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1. Introduction

The utilization of KP model to construct 2D codebook for non-precoded CSI-RS is a common solution for codebook design for 12 and 16 ports. Various codebook designs are proposed, which have been concluded in WF [1]. In general, the precoding matrix has the form
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. More specifically, in WF [2], the following alternatives in terms of 
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 for codebook design are provided:
Alt1: 
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Alt 2:
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Alt3: 
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In this contribution, we analyze the three alternatives and then discuss the necessity of sub-band vertical-beam feedback. Moreover, the design of  W1 in Alt 3 is discussed, on which several schemes are proposed and compared. The conclusions and proposals are given in the 3rd section. 
2. New Codebook For 2D Antenna Array
In this section, antenna arrays and methods for 12 and 16 TXRUs virtualization are discussed.  Here we consider full-port mapping.  Therefore, a TXRU has one-to-one direct mapping to a CSI-RS port.
12 TXRUs

[image: image6.emf]                     
[image: image7.emf]              
[image: image8.emf]
TXRU Array 1                    Two methods for TXRU virtualization
Figure 1: Antenna arrays of 12 TXRUs

For TXRU array 1, there are two typical methods for 12 TXRUs virtualization corresponding to two antenna arrays with  (M, N, P) = (8, 3, 2) and (4, 6, 2) as shown in Figure 1.  These are respectively resulted from 1D and 2D virtualization.
16 TXRUs
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TXRU Array 2                     Two methods for TXRU virtualization
Figure 2: Antenna arrays of 16 TXRUs
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TXRU Array 3                   Two methods for TXRU virtualization
Figure 3: Antenna arrays of 16 TXRUs

For 16TXRUs, there are two types of 2D array.  For TXRU array 2,  1D and 2D virtualization respond to  (M, N, P) = (8, 4, 2) and (4, 8, 2), respectively, as shown in Figure 2.  For TXRU array 3,  these corresponds to (M, N, P) = (8, 4, 2) and (4, 8, 2) respectively.
As illustrated by Figures 1-3, the same TXRU array can be formed by different virtualizations on the antenna elements.  Therefore, we should consider both the 2D and 1D TXRU virtualizations for the codebook design.  In order to avoid redundant codebook definitions for different antenna topologies or virtualizations, it is more desirable to define a general framework with a big codebook and select codewords according to antenna configurations by codebook subset selection.   In [2], it provides three alternatives for the framework of codebook design, on which evaluations are given in the next section.
· Alt1：
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· Alt2：
[image: image16.wmf]12

12

12

1

12

0

0

mm

mm

colXX

W

colXX

æö

éù

Ä

ëû

ç÷

=

ç÷

éù

Ä

ëû

èø

         (2)
· Alt3：
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3. Performance Evaluation
3.1 KP Codebook Analysis
In this section, we evaluate the performance of FD-MIMO based on non-precoded CSI-RS and new codebook for 12 and 16 TXRUs with different arrays. Take Alt 3 as an example. The precoder W and codebook of Alt 3 can be described as following:
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The two sub matrices 
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 represent the horizontal and vertical beam directions in two polarization groups, and each column of 
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 is taken from two DFT matrices, respectively. 
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 contains the quantized polarization co-phasing and column selection information of
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. Wideband PMI is fed back to indicate
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, and sub-band PMI is fed back to indicate
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· In Alt 1, 
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 , i.e., the final horizontal and vertical beams are both selected by W2, and  the candidates of horizontal and vertical beams in W1 are the same for both polarizations. 
· In Alt 2, the candidates of horizontal and vertical beams for different polarization are the same. Moreover, a column selection operation, which selects either all or a subset of the columns in 
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, is performed by W1. By performing such column selection inter beam groups, the optimal beams can be selected more flexibly with a reduced size of W2. However, it is difficult to propose a general column-selection metric for all the antenna topologies.
· In Alt 3, the candidates of horizontal and vertical beams for different polarization can be different. The channel for the two polarizations may be different, which makes Alt 3 more practical than the same-beam-group design for the two polarizations in Alt 1
For the three alternatives, the most essential problem is whether the vertical beams should be contained in the sub-band PMI feedback. If vertical beam information is not contained in sub-band feedback,
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 only performs horizontal beam selection and co-phasing selection between two polarization groups, i.e., the vertical beam selection is performed in 
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, and all the beams in each 
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 are with the same vertical direction. On the contrary, beam selection takes place in the both horizontal domain and vertical domain in the sub-band feedback.
If vertical direction information is contained in sub-band feedback,  eNBs can choose beams in both the vertical and horizontal directions simultaneously, which means eNBs have more degrees of freedom to choose the appropriate codeword for transmission. Especially, for transmissions with 2 or more layers, different layers of data flow may intend to users in different vertical directions, thus containing vertical information in sub-band feedback can improve the transmission performance. However, the feedback overhead is increased in this case. For example, if 
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 vertical beams are contained in the sub-band feedback, the feedback overhead is increased by 
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 bits. Consequently, whether feeds back vertical beams depends on the tradeoff between the performance gain and overhead. 
3.2 Simulation results
The details of the codebook used in the performance evaluations are given below:

