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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

In this contribution, a parameterized dual-stage codebook structure is proposed for FD-MIMO to cope with various 2D antenna arrays. 
2. Parameterized 2D Codebook Design 

The codebook design is mainly discussed for 12 and 16 antenna ports below, however it is applicable to any 2D antenna configurations including the 8 antenna ports. The 12 and 16 antenna ports may be configured in practical deployment as follows: 
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(a) 12 Ports                                                             (b) 16 Ports
Figure 1: 2D antenna configurations
It would be exhausting to design a specific codebook for each antenna configuration. We propose a parameterized dual-stage codebook, which is suitable for various 2D antenna configurations. The dual-stage codebook maintains the structure of Rel-10 8Tx codebook, which is defined as 

[image: image3.wmf]2

1

W

W

W

=


where 
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 characterizes the long term properties of the channel such as beam directions, and 
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 describes the short term channel characteristics such as the phase variations between two polarizations.

1.1. 2D Codebook structure
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 is a block diagonal matrix as given by 
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where 
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 represent the kth horizontal precoder and the lth vertical precoder per polarization respectively. Each block diagonal entry is constructed by the Kronecker product of the two precoders. Let 
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 denote the precoder in the corresponding dimension 
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. Following the codebook design principle of Rel-10, 
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 consists of grid-of-beam vectors with each beam being a DFT-based vector. The grid-of-beams target different beam directions in that dimension. 
In either dimension, the ith precoder 
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 is characterized by the following 4 parameters:

· Antenna port number 
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· Oversampling factor 
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· Number of beams 
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· Number of overlapped beams 
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Among them, 
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 is a spatial oversampling factor, which determines the beam resolution, 
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 defines the overlapped beams between two adjacent precoders. Hence, the total available  
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 beams for the codebook in the dimension per polarization are divided into 
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 precoders. The ith precoder  
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 is represented by
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where each beam is a DFT vector given by
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In this way, the block diagonal entry 
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 matrix with each column constructed by the horizontal beam and the vertical beam. 
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 is directly extended from Rel-10 codebook, which targets for beam selection and phase adjustment between two polarizations. For higher rank, 
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 has multiple columns, each corresponding to a data layer. Define
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where r is the rank of the codebook, 
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 is the phase difference between two polarizations for the ith layer. The beam selection vector 
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 is a length 
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 unit vector, with jth entry equaling to 1 and all the other entries being zeros. 


[image: image33.wmf]V

B

H

B

T

elements

j

i

N

N

j

Y

×

=

ú

ú

û

ù

ê

ê

ë

é

=

,

,

2

,

1

,

0

0

1

0

L

L

4

3

4

2

1

L


In this way, 
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 candidate 2D beams within 
[image: image36.wmf]1

W

. 

1.2. Codebook parameters design
According to the 2D codebook structure, given the total 8 parameters (4 parameters in each dimension), a unique 
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 can be identified. While these parameters could be further reduced considering the FD-MIMO channel characteristics.
As discussed in [2], 
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, the column number of 
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, influences the rank adaption for a single UE when higher rank is supported. When 
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 is a rank-1 vector (
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), the multiple layers are transmitted on the same vertical beam. This means rank-1 transmission is in vertical dimension and the rank adaptation is only allowed in the horizontal dimension. When 
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 becomes a rank>1 matrix (
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 ), multiple vertical beams can be used for data transmission and thus rank adaptation is possible both in the horizontal dimension and the vertical dimension. In addition, 
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 is also related to the vertical frequency feedback granularity for the beam selection by 
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. When 
[image: image46.wmf]1

>

V

B

N

, the sub-band feedback allows data to be transmitted with different vertical beams in different sub-bands for vertical rank-1 transmission. However with
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, only wideband feedback is possible in the vertical dimension.
It has been shown that the angular spread in vertical domain is small and the condition number of vertical dimension channel is relatively larger than that of horizontal dimension [3]. This implies the higher rank may not be well supported in the vertical dimension. Table I depicts the system throughput variation with 
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 for various 2D antenna configuration using subarray TXRU virtualization in both 3D-UMi and 3D-UMa with ISD=200m scenarios. The user arrival rate is 
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 for all the configurations, the beam number in 
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 and vertical sub-band feedback is allowed when 
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. Hence, larger 
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 means more flexible rank adaptation and sub-band transmission in the vertical dimension. In addition, given a  
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 value, all the possible beams combinations (e.g. any same-beam pairs and any different-beam pairs for rank-2 precoder) are included for the beam selection. Thus the component codebook size of 
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 increasing. The detailed simulation parameters are given in the appendix Table A1. The result shows that compared with the rank-1 vertical precoder, there is less than 5% throughput gains achieved with higher rank vertical precoder. This means the rank adaptation and sub-band feedback in the vertical dimension provide marginal gains. Moreover, the higher rank vertical precoder results in larger codebook size for 
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 because of more candidate beams to choose from. Therefore, we propose to use rank-1 vertical precoder in 
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 which leads to following two parameters values 
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 in the vertical dimension.
Table I: System throughput variations with 
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	Scenarios / Antenna configuration
	Xv column number
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMi
	6H2V
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=1
	6.28
	100.0%
	21.65
	100.0%
	25.16
	100.0%
	48%
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	6.42
	102.3%
	21.93
	101.3%
	25.54
	101.5%
	46%

