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1. Introduction

Large performance gain can be obtained from EBF/FD-MIMO if the number of TXRUs is increased. However, CSI feedback complexity and overhead becomes major issues when the number of TXRUs is large. Various feedback schemes based on non-precoded CSI-RS and/or beamfromed CSI-RS are proposed by companies, which are captured in the merged WF [1]. In [2], we show our preliminary study and performance evaluation results on new codebook for MIMO system with 16 TXRUs based on non-precoded CSI-RS. In this contribution, we further study the new codebook design which can be extendable to more TXRUs and gives more simulation results.

2. New Codebook For 2D Antenna Array
To support higher number of TXRUs for 2D antenna array, some implementation based solutions for FD-MIMO system can improve system performance.  These standard transparent schemes have been discussed in the last few meetings and are categorized, e.g. virtual sectorization using one or more beamformed CSI-RS resource(s) with a single cell-ID (Category 2) and Kronecker precoding with 2 CSI processes (Category 3). Besides these standard transparent schemes, a straightforward extension of the conventional CSI feedback can also be considered to exploit more potential MIMO gain. e.g. support more ports in a CSI-RS resource and design new codebook for 2D antenna array with more TXRUs. This new codebook based scheme is expected to bring benefits in the following aspects.
Improve RI Accuracy: In Category 2 scheme, Q TXRUs are usually mapping to Y CSI-RS ports, Q > Y. RI  reported by UE is determined by the Y-dimension channel.  This operation may degrade the accuracy of RI because of the lower 3D spatial resolution if channel dimension is reduced. For Category 3 scheme, the RI value in vertical domain is usually restricted to 1 to ensure that the Kronecker precoder can work well.  In such case, only horizontal RI is reported and hence the spatial degree of freedom in vertical domain is lost.   Thus the reported RI may not match with the physical channel well . If non-precoded CSI-RS and new codebook is supported, UE can measure RI based on the full dimension channel and hence more accurate CSI feedback can be obtained by Q-dimension codebook and more accurate RI.  This improves overall performance especially when number of Rx at UE is large.
Improve precoder accuracy: If vertical beamforming is used, the precoder W in Category 2 scheme can be constructed by a vertical DFT vector corresponding to the selected beam and the horizontal PMI based on Kronecker Product structure. We can simply reuse current CSI-RS and feedback design. But this scheme has a lot of limitations when we want to obtain more accurate precoder. 
(a) Only wideband beam selection is supported 
(b) UE cannot jointly select vertical beam and horizontal PMI 
(c) The number of vertical beams is limited by CSI-RS overhead

(d) Method of obtaining the precoder W based on V-beam and H-PMI is limited e.g using KP 
Category 3 schemes also has some problems, e.g. W is restricted to be Kronecker structure, and independent vertical and horizontal PMI selection may also result in degradation of PMI accuracy
Introduction of a new codebook can address these problems well.  It can support subband and short-term vertical PMI feedback. UE can jointly determine W based on full dimension channel. Furthermore, advanced codebook structure can also be studied which may perform well in rich scattering scenarios and large XPR scenarios . In short, it is more flexible to improve accuracy of precoder by introduction of a new codebook for non-precoded CSI-RS.
Wide antenna array deployment (i.e. more than 4 columns of antennas) is also an important configuration.  For this kind of antenna topology, if eNodeB wants to use Category 2 scheme, 2D virtualization of CSI-RS or 1D virtualization only on horizontal domain is needed in order to virtualized it to maximum of 8 CSI-RS based on the current spec.  These virtualization schemes are considered to be more sensitive to frequency and time selectivity of the channel.  Performance of Kronecker product structure precoder is impacted by vertical angle spread as well as  horizontal angle spread of multi-paths.  Considering these potential issues of Cat-2 scheme, a new codebook based on non-precoded CSI-RS seems to be a more attractive approach especially for a MIMO system with more than 4 antenna columns.
3. Performance Evaluation
3.1 KP Codebook
In this section, we evaluate performance of FD-MIMO based on non-precoded CSI-RS and KP codebook, the precoder W and codebook can be described as following:
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The two sub matrixes 
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 represent the weights in two polarization groups, here 
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 represents the weight for intra antenna group, 
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 represents the weight for inter antenna group. If we assume each column in the same polarization direction is a group, 
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represents horizontal and vertical beam directions, different antenna grouping method can be assumed in the codebook design for different antenna configuration. 
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 correspond to the quantized polarization phase and column selection information of
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More details of the codebook used in simulation are given below:
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,Each column of 
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 is a DFT vector or constructed by two DFT vectors based on Kronecker Product , each column of 
[image: image12.wmf]int

k

er

W

 is a DFT vector or constructed by two DFT vectors based on Kronecker Product
(b) 
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For (M,N,P,Q)=(8,4,2,16), 
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For (M,N,P,Q)=(4,8,2,16), 
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For (M,N,P,Q)=(8,4,2,32), 
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For (M,N,P,Q)=(4,8,2,32), 
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Here K denotes the number of antenna elements in a TXRU in a column. 
(c) Reuse the principle of W2 design in current 8Tx codebook, 6 or 7bit overhead of W2 is used for different antenna configuration 
Four antenna configurations (M, N, P, Q) = (8, 4, 2, 16), (8, 4, 2, 32), (4, 8, 2, 16) (4, 8, 2, 32) are deployed.

