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1. Introduction
The WI of further enhancement on eFD-MIMO was agreed in RAN#71, with objectives of new CSI-RS design and mechanism for reducing the overhead for CSI-RS transmission:
· Extend specification support for CSI reporting in the following areas [RAN1]
· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D
In this contribution, we will provide our understanding and proposals on codebook design supporting up to 32 antenna ports.

2. Codebook Design
2.1 Codebook design for rank 1/2
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 used in Rel-13 to support antenna configurations supporting 12/16 antenna ports. The double codebook structure also can be used for support of {20, 24, 28, 32} CSI-RS ports. To minimize specification and implementation impact, the codebook structure of Rel 10/13 can be reused for new antenna port configurations.
Proposal 1: For supporting new antenna port configurations, Rel-13 codebook design structure and principles should be reused.

The final precoding matrix therefore can be expressed as the following


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. The long-term column selection processing is defined by col(·) function, which owns 4 configurations.
The structure of W1 can be expressed as


where i1,1 and i1,2 denote indices of matrix X1 and X2, respectively. And N1 and N2 denote the number of antenna ports of first dimension and second dimension, respectively. O1 and O2 denote the oversampling factor of first and second dimension, respectively. s1 and s2 denotes the grouping space between beam groups of X1 and X2, respectively.

Proposal 2: In order to simplify the codebook design, we propose to set O1 is 4 or 8, and O2 is 4, which standing for horizontal plane and vertical plane, respectively.

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:


where each column can be expressed as


where  p and q denotes the column index in beam group of 1st dimension and 2nd dimension, respectively, which can be expressed as follows:




For long term column selection configuration 1, we let , and for other configurations (2/3/4), we let .
Proposal 3: Design principle for W1 can be reused to generate new W1 supporting up to 32 transmitting antenna ports.

The short term codebook design can be expressed as follows:
· For configuration 1:




· For configuration 2/3/4:




where k1 and k2 denotes the column index selected for the first and the second column vectors respectively. 

For rank 1, the possible combination set of  is:



For rank 2, the possible combination set of  is:


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

	
 Config 2
	(0,0) (1,0) (0,1) (1,1)

	
 Config 3
	(0,0) (2,0) (1,1) (3,1)



Proposal 4: Codebook configuration definition of 1-4 should be reused for new designed codebook.
Proposal 5: W2 design from Rel 13 should be reused in new codebook design for rank 1 and rank 2.

2.2 Codebook design for rank 3/4
For rank3 and rank4 codebook design, we reuse the Rel-13 design to guarantee the orthogonality between different ranks with selected beams. The W1 can be designed as rank 1 and rank 2, with following update:



Where  and p denotes beam index shift, which can be defined as the following:




 and  can be determined by parameter K which will be fed back from UE, the detailed definition as follows


Table 2:  and  value definition
	K
	
	0
	1
	2

	If N1>1 and N2>1
	

	O1
	0
	

	
	
	0
	O2
	

	If N2=1
	

	O1
	2O1
	3O1

	
	
	0
	0
	0



The short term codebook design can be expressed as follows:
· For configuration 2/3/4, 




where k1 and k2 denotes the column index selected for the first and the second column vectors respectively. 
For rank 3, the possible beam selection combination set is:


Proposal 6: W2 design from Rel 13 should be reused in new codebook design for rank 3.


For rank 4, the possible combination set of  is:



3. 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 for following simulation cases with the maximal transmission rank of one per UE. The number of receiving antenna is 4 at UE side. For a long term column selection, configuration 2 is assumed only. The codebook dimension parameters (N1, N2) represent the horizontal and vertical domains respectively. The oversampling factor is O1=8 for horizontal, and O2=4 for vertical. For TXRU virtualization, our simulations following the table below:

Table 3: TXRU Virtualization
	No. of vertical antenna ports (N2)
	Number of antenna elements per port (K)
	Number of antenna elements per column (M)

	
	
	

	2
	4
	8

	3
	3
	9

	4
	2
	8

	5
	2
	10

	6
	1
	6

	7
	1
	7

	8
	1
	8



Table 4: Non-full buffer performance with low traffic load of proposed codebook design 
	Scenario
(Config.)
	Antenna Configuration
(N1, N2)=(H,V);
Overhead of W1
	(O1, O2)
	RU & Performance

	
	
	
	Resulting RU
	5% UPT
	50% UPT
	Mean
	 

	3D-UMi, 
200m/2GHz
(Config.2)
	16 ports=(4,2); 7 bits
	(4,4)
	20.31%
	6.24 
(100%)
	19.90 
(100%)
	15.90 
(100%)
	 

