1-to-1

· CRS to TXRU mapping: CRS port 0 is mapped to two vertical TXRUs of the first column per polarization through [1 1] / sqrt(2)
For 32 TXRUs, the baseline scheme is

· Antenna/TXRU configuration: (M, N, P) = (8, 4, 2), TXRU virtualization based on full-connection
· Number of vertical sectors: 4

· Transmission model for a vertical sector: Rel-12 TM10 with 8 antenna ports

· CSI-RS to TXRU mapping: 1-to-1

· CRS to TXRU mapping: CRS port 0 is mapped to four vertical TXRUs of the first column per polarization through [1 1 1 1] / sqrt(4)
For 64 TXRUs, the baseline scheme is

· Antenna/TXRU configuration: (M, N, P) = (8, 4, 2), TXRU virtualization based on full-connection
· Number of vertical sectors: 8

· Transmission model for a vertical sector: Rel-12 TM10 with 8 antenna ports

· CSI-RS to TXRU mapping: 1-to-1

· CRS to TXRU mapping: CRS port 0 is mapped to eight vertical TXRUs of the first column per polarization through [1 1 1 1 1 1 1 1] / sqrt(8)
3   Performance evaluation

To establish the baseline performance, system-level evaluation has been performed. We have simulated the baseline schemes for 16, 32 and 64 TXRUs virtualized from an (8, 4, 2) cross-polarization 2D antenna element array. The Rel-12 8TX codebook is used for CSI feedback. Single CSI feedback is assumed for all schemes. The selection of virtual sector for CSI feedback is based on the long-term CSI-RSRP. Impairment model is considered for CSI-RSRP. Other simulation assumptions follow the Phase 1 evaluation assumption.  The simulation results for 3D UMi are summarized in Table 3. 
Table 3.  Baseline performance in 3D-UMi, 200m ISD, 2GHz

	Baseline 
Scheme
	20% RU
	50% RU
	70% RU

	
	Load
	5% UPT
[Mbps]
	50% UPT 
[Mbps] 
	Mean UPT
[Mbps]
	Load
	5% UPT
[Mbps]
	50% UPT 
[Mbps] 
	Mean UPT
[Mbps]
	Load
	5% UPT
[Mbps]
	50% UPT 
[Mbps] 
	Mean UPT
[Mbps]

	16-TXRU
(84°, 96°)
	6.8
	12.23
	39.60
	40.51
	13.2
	4.0
	15.3
	21.6
	16
	2.65
	10.7
	16.36

	32-TXRU

(76°, 86°, 94°, 104°)
	7.6
	13.13
	43.01
	42.10
	14
	5.30
	20.12
	25.09
	17.2
	2.81
	11.15
	16.95

	64-TXRU

(74°, 79°, 83°, 88°, 92°, 97°, 101°, 106°)
	7.6
	13.20
	43.11
	42.32
	15
	5.35
	20.73
	25.61
	17.6
	2.93
	11.49
	17.28


4 Conclusions
In summary, we discuss baseline schemes for 16, 32, and 64 TXRUs.  We propose 
Proposal 1: The performance comparison between the baseline scheme and any standard enhancement shall be done under the same antenna configuration.

Proposal 2: The baseline schemes for different TXRUs shall be defined with the same antenna configuration.
Proposal 3: Fixed virtual sectorization using beamformed CSI-RS resources shall be considered as one baseline scheme for EBF/FD-MIMO.
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