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1. Introduction
In RAN1#82 meeting, following agreements for FD-MIMO codebook has been made. 
Agreement:
· For each of [8], 12 and 16 Tx ports, a precoding matrix W in the codebook is represented as:
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where:
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 is a N1xL1 matrix with L1 column vectors being an O1x oversampled DFT vector of length N1: [image: image9.png]jeml
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 is a N2xL2 matrix with L2 column vectors being an O2x oversampled DFT vector of length N2: [image: image13.png]jeml
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· N1  and N2 are the numbers of antenna ports per pol in 1st and 2nd dim.
· FFS whether to select different beams (e.g. different X1 or X2) for the two pols
· FFS column selection from KP applied to W1
· The number of bits on PUSCH/PUCCH CSI reports should be determined considering performance, overhead and UE complexity.
· Down-select or merge the 4 alternatives into one in the next meeting
· Including necessary RRC parameters
Also, through the e-mail discussion [82-16], following working assumptions are agreed. 

Working Assumption:
·         Homogenous scenarios: At least 3D-UMa 500m and 3D-UMi 200m.  

·         Antenna element spacing 0.8λ vertically and 0.5λ horizontally 

·         Used TXRU virtualization model and tilts should be described by the proponent
In this contribution, we propose codebook designs for 16-port CSI-RS and provide their performance evaluation results.

2. Codebook designs for 16-port CSI-RS
In this section, codebook designs for 16 TXRUs as depicted in Figure 1 are presented. The proposed codebook has dual codebook structure as 
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where W1 corresponds to long term and/or wideband channel properties, and W2  corresponds to short-term and subband channel properties. In addition, W1 consists of two identical sub matrices representing beam directions in two polarization groups, and W2 corresponds to the quantized polarization phase and beam selection of W1. Due to dual codebook structure, feedback overhead can be saved by configuring different feedback periodicity, i.e., long term feedback for W1 and short term feedback for W2. 
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Figure 1. 2D antenna configurations with 16 TXRUs

Compared to Rel. 12/10 codebooks, the main difference in codebook design for 2D antenna array is exploiting additional degrees of freedom in vertical domain. To this end, Kronecker product of horizontal and vertical DFT matrices is introduced in W1 while maintaining the block diagonal structure as  
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where 
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is an index for W1, 
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is a number of feedback bits for W1,  and 
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 is constructed by Kronecker product of selected columns of horizontal and vertical grid-of-beam vectors according to 
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2.1. Codebook designs for W1
First, we define a fat matrix of W1 as 
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are fat matrices for horizontal and vertical domain, respectively. 
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where 
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 and 
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indicates the oversampling factor in horizontal domain. Similarly, 
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can be constructed from the M-Tx DFT vectors as
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  and 
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indicates the vertical oversampling factor. After Kronecker product operation, the total number of beams in fat matrix X becomes
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where 
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The feedback overhead for W1, L1, is closely related to oversampling factor and beam grouping for W1.  In this contribution, we consider following oversampling factors for each antenna configuration, and the evaluation results using following parameters will be shown in Section 3. 

· (4,2,2,16): OV=2, 4, 8 and OH=8,16 
· (2,4,2,16): OV=4, 8, 16 and OH=8 
From now, we illustrate methods to determine 
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 which is defined as a 
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-th subset of X and is related to the beam grouping of W1. Assuming 
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 includes 4 beams, we have 3 options constructing  
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 as follows:
· Opt. 1: Horizontal stripe - For a given vertical beam, sequential 4 beams in horizontal domain are chosen. In this option, 2 beams are overlapped between adjacent 
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· Opt. 2: Rectangle - Sequential 2 beams in both horizontal and vertical domains are chosen, and 2 beams are overlapped between adjacent 
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· Opt. 3: Check pattern – For given 8 beams which are constructed from 4 sequential horizontal beams and 2 sequential vertical beams, 4 beams are chosen one across the one, i.e., check pattern. In this option, 2 beams are overlapped between 
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For the explanation purpose, Figure 2 is presented below. 


