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1. Introduction

At the RAN1 #78 meeting, the phase-1/2 channel and the baseline performance calibrations for the 3D channel model had been conducted. Calibration results are summarized in [1]. At the RAN #65 meeting, a new study item [2], i.e., Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE has been approved. One of the targets of this study item is to identify the enhanced reference signal, codebook and feedback schemes in order to exploit the benefit of elevation beamforming and FD-MIMO. In this contribution, we evaluate a separate vertical and horizontal precoding scheme, which enables 3D beamforming with feasible feedback bits. Initial evaluation results are obtained to demonstrate the effectiveness of the proposed scheme. This is a resubmission of [3].
2. Separate Vertical and Horizontal Precoding Scheme

With the possible extension of the eNB antenna configuration with the number of TXRU of 16, 32 or 64 as proposed in [2], it is desired to design the precoding and the feedback schemes so that the following factors do not increase drastically:

· RS overhead in DL;
· Feedback overhead in UL;
· UE processing complexity.
Considering the specific plarnar antenna array structure studied in [1], we consider to separate the processing of the vertical and horizontal dimension. More specifically, a vertical precoding is chosen from a codebook, e.g., DFT codebook to adapt to the channel between the vertical subarray of the eNB and the antenna array of the UE. If a DFT codebook is used, then by applying a seleted entry, e.g., an Mx1 vector from the DFT codebook to each vertical subarray, an electrical tilting is effectively applied. Therefore, the DFT codebook represents a set of candidated tilting angles to be applied to the eNB antenna array. After applying the Mx1 vertical beamforming to all vertical subarrrays, the original antenna array is turned to a 1D 1xNxP horizontal array, as illustrated in Figure 2. Then the horizontal precoding could be based on the legacy precoding schemes. For example, PMI feedback based precoding schemes can be used. For the virtual 1D antenna araray of 1x4x2 case, Rel-10 PMI feedback based on Rel-10 codebook can be applied. The RI and the CQI can also be derived. It is noticed that the separate vertical and horizontal precoding can be carried out in different forms, e.g., via precoded RS or separate PMI selection and feedback. 
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Figure 2: Illustration of vertical precoding resulting in virtual 1D antenna array, which can apply the horizontal precoding with legacy schemes.
3. Evaluation Results
In the evaluation, we consider the UMi deployment scenario with 3.5GHz carrirer frequency. Our intension is to emulate the higher frequency small cell scenario by reusing the regular 19-site deployment assumption. The following MIMO schemes are considered for the fixed 4x4x2 eNB antenna array, where the MxNxP notation is introduced in [4] and means 4 antenna elements in elevation and 4 elements in azimuth with cross-polarized placement:

· Legacy MIMO scheme which contains 8 antenna ports. Complex weights are applied to each vertical subarray to realized a fixed 12 degree down-tilting. Therefore, there is only 1 antenna port in the vertical dimension, which results in an equivalent 1D 8 antenna horizontal antenna array. LTE Rel-10 8 TX codebook is applied for the PMI feedback.
· 3D MIMO scheme with 32 antenna ports (4x4x2 structure), which applies the separate vertical and horizontal precoding scheme described in the previous section. The MIMO precoding is realized by combing a Mx1 vertical precoding vector with a (NxP)xL horizontal precoding matrix where L is the layer number.
For both legacy and 3D MIMO schemes, we consider the SU transmission schemes as well as SU/MU switching transmission schemes:
· The legacy MIMO schemes use the feedback PMI to precode the transmission layers. The PMI selection is based on the Rel-10 8-TX codebook.
· The 3D MIMO schemes use the combined vertical precoder and the horizontal precoder. The vertical precoder is selected from a DFT codebook which correpsonding to the elevation angle of {72, 78, 84, 90, 96, 102, 108, 114} degrees. The horizontal precoder is also selected from the Rel-10 8 TX codebook.
For SU/MU transmission, maximally 4 UEs can be multiplexed in the same RB resources, where each UE has a rank-1 transmission. For MU transmission, block diagoanlization criterion to maximize the sum user throughput is appied for user pairing and precoder calculation. Other evaluation parameters and settings follow the 3D channel model specified in [1]. Key parameter values are summarized in Table A in Appendix. The evaluation results are summarized in Table 1 and Table 2 for UE 2-RX antenna and 4-RX antenna cases respectively.
Table 1. Cell Average and 5 % UE SE for MIMO Schemes (UE 2-RX antenna)
	MIMO Schemes
	Legacy MIMO
	Separate precoding

