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1. Introduction
In RAN#68 meeting, the FD MIMO WI was approved and one of the objectives is to define codebooks for 2D antenna array as follows [1]:
· Specify enhancements on CSI reporting in the following areas

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

As mentioned above, whether to design a new codebook for 8 CSI-RS ports depends on the performance. In our companion contribution [2], a parameterized dual-stage codebook structure has been discussed, which is applicable to 8 ports layout. As another option, the Class B CSI reporting scheme [3] could also be employed to support 8 CSI-RS ports. In this contribution, we compare the system performance of these schemes and provide our view on the new codebook design for 8 CSI-RS ports. 
2. Options for 8Tx CSI-RS Ports
For the 2D antenna array configuration with cross-poles, the 2D 8 antenna ports could be arranged as 2x2 port layout per polarization. With different port index orders, Figure 1 shows two antenna structures corresponding to the row-wise index and the column-wise index respectively.
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(a) row-wise index                        (b) column-wise index
Figure 1: 2D 8 antenna ports configurations
Current Rel-10 8Tx codebook is intended for the 1D antenna port layout. To support 2x2 port layout, either row-wise index mapping or column-wise index mapping could be used for the 8Tx codebook. Since the vertical dimension properties are not considered, the legacy codebook may not provide adequate channel quantifications. 

In [2], a parameterized dual-stage codebook is proposed to handle various antenna port layouts. The new codebook belongs to the Kronecker Product type. And a set of parameter values could be configured according to the practical antenna array deployment. Assuming 
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 correspond to the horizontal and the vertical dimension respectively, the following parameter configuration given in Table I is selected for the 8 CSI-RS ports. With this configuration, the new codebook has the same 
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 sizes as those of Rel-10 8Tx codebook. 
Table I: Parameterized codebook configuration
	
	Antenna port
number
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In addition, the class B CSI reporting scheme is considered here as an option to support the 2D 8 CSI-RS ports. For the 2x2 antenna port layout, the Rel-12 4Tx codebook is used in the horizontal dimension. And 8 beams are generated by the DFT vectors which are arranged evenly in the vertical domain. These beams are designed to match the vertical UE distribution. Table II shows the details of the 8 beam directions.
Table II: Down tilt values of CSI-RS beams
	Number of CSI-RS beams
	Down tilt values for 3D-UMi (degree)
	Down tilt values for 3D-UMa/3D-UMa-200m (degree)

	N = 8 beams
	75.5, 82.8, 86.4, 90, 93.6, 97.2, 100.8, 108.2
	90, 93.6, 97.2, 100.8, 104.5, 108.2, 112, 115.9


3. Performance evaluation

In this section, we compare the system performance of the above discussed schemes by simulations. A (M,N,P,Q)=(8,2,2,8) antenna array is assumed to be employed at eNB. The subarray TXRU virtualization is used where each port is associated with four adjacent antenna elements in the vertical dimension per polarization. Table III depicts the FTP traffic performance with 3D-UMa, 3D-UMi and 3D-UMa with ISD=200m scenarios. The user arrival rate is 
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. Note for legacy Rel-10 8Tx codebook, the row-wise index mapping option is adopted. The detailed simulation parameters are given in the appendix Table A1.
Table III: Performance comparisons for 8Tx CSI-RS ports
	Scenarios / Options
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	Rel-10 8Tx

codebook
	2.06 
	0.0%
	9.80 
	0.0%
	14.06 
	0.0%
	70%

	
	Parameterized

codebook
	2.57 
	25.2%
	11.12 
	13.5%
	15.28 
	8.6%
	67%

	
	Class B scheme
	3.12 
	51.8%
	12.32 
	25.7%
	16.27 
	15.7%
	64%

	3D-UMi
	Rel-10 8Tx

codebook
	3.05 
	0.0%
	13.09 
	0.0%
	17.58 
	0.0%
	63%

	
	Parameterized

codebook
	3.61 
	18.2%
	14.67 
	12.1%
	18.91 
	7.6%
	60%

	
	Class B scheme
	3.97 
	30.1%
	15.99 
	22.2%
	19.85 
	12.9%
	57%

	3D-UMa

(200m)
	Rel-10 8Tx

codebook
	2.70 
	0.0%
	11.42 
	0.0%
	15.03 
	0.0%
	66%

	
	Parameterized

codebook
	2.82 
	4.6%
	12.27 
	7.4%
	15.68 
	4.3%
	65%

	
	Class B scheme
	3.21 
	19.1%
	13.20 
	15.6%
	16.54 
	10.0%
	62%


Based on the simulation results, with the same codebook size, the new parameterized codebook provides up to 25% cell edge performance gain toward the legacy 8Tx codebook. However the class B CSI reporting scheme achieves further about 10% cell average gain and about 12%~25% cell edge gain, despite larger CSI-RS overhead. 
As a conclusion, from system performance perspective, reusing legacy Rel-12 4Tx codebook with class B CSI (beamformed CSI-RS) seems more attractive than introducing a new 8Tx codebook.
Proposal: 
Employ the class B CSI reporting scheme with the legacy 4Tx codebook.
4. Conclusions
In this contribution, we discuss the codebook for 2D antenna arrays for support of 8 CSI-RS ports. Compared with the legacy Rel-10 8Tx codebook, the parameterized codebook configured for the 8 CSI-RS ports and the class B CSI reporting scheme with 4 CSI-RS ports per vertical beam are both evaluated. Based on the simulation results, the parameterized codebook outperforms the legacy codebook. However the class B CSI reporting scheme achieves even better performance. Considering the system performance, we propose
Proposal: 

Employ the class B CSI reporting scheme with the legacy codebook.
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Appendix

Table A1: Simulation assumptions

	Parameter
	Value

	Antenna configuration
	Horizontal: X-pol (+/-45),  0.5λ space
Vertical: 0.8λ space
 (M,N,P,Q)=(8,2,2,8)

	Scenario
	3D-UMa with 500m ISD, 3D-UMi with 200m ISD and 3D-UMa with 200m ISD

	Down-tilt
	3D-UMa 500m: 100 degree

3D-UMa 200m: 104 degree

3D-UMi 200m: 100 degree

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	FTP traffic model 1, lamda=4

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

Realistic interference estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	CSI feedback
	PUSCH 3-2

	
	CQI, PMI reporting triggered per 10ms

RI triggered per 120ms

BI triggered per 120ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB











_1503926866.unknown

_1504190895.unknown

_1504190912.unknown

_1504190929.unknown

_1504190876.unknown

_1503926492.unknown

_1503926812.unknown

_1503923782.unknown

_1503926457.unknown

_1503923761.unknown

_1500554970.unknown