Table 1: FTP1 simulation results with different feedback types for (8, 4, 2, 16) 
	Scenario
/Offered Load


	Schemes
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi

with Offered Load=16Mbps
	Cat.2 Baseline (2beam)
	  0.53
	27.73
	5.814
	25.32

	
	KP codebook 
	0.53
	27.76 (+0.1%)
	7.471(+28%)
	27.76 (+10%)

	3D-UMi

with Offered Load=20Mbps
	Cat.2 Baseline (2beam)
	0.77
	21.24
	2.39
	16.88

	
	KP codebook 
	 0.76
	22.09 (+4%)
	4.07(+69%)
	19.54(+16%)

	3D-UMa
with Offered Load=16Mbps
	Cat.2 Baseline (2beam)
	0.53
	27.23
	5.77
	27.54

	
	KP codebook 
	0.51
	28.42 (+4%)
	10.44 (+81%)
	27.21 (+11%)

	3D-UMa
with Offered Load=20Mbps
	Cat.2 Baseline (2beam)
	0.77
	21.01
	2.57
	17.17

	
	KP codebook 
	0.70
	23.73 (+13%)
	5.33 (+107%)
	22.27 (+30%)


Table 2: FTP1 simulation results with different feedback types for (8, 4, 2, 32) 
	Scenario

/Offered Load


	Schemes
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi

with Offered Load=16Mbps
	Cat.2 Baseline –(4beam)
	0.50
	28.48
	6.77
	26.14

	
	KP codebook 
	0.50
	29.43 (+3%)
	9.26 (+37%)
	30.00 (+15%)

	3D-UMi

with Offered Load=20Mbps
	Cat.2 Baseline –(4beam)
	0.70 
	23.71 
	3.66 
	20.30 

	
	KP codebook 
	0.68 
	24.16 (+2%)
	5.35 (+46%)
	23.39 (+15%)

	3D-UMa
with Offered Load=16Mbps
	Cat.2 Baseline –(4beam)
	0.52
	26.76
	6.03
	23.81

	
	KP codebook 
	0.48
	29.70 (+11)
	12.42(+106%)
	29.48 (+24%)

	3D-UMa
with Offered Load=20Mbps
	Cat.2 Baseline –(4beam)
	0.75
	21.36
	3.12
	17.78

	
	KP codebook 
	0.66
	23.03 (+8%)
	6.65 (+113%)
	21.38 (+20%)


Table 3: FTP1 simulation results with different feedback types for (4, 8, 2, 16) 
	Scenario
/Offered Load


	Schemes
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi

with Offered Load=16Mbps
	Cat.2 Baseline –(2beam)
	0.55
	27.01
	4.65
	24.39

	
	KP codebook 
	0.52
	30.17 (+11%)
	11.23 (+141%)
	30.57 (+25%)

	3D-UMi

with Offered Load=20Mb
	Cat.2 Baseline –(2beam)
	0.80
	20.60
	1.86
	16.26

	
	KP codebook 
	0.76
	25.46 (+24%)
	6.91 (+271%)
	23.97 (+47%)

	3D-UMa
with Offered Load=16Mbps
	Cat.2 Baseline –(2beam)
	0.56
	26.26
	4.66
	23.26

	
	KP codebook 
	0.51
	28.35 (+8%)
	10.44 (+124%)
	27.21 (+17%)

	3D-UMa
with Offered Load=20Mb
	Cat.2 Baseline –(2beam)
	0.82
	20.42
	1.75
	15.87 

	
	KP codebook 
	0.71
	23.66 (+16%)
	5.40 (+208%)
	21.88 (+38%)


Table 4: FTP1 simulation results with different feedback types for (4, 8, 2, 32) 
	Scenario

/Offered Load


	Schemes
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi

with Offered Load=16Mbps
	Cat.2 Baseline –(4beam)
	0.602
	24.56
	4.03
	21.16

	
	KP codebook 
	0.53
	26.81 (+9%)
	8.37 (+108%)
	26.30 (+24%)

	3D-UMi

with Offered Load=20Mbps
	Cat.2 Baseline –(4beam)
	0.80
	19.23
	1.90
	15.04

	
	KP codebook 
	0.73
	21.29 (+11%)
	3.78 (+99%)
	20.03 (+33%)

	3D-UMa
with Offered Load=16Mbps
	Cat.2 Baseline –(4beam)
	0.59
	25.07 
	4.55 
	21.86

	
	KP codebook 
	0.53
	26.39 (+5%)
	9.55 (+110%)
	25.13 (+15%)

	3D-UMa
with Offered Load=20Mbps
	Cat.2 Baseline –(4beam)
	0.85
	19.02
	1.72
	13.84

	
	KP codebook 
	0.79
	19.86 (+4%)
	3.88 (+125%)
	16.58 (+20%)


It can be observed from Table 1-4 that the KP codebook provides significant gain compared to Cat-2 baseline.  Large gain can be obtained for cell edge UE especially for the wide antenna configuration.  
4. Conclusion

In this contribution, we discuss the KP codebook design under different TXRUs.  Performance evaluation is carried out to compare the performance between KP codebook based on non-precoded CSI-RS and Cat.2 baseline based on beamformed CSI-RS.  It can be observed that introducing a new codebook for 16TXRUs can potentially provide significant gain compared to the standard transparent scheme. Based on the analysis, it is recommended to further study the design of codebook for 16 and 32 TXRUs.
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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 ISD 200/3D UMa ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMI ISD 200: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: （M,N,P=8,4,2/4,8,2）
Receiver: 2Rx cross-polarized antenna at UE

	downtilt
	                                                    K=2:130o
 K=4:108o

	Downtilt 
	3D UMI ISD 200: 100°

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

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

	Feedback scheme
	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 Scheme
	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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