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1. Introduction

As one of objectives of EBF/FD MIMO in [1], RAN1 will discuss how to  

· 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. 

In this contribution, we discussed about the codebook design for specific antenna configurations.
2. Design Guideline

A particular dual-stage feedback structure of interest in [2] may represent the majority of design candidates: each precoding matrix or vector within a codebook for CSI reporting can be described as W = W1W2 where W is used as a downlink transmission hypothesis for CSI reporting at a UE. 
Kronecker Product (KP) type codebook: In this example, the precoding matrix W is extended from Rel.10/12 to support 2-D array where W1 can be described as follows: 
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Here ( denotes the Kronecker product and two sub-matrices represent two polarization groups. The columns of 
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 are taken from a DFT matrix. W1 targets wideband/long-term channel properties including horizontal and vertical dimension, and W2 targets frequency-selective/short-term channel properties, respectively. Each of the components is assigned a codebook. Hence, two distinct codebooks are needed. The choice of W1 and W2 are indicated via PMI1 and PMI2.
Following guidelines are adopted in our proposed design for 2D codebook in 3D MIMO channels:

1. The design is aimed for only one antenna setup and spatial channel conditions

a) Dual-polarized elements with 
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 spacing between antenna columns

b) 
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 spacing between antenna rows
c) Antenna configuration (M,N,P,Q) for 16 CSI-RS ports is (8,4,2,16)/(8,2,2,16); for 12 CSI-RS ports is (8,3,2,12)/(9,2,2,12); for 8 CSI-RS  ports is (8,2,2,8)
2. Unitary precoder (the column vectors of a precoder matrix must be pair-wise orthogonal to one another), for maintaining constraint average transmitted power. This constraint is also used in designing the codebook at least for some relevant ranks.
3. Constant modulus for W: all elements in a precoding matrix have the same magnitude. This is important to facilitate power amplifier balance property in all scenarios. 
3. Generic Codebook Structure

In W1, a number of columns for each antenna polarization are formed by 
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, respectively. The 2D active antenna array (V2H4P2) with numbering is shown in Fig. 1(a) with horizontal beam group matrix in front of vertical one. If the numbering is defined as shown in Fig. 1(b), the W1 should be rewrite as the following:
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Proposal #1: To align the codebook design and apply PMI to proper antenna ports, we should clarify CSI-RS antenna port numbering.
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Figure. 1 Illustration of antenna port numbering
The concept of Kronecker product has several variations to perform the combination of vertical beam group and horizontal beam group. The original Kronecker product concept is element wise product. If there are 
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, then the number of combined 3D beam will be 
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, which will directly affect the size of short term codebook, since short term codebook perform dynamic column selection. In order to perform more precise control on the number of combined 3D beam in long term codebook, we propose to replace the original Kronecker product concept with column-wise Kronecker product. 
Assuming 
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 for another antenna polarization. The long term precoder W1 can be expressed as below,
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Proposal #2: Using column-wise Kronecker product instead of original Kronecker product in W1.
3.1. Design of horizontal beam set 
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For 2 columns and 4 columns dual polarization 2D antenna configuration, the horizontal beam set may reuse Rel-10 4 Tx and 8 Tx antenna codebook with truncation.
For 3 columns dual polarization 2D antenna configuration, new codebook is required. We propose following design for 6 horizontal antenna ports configuration:
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Here, Nb denotes the number of adjacent horizontal beams contained in each beam group, Nb and No controls the number of non-overlapped beams between adjacent beam groups. N is total beam number in beam set BH, n denotes beam index and m denotes horizontal antenna port index.
3.2. Design of vertical beam set 
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For vertical beam set, the candidate beams are defined as the following:
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where 
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 corresponding to the vertical codebook design principle. If vertical beams is selected from DFT oversampled matrix, 
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. If vertical beams is formed by different vertical beam downtilt, 
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 denotes the vertical antenna spacing, which is considered to be 0.8 wavelength for Macro cell, and 0.5 wavelength for small cell. 
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  denotes wavelength of carrier frequency. 
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 denotes the downtilt for n’-th beam in BV.
Here, the Nb’ denotes the number of adjacent vertical beams contained in each beam group, Nb’ and No’  controls the number of non-overlapped beams between adjacent beam groups. N’ is total beam number in beam set BV, n’ denotes beam index and m’ denotes vertical antenna port index.
3.3. Design of short-term feedback W2
Short-term codebook is designed with column selection for different antenna polarizations and co-phasing. The rank 1 and rank 2 short term precoder can be represented as follows,
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where  ei denotes a vector having 1 at i-th element and zeros otherwise, this vector here means the i-th column of 
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 in W1 is selected by short term feedback. ej denotes a vector having 1 at j-th element and zeros otherwise, this vector here means the j-th column of 
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 in W1 is selected by short term feedback. ei’ and ej’ are same define to ei and ej but for second rank. The size of the column selection vectors corresponds to the number of columns in the beam group in W1 for each polarization. 
For co-phasing part, 
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 denotes the co-phasing. 
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 denotes the index of candidate co-phasing factor set , which can be expressed as below,
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4. Performance Evaluation

