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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 Potential 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.
In this section, we discuss potential baseline schemes for 8, 16, 32 and 64 TXRUs, respectively.
2.1 Baseline scheme for 8 TXRUs
In Rel-12, TM 10 supports up to 8 antenna ports.  The Rel-12 8TX codebook is optimized for cross-polarized linear antenna array.  Each antenna port is associated with a RF chain.  Using the active antenna system (AAS) terminology, each antenna port is connected to a transceiver unit (TXRU).  Each TXRU is virtualized by a column of co-polarized antenna elements in an M×N×P 2D antenna array, where (M, N, P) = (8, 4, 2).  As the baseline scheme shall provide the best performance without any specification change, Rel-12 TM10 with 8 antenna ports can be served as the baseline for 8 TXRUs.  
Proposal 3: For 8 TXRUs, the baseline scheme is

· Antenna/TXRU configuration: (M, N, P) = (8, 4, 2), (MTXRU, NTXRU, P) = (1, 4, 2)

· Transmission model: Rel-12 TM10 with 8 antenna ports

· CSI-RS to TXRU mapping: 1-to-1
· CRS to TXRU mapping: same as CSI-RS

2.2 Baseline scheme for 16, 32, and 64 TXRUs

Rel-12 specification can only support up to 8 antenna ports.  If an AAS has more than 8 TXRUs, it still can be used without any specification change.  As discussed in [2], CSI-RS virtualization is a standard transparent way to exploit the elevation dimension. As up to 8 antenna ports can be supported for CSI feedback in Rel-12, it is possible to use antenna port virtualization to map one CSI-RS port to multiple TXRUs. Different from TXRU virtualization, the port virtualization is done in the digital domain thus with more flexibility. For example, either 1D or 2D virtualization based on subarray partition model or full connection model can be used for TXRU to antenna port mapping. This antenna port virtualization is useful when the number of TXRUs is larger, e.g., 32 or 64. If the number of TXRUs is 16, we can divide the TXRUs into two groups each with 8 TXRUs. The TXRUs in the same group are configured with same vertical downtilt. Two TXRU groups use different downtilt. There is one to one mapping between CSI-RS port and TXRU, and therefore there are two CSI-RS port groups with different downtilt. 
Proposal 4: 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: CRS0 is mapped to two vertical TXRUs per polarization through [1 1]/sqrt(2)
Proposal 5: For 32 or 64 TXRUs, the baseline scheme is

· Antenna/TXRU configuration: (M, N, P) = (8, 4, 2), TXRU virtualization via sub-array with common downtilt
· Number of CSI-RS virtualization: 2
· Transmission model: Rel-12 TM10 with 8 antenna ports

· CSI-RS to TXRU mapping: 1-to-1
· CRS to TXRU mapping: CRS0 is transmitted through the 1st TXRU 

3 Baseline performance evaluation

To establish the baseline performance, system-level evaluation has been performed. We have simulated the baseline schemes for 8 and 16 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.  Other simulation assumptions follow the Phase 1 evaluation assumption.  FTP model 1 is adopted.  The simulation results are summarized in Table 3 and Table 4. 
Table 3.  Baseline performance in 3D-UMa, 200m ISD, 2GHz

	Baseline 
Scheme
	20% RU
	50% RU
	70% RU

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

	8-TXRU 
(Tilt 100°)
	9.93
	32.00
	36.31
	3.32
	15.64
	21.21
	1.71
	9.26
	14.40

	16-TXRU
(101°, 113°)
	13.55
	38.64
	39.63
	5.81
	20.33
	25.34
	2.83
	11.21
	17.46

	Gain
	36%
	21%
	9%
	75%
	30%
	19%
	65%
	21%
	21%


Table 4.  Baseline performance in 3D-UMi, 200m ISD, 2GHz

	Baseline 
Scheme
	20% RU
	50% RU
	70% RU

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

	8-TXRU 
(Tilt 100°)
	8.24
	29.48
	34.22
	3.13
	15.14
	20.49
	1.81
	8.97
	13.67

	16-TXRU
(84°, 96°)
	12.41
	37.03
	37.60
	5.21
	19.78
	24.79
	3.43
	13.67
	18.43

	Gain
	51%
	26%
	10%
	67%
	31%
	21%
	89%
	52%
	35%


4 Conclusions
In summary, we discuss baseline schemes for 8, 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 8, 16, 32, and 64 TXRUs shall be defined with the same antenna configuration.
Proposal 3: For 8 TXRUs, the baseline scheme is

· Antenna/TXRU configuration: (M, N, P) = (8, 4, 2), (MTXRU, NTXRU, P) = (1, 4, 2)

· Transmission model: Rel-12 TM10 with 8 antenna ports

· CSI-RS to TXRU mapping: 1-to-1
· CRS to TXRU mapping: same as CSI-RS

Proposal 4: 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: CRS0 is mapped to two vertical TXRUs per polarization through [1 1]/sqrt(2)
Proposal 5: For 32 or 64 TXRUs, the baseline scheme is

· Antenna/TXRU configuration: (M, N, P) = (8, 4, 2), TXRU virtualization via sub-array with common downtilt

· Number of CSI-RS virtualization: 2
· Transmission model: Rel-12 TM10 with 8 antenna ports

· CSI-RS to TXRU mapping: 1-to-1
· CRS to TXRU mapping: CRS0 is transmitted through the 1st TXRU 
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