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1. Introduction

In previous RAN1 meeting and email discussion, some generic codebook structures and rank 1 codebook have been agreed in [1] and the detailed codebook design for rank 2-8 supporting 12/16 CSI-Rs ports has been disclosed. In this contribution, we will share our own view for long term and short term CSI components of rank 2-8 codebook design for 12 and 16 CSI-RS ports in Rel 13.
2. General Framework
A CSI reporting is associated with at least two PMIs and corresponding codebook for deriving PMI. The double codebook structure has been introduced since Rel-10 and show a good trade-off between feedback overhead and precoding resolution for FDD. The double codebook structure also has been agreed to be used for 2D antenna array with up to 16 CSI-RS ports. The final precoding matrix therefore can be expressed as the following
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where W1 is a long-term and wide-band feedback which provides a group of beams based on long-term channel statistic. W2 is a relatively short-term and sub-band/wide-band feedback which will select columns from W1 for both polarizations of antenna array, as well as co-phasing between the polarizations. The long-term column selection processing is defined by col(.) function, which owns 4 configurations as in [2].
The structure of W1 can be expressed as
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where m1 and m2 denote indices of matrix X1 and X2, respectively. And N1 and N2 denote the number of antenna ports of first dimension and second dimension.
3. Codebook Design for Rank 2
As shown in [2], the long-term precoder is controlled by two feedback PMIs (i1,1, and i1,2), which indicates the first dimension beam group index and the second dimension beam group index, respectively. The beam group X1 and X2 can be expressed as follows:
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where each column can be expressed as 
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where 
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 denotes the beam group spacing for first and second dimension. p and q denotes the column index in beam group of 1st dimension and 2nd dimension, respectively, which can be expressed as follows:
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For long term column selection configuration 1, we suppose 
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, and for other configurations (2/3/4), we suppose 
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For short term codebook design, we propose to reuse existing Rel-10 8 Tx codebook design, which can be expressed as follows:

· For configuration 1:
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· For configuration 2/3/4:
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where k1 and k2 denotes the column index selected for the first and the second column vectors  respectively. The possible combination set of 
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 The mapping method from 2-D beam grid (Config. 2/3) to 1-D beam grid (Config. 4) can be expressed in Table 1.
Table 1. Beam grid mapping method for long term column selection Config. 2/3

	Config 
	Beam index (h,v) (indexed by 0,1,2,3)
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 Config 2
	(0,0) (1,0) (0,1) (1,1)
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 Config 3
	(0,0) (2,0) (1,1) (3,1)


4. Codebook Design for Higher Ranks (Rank >= 3)
When the number of ranks is greater than two, the co-phasing factor cannot guarantee the orthogonality between all of the columns selected by each layer. Then the orthogonality must be guaranteed by columns in W1. 
In order to guarantee each beam group having orthogonal columns, we propose long term codebook design for higher ranks (>=3) as follows:
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The short term codebook design for rank 3 can be expressed as follows:
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The short term codebook design for rank 4 can be expressed as follows:
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The short term codebook design for rank 5 can be expressed as follows:
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The short term codebook design for rank 6 can be expressed as follows:
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The short term codebook design for rank 7 can be expressed as follows:
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The short term codebook design for rank 8 can be expressed as follows:
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5. Performance Evaluation

To verify system performance of proposed codebooks, we have provided non-full buffer system performance of FDD system with the same traffic loading. Unless it is stated, SU/MU MIMO dynamic switching scheme is adopted and FDD system is assumed for all cases below. We have used proposed codebook in Sections 3 and 4 for following simulation cases with the maximal transmission rank of two per UE. For a long term column selection, configuration 2 is assumed only.
Table 5: Non-full Buffer Performance of Precoded Codebook Design 

	Scenario
	Antenna Configuration
(M,N,P,Q)
	(O1,O2)
	RU & Performance

	
	
	
	Resulting RU
	5% UPT
	Mean

	3D-UMi, 
200m/2GHz
	(8,4,2,8)

V1H4P2
	-
	
	
	

	
	 (8,2,2,8)

V2H2P2 
	(8,8)
	15.06%
	4.76

(100%)
	14.73

(100%)

	
	(8,2,2,12)

V3H2P2
	(8,4)
	16.73%
	5.63

(118.31%)
	16.14

(109.57%)

	
	(8,3,2,12)

V2H3P2
	(8,4)
	15.32%
	5.97

(125.37%)
	16.57

(112.50%)

	
	(8,2,2,16)

V4H2P2
	(8,4)
	
	
	

	
	(8,4,2,16)

V2H4P2
	(8,4)
	16.00%
	6.90

(144.83%)
	17.15

(116.41%)

	3D-UMa, 
500m/2GHz
	(8,4,2,8)

V1H4P2
	-
	
	
	

	
	 (8,2,2,8)

V2H2P2 
	(8,8)
	21.42%
	3.36

(100%)
	9.60

(100%)

	
	(8,2,2,16)

V4H2P2
	(8,4)
	
	
	

	
	(8,4,2,16)

V2H4P2
	(8,4)
	
	
	


6. Conclusions
In this contribution, we have provided our view on codebook design for 12 and 16 CSI-RS ports with 2D antenna array for 3D MIMO. The system level simulation results are provided to confirm  performance gain by using proposed codebooks.
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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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