In Alt 1, we have Nc codewords in
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, where the i-th codeword is
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.
In Alt 2, we pick one special case as equation 2 is a general description.   Here it is a special case with M beamxNc codewords in
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, where the (i,j)-th codeword is 
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, which is exactly the wideband feedback.
In Alt 3, we have Nc codewords in
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, where the i-th codeword is
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For MTXRU=2, 
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is a 2x M beam matrix, M beam is the beam number in the vertical direction.
When M beam=2, 
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When M beam=4, 
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For MTXRU=4, M beam=4, 
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K denotes the number of antenna elements in a TXRU. MTXRU denotes the number of TXRUs in a column, N denotes the number of columns in a 2D antenna array. The numerical values 
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 represent 4 vertical beams selected according to the number of TXRUs, beam-width and tilting angle.  Both Alt 1 and 2 reuse the principle of W2 design in current 8Tx codebook. In Alt 3, there is a restriction that 
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 has to been adjacent, i.e., half of the DFT beams in the two matrices are overlapping. The model of a rank 1 codewordfor Alt 3 can be in the format of 
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.  The model of a rank 2 codeword can be chosen from three formats: 
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The overhead of different Alts are described below:

Table 1: The CSI feedback overhead of different Alts

	M beam
	Alts
	Wideband (bits)
	subband (bits)

	2
	Alt 1
	4
	5

	
	Alt 2
	5
	4

	
	Alt 3
	4
	6 for rank1, 5 for rank2

	4
	Alt 1
	4
	6

	
	Alt 2
	6
	4

	
	Alt 3
	4
	7 for rank1, 6 for rank2


Three antenna configurations (M, N, P, Q) = (8, 4, 2, 16), (4, 8, 2, 16), (8, 3, 2, 12) are considered in this evaluation.

Tables 2-4 provide the evaluation results of these 3 Alts under different scenarios and antenna configurations. 

Table 2: FTP1 simulation results with different codebook types for (8, 4, 2, 16) 

	Scenario

/Offered Load


	M beam
	Alternative
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi

with Offered Load=16Mbps
	2
	2 (Baseline)
	 0.67
	23.28
	4.39
	21.58

	
	
	1
	0.66
	23.52 (+1%)
	4.85 (+11%)
	21.80 (+1%)

	
	
	3
	0.65
	23.67 (+2%)
	4.95 (+13%)
	22.10 (+3%)

	
	4
	2 (Baseline)
	0.57
	26.02
	7.53
	24.91

	
	
	1
	 0.56
	26.33 (+1%)
	8.14 (+8%)
	25.32 (+2%)

	
	
	3
	0.56
	26.42 (+2%)
	8.54 (+14%)
	25.54 (+3%)

	3D-UMa

with Offered Load=16Mbps
	2
	2 (Baseline)
	0.69
	20.83
	5.45
	18.23

	
	
	1
	0.67
	21.44 (+3%)
	5.97 (+10%)
	19.35 (+6%)

	
	
	3
	0.67
	21.44 (+3%)
	6.13 (+13%)
	19.16 (+5%)

	
	4
	2 (Baseline)
	0.60
	24.06
	8.47
	22.56

	
	
	1
	0.59
	24.38 (1.5%)
	8.91 (+5%)
	22.80 (+1%)