	
	4H3V
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	5.05
	100.0%
	18.46
	100.0%
	22.14
	100.0%
	52%
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	5.17
	102.5%
	18.77
	101.7%
	22.52
	101.7%
	52%

	
	8H2V
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	7.86
	100.0%
	24.84
	100.0%
	28.00
	100.0%
	42%
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	8.16
	103.9%
	25.37
	102.1%
	28.56
	102.0%
	42%

	
	4H4V
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	6.47
	100.0%
	21.65
	100.0%
	24.99
	100.0%
	47%
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	22.22
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	25.69
	102.8%
	45%

	3D-UMa

(200m)
	6H2V
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	100.0%
	19.30
	100.0%
	22.66
	100.0%
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	106.0%
	20.11
	104.2%
	23.53
	103.8%
	48%

	
	4H3V
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	3.83
	100.0%
	14.43
	100.0%
	17.59
	100.0%
	59%
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	3.96
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	14.85
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	103.0%
	58%
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	7.49
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	22.90
	100.0%
	26.19
	100.0%
	44%
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	26.08
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Proposal1: Rank-1 vertical precoder is used in W1.

For Rel-10 8Tx codebook, each beam group consists of 4 beams for rank=1 and 2. And the adjacent beam groups have 2 beams overlapped. The same parameters could be retained for the 2D codebook in the horizontal dimension for various antenna configurations, i.e. 
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. Thus each 
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 beam group consists of 4 beams in the horizontal dimension, which further simplifies the design of 
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.
The
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 structure given in section 2.1 is in fact a layer specific beam selection, i.e. each layer selects its own vertical beam and horizontal beam from the candidate beams without the Kronecker product constraint in 
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. At the expense of larger 
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 codebook size, this partial Kronecker product structure makes beam selection more flexible that any combination of the vertical beam and the horizontal beam could be selected. According to the design of 
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, the beam selection and co-phasing of 
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 becomes equivalent to those of Rel-10 8Tx codebook. Consequently, the legacy 
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 can be reused and the codebook subsampling scheme for 
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in PUCCH are also reused.
Proposal2: W2 reuses legacy Rel-10 8Tx codebook.
Summarily, by defining 
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, the 2D codebook is only characterized by the antenna port number and the oversampling factor per dimension.
Proposal3: the 2D codebook is identified with the following 4 parameters:
· Antenna port number: 
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· Oversampling factor: 
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Actually, the codebook parameters correspond to the number of beams available in each dimension. The total beam number determines the component codebook size of 
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. In case of overly large beam number, beam subset restriction (BSR) would be preferred in order to reduce UE complexity. In each dimension, a bitmap is defined to index the usable beams in that dimension. A bit value of zero indicates the corresponding beam is removed from constructing the 2D codebook. These bitmaps could be appended optionally to the 2D codebook parameters.
Proposal4: the following 2 parameters may be appended optionally:
· BSR configuration: 
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1.3. Codebook parameter constraint considering feedback payload
It is better to keep the codebook size constant with different antenna configurations. For the parameterized codebook, the size of 
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 is maintained as a constant. But for
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, the component codebook size is decided by the configurable codebook parameters, which results in the variable CSI payload and could be problematic with CSI feedback. We propose two alternative schemes below:
Alt-1: Define the upper bound for the number of the total available beams (equals to
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 ) in both dimensions. Codebook parameters for various antenna configurations are selected to be no more than the upper bound. The CSI payload corresponds to the upper bound is used to design the CSI reporting mechanism.
Alt-2: The total available beams in both dimensions are defined as a constant for various antenna configurations. This constraint results in a constant CSI payload and codebook parameters are selected accordingly.
Proposal5: Adopt codebook parameter constraint schemes Alt-1 or Alt-2.
3. Conclusions
In this contribution, a parameterized dual-stage codebook structure suitable for various 2D antenna configurations is proposed. And we have the following proposals:
· Proposal1: 
Rank-1 vertical precoder is used in W1.
· Proposal2: 
W2 reuses legacy Rel-10 8Tx codebook.

· Proposal3: 
The 2D codebook is identified with the following 4 parameters:
· Antenna port number: 
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· Oversampling factor: 
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· Proposal4: 
The following 2 parameters may be appended optionally:
· BSR configuration: 
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· Proposal5: 
Adopt codebook parameter constraint schemes Alt-1 or Alt-2.
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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)=(8,4,2) for 8H2V

(M,N,P)=(8,2,2) for 4H4V

(M,N,P)=(8,3,2) for 6H2V

(M,N,P)=(6,2,2) for 4H3V

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

	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

	PMI2/CQI feedback granularity
	Subband (6 PRBs per subband) 

	PMI1 feedback granularity
	Wideband (50 PRBs)

	PMI2/CQI feedback periodicity
	10ms

	PMI1 feedback periodicity
	10ms

	RI feedback periodicity
	120ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB
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