	Spectrum efficiency

[bits/s/Hz]
	SU
	Average
	2.4823 (100%)
	2.6373 (106.2%)

	
	
	5% UE
	0.0638 (100%)
	0.0740 (116.0%)

	
	SU/MU
	Average
	2.8156 (100%)
	3.0637 (108.8%)

	
	
	5% UE
	0.0661 (100%)
	0.7812 (118.2%)


Table 2. Cell Average and 5 % UE SE for MIMO Schemes (UE 4-RX antenna)
	MIMO Schemes
	Legacy MIMO
	Separate precoding

	Spectrum efficiency

[bits/s/Hz]
	SU
	Average
	3.8337 (100%)
	4.1026 (107.0%)

	
	
	5% UE
	0.1047 (100%)
	0.1235 (118.0%)

	
	SU/MU
	Average
	4.0551 (100%)
	4.3331 (106.9%)

	
	
	5% UE
	0.1159 (100%)
	0.1338 (115.4%)


From the evaluation results, the following observations can be made.
Observation 1: With separate vertical and horizontal precoding based 3D MIMO transmission scheme, system spectrum efficiency performanceimproved, sepecially for the cell-edge. 
Observation 2: With  a realistic implementation and by manipulating the vertical beamforming, more than 15% performance gain can be achieved in cell edge for both SU and SU/MU transmission modes and more than 5% performance gain can be achieved in cell average.
The proposed separate vertical and horizontal precoding based 3D MIMO transmission scheme achieves the performance gain over legacy MIMO transmission schemes, i.e., the SU transmission or the SU/MU transmission. The maximum transmission layer number per UE and the maximally paired UE number is comparable with the legacy MIMO scheme. 
4. Summary

In this contribution, we present the initial evaluation results of a realistic 3D MIMO scheme which is based on the separate vertical and horizontal precoding. System level evaluation is performed to identify the performance advantage of the proposed 3D MIMO scheme over the legacy MIMO scheme assuming the same antenna array structure. Based on the evaluation results, we have the following observations:
Observation 1: With separate vertical and horizontal precoding based 3D MIMO transmission scheme, system spectrum efficiency performanceimproved, sepecially for the cell-edge. 
Observation 2: With  a realistic implementation and by manipulating the vertical beamforming, more than 15% performance gain can be achieved in cell edge for both SU and SU/MU transmission modes and more than 5% performance gain can be achieved in cell average.
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Appendix
Table A: Baseline Evaluation Assumptions

	Parameter
	Values

	Deployment Scenario
	3D-UMi

	Network layout
	19 hexagonal cells with wrap around

	System bandwidth
	10MHz (50RBs) 

	UE/BS antenna array structure
	2D planar, cross-polarized (MxNxP)

	BS antenna array configuration
	X-pol (+/-45), 0.5λ H/V, antenna port mapping 1≤K≤M, θetilt = 102 degs. for K>1

	UE antenna array configuration
	X-pol (0/+90), 0.5λ H/V

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency 
	3.5GHz 

	Duplex
	FDD

	Network sync
	Synchronized

	Number of UEs per cell
	10

	UE distribution 
	Table 6-1 [1]

	UE speed
	3km/h

	Polarized antenna modelling
	Model-1 [1]

	UE array orientation
	ΩUT,a  uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern =1

	Wrapping method
	Geographical distance based

	Cluster elimination step 6
	Scaling factor not changed after cluster elimination

	Handover margin
	0 dB

	Traffic model
	Full-buffer

	Scheduler
	PF, subband scheduling

	Receiver
	MMSE-IRC receiver

	Interference estimation
	Interference estimation using IMR

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback
	PUSCH 3-2
CQI and PMI reporting triggered per 5ms 
Feedback delay is 5ms

	Overhead
	3 symbols for DL CCHs, 4 CRS ports and DM-RS with 12 REs per PRB

	Transmission scheme
	SU-MIMO with rank adaptation
SU/MU switching (for MU, maximally 4 UE per RB, rank=1 per UE)

	Metrics
	Cell average SE
5% cell-edge SE
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