	
	24 ports= (4,3); 8 bits
	(4,4)
	23.61%
	7.16 
(114.67%)
	24.51 
(123.17%)
	21.62 
(135.74%)
	 

	
	32 ports= (4,4); 8 bits
	(4,4)
	16.37%
	9.98 
(159.85%)
	27.78 
(139.58%)
	21.92 
(137.88%)
	 

	
	16 ports= (2,4); 7 bits
	(4,4)
	20.68%
	7.78 
(100%)
	26.67 
(100%)
	19.46 
(100%)
	 

	
	20 ports= (2,5); 8 bits
	(4,4)
	19.16%
	7.04 
(90.49%)
	25.64 
(96.15%)
	20.04 
(102.93%)
	 

	
	24 ports= (2,6); 8 bits
	(4,4)
	19.71%
	11.05 
(141.99%)
	26.43 
(99.10%)
	21.38 
(109.81%)
	 

	
	28 ports= (2,7); 8 bits
	(4,4)
	14.01%
	9.88 
(126.91%)
	30.30 
(113.64%)
	24.92 
(128.04%)
	 

	
	32 ports= (2,8); 8 bits
	(4,4)
	17.70%
	10.00 
(128.50%)
	26.32 
(98.68%)
	23.78 
(122.16%)
	 



Table 5: Non-full buffer performance with median traffic load of proposed codebook design 
	Scenario
(Config.)
	Antenna Configuration
(N1, N2)=(H,V);
Overhead of W1
	(O1, O2)
	RU & Performance

	
	
	
	Resulting RU
	5% UPT
	50% UPT
	Mean
	 

	3D-UMi, 
200m/2GHz
(Config.2)
	16 ports= (4,2); 7 bits
	(4,4)
	45.92%
	2.98 
(100%)
	10.55 
(100%)
	8.27 
(100%)
	 

	
	24 ports= (4,3); 8 bits
	(4,4)
	44.13%
	3.96 
(133.20%)
	12.20 
(115.55%)
	10.22 
(123.58%)
	 

	
	32 ports= (4,4); 8 bits
	(4,4)
	43.90%
	4.80 
(161.34%)
	12.16 
(115.20%)
	10.67 
(128.94%)
	 

	
	16 ports= (2,4); 7 bits
	(4,4)
	43.00%
	4.22 
(100%)
	10.08 
(100%)
	9.06 
(100%)
	 

	
	20 ports= (2,5); 8 bits
	(4,4)
	44.33%
	4.83 
(114.35%)
	12.54 
(124.45%)
	11.21 
(123.75%)
	 

	
	24 ports= (2,6); 8 bits
	(4,4)
	41.69%
	4.84 
(114.77%)
	13.14 
(130.36%)
	11.49 
(126.83%)
	 

	
	28 ports= (2,7); 8 bits
	(4,4)
	41.07%
	5.52 
(130.76%)
	13.56 
(134.58%)
	12.41 
(136.97%)
	 

	
	32 ports= (2,8); 8 bits
	(4,4)
	43.11%
	7.17 
(169.89%)
	13.79 
(136.90%)
	13.29 
(146.68%)
	 



Observation 1: Considerable system performance gain can be obtained by increasing the number of vertical antenna ports from 2 to 4 with 8 horizontal antenna ports.
Observation 2: Marginal system performance gain can be obtained by increasing the number of vertical antenna ports above 5 with 4 horizontal antenna ports.
[bookmark: _GoBack]Observation 3: More performance gain can be obtained from MU transmission with increasing antenna ports in vertical direction in the case of higher traffic load.



4. Conclusions
In this contribution, we have provided our view on codebook design for up to 32 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.

Proposal 1: For supporting new antenna port configurations, Rel-13 codebook design structure and principles should be reused.
Proposal 2: In order to simplify the codebook design, we propose to set O1 is 4 or 8, and O2 is 4, which standing for horizontal plane and vertical plane, respectively.
Proposal 3: Design principle for W1 can be reused to generate new W1 supporting up to 32 transmitting antenna ports.
Proposal 4: Codebook configuration definition of 1-4 should be reused for new designed codebook.
Proposal 5: W2 design from Rel 13 should be reused in new codebook design for rank 1 and rank 2.
Proposal 6: W2 design from Rel 13 should be reused in new codebook design for rank 3.

Observation 1: Considerable system performance gain can be obtained by increasing the number of vertical antenna ports from 2 to 4 with 8 horizontal antenna ports.
Observation 2: Marginal system performance gain can be obtained by increasing the number of vertical antenna ports above 5 with 4 horizontal antenna ports.
Observation 3: More performance gain can be obtained from MU transmission with increasing antenna ports in vertical direction in the case of higher traffic load.
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Appendix: Simulation Assumptions 
	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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