[image: image50]
Figure 2. Graphical description of option 1, 2 and 3 with 
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It is worthwhile noting that option 2 and 3 can have one additional degrees of freedom in vertical domain compared to option 1. 
If we allow 8 beams for
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-bit long term feedback, approaches of option 2 and 3 can be applied. In these cases, 4 beams out of 8 beams are overlapped between
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’s as shown in Figure 3. Then, we have (9) and (10) corresponding to option 4 and 5, respectively, as
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[image: image57]
Figure 3. Graphical description of Option 4 and 5 with 
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As a result, W1 matrix is constructed using equation (2) and either of (6), (7), (8), (9) or (10). 
2.2. Codebook designs for W2
For the case of Option 1, 2 and 3, we can reuse W2 in Rel. 12 4Tx codebook, since 
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consists of 4 beams. Then, for rank 1, we have W2 as   
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where 
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is rotation term to increase the quantization resolution of co-phasing between two polarization groups. 

For rank 2, W2 is expressed as
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where 
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    In option 4 and 5, 
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 contains 8 beams and this increases one additional feedback bits for W2. 
In a similar way, for rank 1, W2 can be constructed as
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For rank 2, W2 is expressed as
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where 
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. Note that the selection pairs in (14) are obtained by comparing Chordal distance of all possible codebook pairs. In these option 4 and 5, 5 bits are required for short term feedback, i.e.,
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3. Performance Evaluation
In this section, we evaluate the performance among Cat-2 baseline and various codebook designs for 16-TXRU. For fair comparison, following CSI-RS overhead listed in Table 1 is considered.  
Table 1: Parameters for 2D codebook designs

	
	Cat-2 baseline
	Proposed Codebook designs

	 # of REs for NZP and ZP CSI-RSs
	16*3
	16*3

	CSI-RS periodicity [ms]
	10
	10

	average CSI-RS overhead (REs/RB/subframe)
	4.8
	4.8

	CSI-RS de-boosting factor
	1
	2


Due to the RS power restriction for non-precoded based schemes, the CSI-RS de-boosting factor is introduced in our simulation. The CSI-RS de-boosting factor of 2 indicates that the CSI-RS transmission power becomes a half of that for Cat-2 baseline. Also, 10ms feedback periodicity is assumed since the scheme based on increasing CSI-RS feedback periodicity may provide better performance than the scheme with increasing CSI-RS overhead as shown in [2].
Table 2: Performance comparison for (4, 2, 2, 16) with codebook option 1 in 3D-UMi scenario
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Cat-2 baseline
	3.083 
	