	
	
	3
	0.58
	24.44 (+2%)
	9.00 (+6%)
	22.93 (+2%)


Table 3: FTP1 simulation results with different feedback types for (8, 2, 2, 16) 
	Scenario

/Offered Load


	M beam
	Alternative
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi

with Offered Load=16Mbps
	4
	2 (Baseline)
	0.69
	22.11
	4.60
	19.57

	
	
	1
	0.68
	22.26 (+1%)
	4.88 (+6%)
	19.87 (+2%)

	
	
	3
	0.68
	22.31 (+1%)
	4.90 (+6%)
	19.86 (+1.5%)

	3D-UMa

with Offered Load=16Mbps
	4
	2 (Baseline)
	0.74
	19.04
	4.61
	15.29

	
	
	1
	0.74
	19.40 (+2%)
	4.92 (+7%)
	15.55 (+2%)

	
	
	3
	0.74
	19.36 (+2%)
	4.98 (+8%)
	15.50 (+1.5%)


Table 4: FTP1 simulation results with different feedback types for (8, 3, 2, 12) 
	Scenario

/Offered Load


	M beam
	Alternative
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi

with Offered Load=16Mbps
	4
	2 (Baseline)
	0.63
	23.21
	5.30
	21.20

	
	
	1
	0.63
	23.52 (+1%)
	5.62 (+6%)
	21.60 (+2%)

	
	
	3
	0.62
	23.62 (+2%)
	5.95 (+12%)
	21.17 (0%)

	3D-UMa

with Offered Load=16Mbps
	4
	2 (Baseline)
	0.69
	20.66
	5.74
	17.93

	
	
	1
	0.68
	20.99 (+2%)
	5.78 (+1%)
	18.35 (+2%)

	
	
	3
	0.67
	21.22 (+3%)
	6.40 (+11%)
	18.31 (+2%)


We use Alt 2 to be the baseline as it requires the least overhead.   We investigate the performance gain for the case that the overhead is increased in the sub-band information as shown in Alts 1 and 3.  It can be observed that most of the gain of Alt 1 and Alt 3 comes from 5% UPT.   The gain of Alt 1 on 5% UPT can be up to 11% for 16 ports and up to 6% for 12 ports.   Alt 3 gives further gain.  The gain of Alt 3 can go up to 14% on 5% UPT.    The performance gap between Alt 1 and Alt 3 is up to 10%.
It is desirable to have a more flexible design on a master codebook and use codebook subset selection to choose the subset of codewords in a codebook according to the feedback overhead.  Considering the performance and flexibility, we have the following proposal:

Proposal 1:  Adopt Alt3 of W1 precoding matrix i.e. 
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.  
4. Conclusion

In this contribution, we discuss the KP codebook design for 12 and 16 TXRUs.  Performance evaluation is carried out to compare the performance among the 3 different alternatives of KP codebook based on non-precoded CSI-RS.  It can be observed that putting more information on sub-band feedback provide performance gain especially on 5% UPT.  Based on the analysis, our proposal is to adopt Alt3. i.e.
Proposal 1:  Adopt Alt3 of W1 precoding matrix i.e. 
[image: image64.wmf]''

0

1

0

kl

HV

kl

HV

XX

W

XX

éù

Ä

=

êú

Ä

êú

ëû

.  
5. References 

[1] R1-154861, WF on FD-MIMO codebook. Samsung, ZTE, ALU, ASB, Ericsson, CATT.
[2] R1-155005, WF on precoder and PMI construction for R13 FD-MIMO. Samsung, LGE, CATT, Qualcomm, NTT DOCOMO, ZTE, Ericsson, ALU, ASB, AT&T, CMCC, KT.
Appendix A
Table A.1 Simulation parameters for Macro cell Scenario

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi/UMa ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMI/UMa ISD 200: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: 16TXRUs, 12TXRUs

Receiver: 2Rx cross-polarized antenna at UE

	Downtilt 
	3D UMI/UMa ISD 200: 100°

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback Alt
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, 

ideal channel covariance R，PMI feedback

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Alt
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes (medium ~50% RU, high ~70%RU)

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 
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 based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
	3dB 
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