As a verification of system performance, we provide non-full buffer system performance of FDD system with proposed codebook structure under the same system configurations. Unless it is stated, SU/MU MIMO dynamic switching scheme is adopted, FDD system is assumed for all cases below, and PMI1 feedback which indicates the selection from W1 codebook is long term and wideband every 100 TTIs. We use both 8 Tx LTE codebook and designed codebook in above sections to verify whether new codebook can performance better. 
For V2H4 new codebook, we reuse existing R12 4 Tx codebook as horizontal beam set, and 4 beams in each beam group. We assume 2 beams in vertical beam set, and only 1 beam in each beam group. The short term codebook W2 follows the R12 4 Tx codebook design, and the long term codebook W1 can be described as below: 
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For V2H8 codebook, we reuse existing R10 8 Tx codebook as horizontal beam set, and 4 beams in each beam group. We assume 2 beams in vertical beam set, and only 1 beam in each beam group.  The short term codebook W2 follows the R10 8 Tx codebook design, and the long term codebook W1 can be described as below:
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For V2H6 codebook, we use aforementioned method to design the horizontal beam set and beam group. We assume 24 beams in the beam set, and 4 beams in each beam group, 2 of them are overlapped with adjacent beam group. We assume 2 beams in vertical beam set, and only 1 beam in each beam group. The short term codebook and long term codebook can be described as below: 
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For V3H4 codebook, we reuse existing Rel-12 4 Tx codebook as horizontal beam set, and 4 beams in each beam group. We assume 4 beams in vertical beam set, and only 1 beam in each beam group. The short term codebook W2 follows the R12 4 Tx codebook design, and the long term codebook W1 can be described as below:
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For V4H4 codebook, we reuse existing Rel-12 4 Tx codebook as horizontal beam set, and 4 beams in each beam group. We assume 4 beams in vertical beam set, and only 1 beam in each beam group. The short term codebook W2 follows the R12 4 Tx codebook design, and the long term codebook W1 can be described as below: 
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The overhead of each codebook for different antenna configurations and simulation results are  summarized in Table 1
Table 1.  Non-full Buffer Performance of precoded CSI-RS with codebook design schemes

	Scenario
	Antenna Configuration
(M,N,P,Q)
	RU & Performance
	

	
	
	Overhead
	Resulting RU
	5% UPT
	Mean

	3D-UMi, 200m/2GHz
	(8,2,2,8) with 8Tx CB
V2H4P2
	W1: 4 bits

W2: 4 bits
	28.44%
	8.89
(0%)
	25.91
(0%)

	
	 (8,2,2,8)
V2H4P2 
	W1: 5 bits

W2: 4 bits
	32.25%
	7.27

 (-18.23%)
	23.24
(-10.30%)

	
	(9,2,2,12)
V3H4P2
	W1: 6 bits

W2: 4 bits
	28.51%
	10.06

(13.16%)
	29.77

(14.90%)

	
	(8,3,2,12)
V2H6P2
	W1: 5 bits

W2: 4 bits
	25.89%
	10.32

(16.09%)
	29.79

(14.97%)

	
	(8,2,2,16)
V4H4P2
	W1: 6 bits

W2: 4 bits
	29.18%
	11.43

(28.57%)
	29.62

(14.32%)

	
	(8,4,2,16)
V2H8P2
	W1: 5 bits

W2: 4 bits
	23.73%
	11.57

(30.15%)
	33.71

(30.11%)


Observation 1: The performance of V2H4 codebook with vertical beam set and conventional 4 Tx beam set performs worse than that with LTE 8 Tx codebook. By comparing different antenna configurations, the vertical codebook design with 
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 may play an important role and needs to be further optimized.
Observation 2: The system performance benefits from the codebook design with increasing number of antenna ports, whilst without increasing the short-term feedback overhead.
5. Conclusion
In this paper, we provide the framework of 3D codebook design based on our preliminary observations from the 3D MIMO study. Our proposals can be summarized as below:

Proposal #1: To align the codebook design and apply PMI to proper antenna ports, we should clarify CSI-RS antenna port numbering.
Proposal #2: Using column-wise Kronecker product instead of original Kronecker product in W1.
Observation 1: The performance of V2H4 codebook with vertical beam set and conventional 4 Tx beam set performs worse than that with LTE 8 Tx codebook. By comparing different antenna configurations, the vertical codebook design with 
[image: image45.wmf]D

 may play an important role and needs to be further optimized.
Observation 2: The system performance benefits from the codebook design with increasing number of antenna ports, whilst without increasing the short-term feedback overhead.
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Appendix: Simulation Assumptions 

Simulation Assumptions for FDD
	Parameter
	Value

	Homogeneous scenarios
	3D-UMi with ISD = 200m in 2GHz, 41 dBm

	Polarized antenna modelling
	Model -2 from 36.873

	Duplex
	FDD

	Traffic model 
	Full Buffer  (Mean Throughput, 5% UE Throughput)

FTP Model 1 with packet size 0.5 Mbytes

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	System bandwidth
	10MHz

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

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	According to 36.873

	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 A’(θ’,ф’) = 1

	Receiver 
	Ideal channel estimation and interference modelling

	Receiver 

UE Rx configuration
	LMMSE-IRC receiver

	
	2 Rx x-polar (+90/0)

	Feedback 
	PUSCH 3-2 for non-reciprocity operation

	Feedback 

Transmission scheme
	CQI and RI reporting triggered per 5ms 

	
	CQI Feedback delay is 5 ms and ideal channel estimation at the UE

	
	MU-MIMO with single rank

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Scheduler 
	Frequency selective scheduling
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