	0.797 
	
	2.817 
	0.28
	2

	
	2.006 
	
	0.260 
	
	1.487 
	0.59
	3

	
	1.344 
	
	0.077 
	
	0.687 
	0.84
	4

	OH=16, OV=2
	3.147 
	2.1%
	0.885 
	11.1%
	2.963 
	0.27
	2

	
	2.199 
	9.6%
	0.352 
	35.1%
	1.747 
	0.53
	3

	
	1.535 
	14.3%
	0.115 
	49.4%
	0.930 
	0.79
	4

	OH=16, OV=4
	3.165 
	2.7%
	0.897 
	12.6%
	2.963 
	0.27
	2

	
	2.223 
	10.8%
	0.357 
	37.1%
	1.794 
	0.52
	3

	
	1.569 
	16.8%
	0.122 
	59.0%
	0.990 
	0.78
	4

	OH=16, OV=8
	3.175 
	3.0%
	0.909 
	14.1%
	3.008 
	0.26
	2

	
	2.234 
	11.3%
	0.372 
	43.2%
	1.794 
	0.52
	3

	
	1.571 
	16.9%
	0.124 
	60.4%
	0.983 
	0.78
	4

	OH=8, OV=2
	3.165 
	2.7%
	0.887 
	11.3%
	2.985 
	0.27 
	2 

	
	2.195 
	9.4%
	0.348 
	33.6%
	1.739 
	0.53 
	3 

	
	1.540 
	14.6%
	0.113 
	47.1%
	0.928 
	0.79 
	4 

	OH=8, OV=4
	3.174 
	3.0%
	0.903 
	13.3%
	2.985 
	0.27 
	2 

	
	2.234 
	11.4%
	0.363 
	39.7%
	1.810 
	0.52 
	3 

	
	1.563 
	16.3%
	0.120 
	55.8%
	0.966 
	0.78 
	4 

	OH=8, OV=8
	3.189 
	3.4%
	0.907 
	13.8%
	3.008 
	0.26 
	2 

	
	2.234 
	11.3%
	0.364 
	39.8%
	1.794 
	0.52 
	3 

	
	1.573 
	17.0%
	0.122 
	58.1%
	0.978 
	0.78 
	4 


Table 2 exhibits the comparison results for (4, 2, 2, 16) in 3D UMi scenario with codebook option 1 and various oversampling factors for both horizontal and vertical domains. The simulation results for 3D UMa 500m is listed in Table B-4. In the simulations, CSI-RS port is one-to-one mapped to TXRU. In addition, cell association is based on RSRP from CRS port 0 which is mapped to the first TXRU, and vertical beam selection margin is assumed to be 3dB. Detailed evaluation assumptions are listed in Annex A. As shown in the Table 2, larger oversampling factor provides larger performance gain. However, comparing performance among cases of OH=16 and OH=8, we can observe that two factors show the similar performance. Specifically, the case of OH=16, OV=8 provides up to 16.9% and 60.4% gain over Cat-2 baseline in terms of mean and 5% UE throughput, respectively, while those of OH=8, OV=8 case are 17% and 58.1%. In Table B-1 in Appendix B, similar trend is observed for the (8, 2, 2, 16) where 4 TXRUs per column per polarization and a TXRU is virtualized to two adjacent antenna elements in the same column and polarization with tilting of 100 degrees. Thus, it would be good to choose OH=8 and OV=8 considering the feedback bits for W1.
Table 3: Performance comparison for (2, 4, 2, 16) with codebook option 1 in 3D-UMi scenario
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Cat-2 baseline
	3.419 
	
	1.047 
	
	3.390 
	0.24
	2

	
	2.587 
	
	0.514 
	
	2.247 
	0.45
	3

	
	1.913 
	
	0.200 
	
	1.404 
	0.7
	4

	OH=8, OV=4
	3.442 
	0.7%
	1.070 
	2.1%
	3.419 
	0.23
	2

	
	2.609 
	0.8%
	0.544 
	5.8%
	2.299 
	0.44
	3

	
	1.942 
	1.5%
	0.222 
	10.8%
	1.434 
	0.69
	4

	OH=8, OV=8
	3.448 
	0.9%
	1.087 
	3.8%
	3.448 
	0.23
	2

	
	2.615 
	1.1%
	0.542 
	5.5%
	2.299 
	0.44
	3

	
	1.950 
	1.9%
	0.224 
	11.9%
	1.444 
	0.69
	4

	OH=8, OV=16
	3.445 
	0.8%
	1.090 
	4.1%
	3.419 
	0.23
	2

	
	2.610 
	0.9%
	0.540 
	5.1%
	2.286 
	0.44
	3

	
	1.954 
	2.1%
	0.223 
	11.3%
	1.449 
	0.69
	4


Table 3 exhibits the performance comparison results for (2, 4, 2, 16) with codebook option 1 and various oversampling factors for vertical domains. The results for (4, 4, 2, 16) and (8, 4, 2, 16) with the tilting angle of 100 degrees are presented in the Table B-2 and B-3, respectively. Also, the simulation results for 3D-UMa 500m are listed in Table B-5. Similar to tall antenna port layout cases, larger oversampling factor also gives us better throughput performance in fat antenna port layout cases. In the perspective of feedback bits for W1, OH=8, OV=8 requires W1=8bits while OH=9, OV=8 requires W1=9bits. Due to the marginal performance improvement between two cases, OH=8, OV=8 is a better solution for both tall and fat antenna port layout. 
Proposal1. Considering the feedback bits for W1, oversampling factors should be determined as the value of OH=8, OV=8 for 16-TXRU.
In Table 4, we compare the performance of proposed codebook design options. Since the W1 in option 1, 2 and 3 consists of 4 beams, the feedback bits for W2 in these cases are 4. For option 4 and 5, it is required 5 bits for W2. Due to exploiting short-term vertical beam selection, option 2 and 3 provide slight performance gain over option 1. The further optimization of vertical beam spacing in W1 for option 2 and 3 may provide the performance enhancement. Comparing option 1, 4 and 5, we have up to 2.6% and 4.6% performance gain for average and 5% UE throughout, respectively, at the expense of one additional feedback bit of W2. Among codebook options, codebook design based on the check pattern may be a good candidate for 16-TXRU due to its superior performance. 
Proposal2. Codebook design for 2D antenna array should be determined among the 5 options. 

Table 4: Performance comparison for (4, 2, 2, 16) with OH=8, OV=8 in 3D-UMi scenario
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Option 1
	3.174 
	
	0.903 
	
	2.985 
	0.27
	2

	
	2.234 
	
	0.363 
	
	1.810 
	0.52
	3

	
	1.563 
	
	0.120 
	
	0.966 
	0.78
	4

	Option 2
	3.182 
	0.3%
	0.899 
	-0.4%
	3.008 
	0.26
	2

	
	2.233 
	0.0%
	0.367 
	0.9%
	1.810 
	0.52
	3

	
	1.577 
	0.9%
	0.124 
	3.0%
	0.985 
	0.78
	4

	Option 3
	3.189 
	0.5%
	0.893 
	-1.1%
	2.985 
	0.26
	2

	
	2.243 
	0.4%
	0.365 
	0.6%
	1.810 
	0.52
	3

	
	1.583 
	1.3%
	0.119 
	-1.2%
	0.978 
	0.78
	4

	Option 4
	3.211 
	1.2%
	0.920 
	1.8%
	3.053 
	0.26
	2

	
	2.265 
	1.4%
	0.371 
	2.2%
	1.827 
	0.52
	3

	
	1.596 
	2.1%
	0.124 
	3.7%
	1.000 
	0.78
	4

	Option 5
	3.235 
	1.9%
	0.922 
	2.1%
	3.077 
	0.26
	2

	
	2.285 
	2.3%
	0.380 
	4.6%
	1.861 
	0.51
	3

	
	1.603 
	2.6%
	0.123 
	2.8%
	1.008 
	0.78
	4


4. Conclusion
In this contribution, we propose codebook design options for 16-TRXRU and evaluate their performance. The observation and proposal based on the discussion above are given as follow:
Proposal1. Considering the feedback bits for W1, oversampling factors should be determined as the value of OH=8, OV=8 for 16-TXRU.
Proposal2. Codebook design for 2D antenna array should be determined among the 5 options. 
______________________________________________________________________
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 Annex A: Simulation Parameters and Assumptions
Table A-1: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	Antenna elements config: 4 x 2 x 2 (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU, high ~70%RU) [1]

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	CSI-RS, CRS 
	CSI-RS one-to-one mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first TXRU

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback
	CQI, PMI and RI reporting triggered per 10ms

	
	Feedback delay is 5 ms 

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB 

	Transmission scheme
	TM10, single CSI process, SU -MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput.


Annex B: Simulation Results
Table B-1: Performance comparison for (8, 2, 2, 16) with codebook option 1 in 3D-UMi scenario
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Cat-2 baseline
	3.359 
	
	0.964 
	
	3.279 
	0.25
	2

	
	2.362 
	
	0.404 
	
	1.914 
	0.5
	3

	
	1.648 
	
	0.123 
	
	1.031 
	0.77
	4

	OH=8, OV=2
	3.400 
	1.2%
	1.055 
	9.5%
	3.306 
	0.24
	2

	
	2.534 
	7.3%
	0.506 
	25.3%
	2.198 
	0.46
	3

	
	1.873 
	13.7%
	0.191 
	55.4%
	1.342 
	0.7
	4

	OH=8, OV=4
	3.414 
	1.6%
	1.070 
	11.0%
	3.361 
	0.24
	2

	
	2.561 
	8.4%
	0.522 
	29.3%
	2.222 
	0.45
	3

	
	1.903 
	15.5%
	0.199 
	62.2%
	1.404 
	0.69
	4

	OH=8, OV=8
	3.415 
	1.7%
	1.081 
	12.2%
	3.348 
	0.24
	2

	
	2.560 
	8.4%
	0.528 
	30.6%
	2.210 
	0.45
	3

	
	1.908 
	15.8%
	0.203 
	65.0%
	1.424 
	0.69
	4


Table B-2: Performance comparison for (4, 4, 2, 16) with codebook option 1 in 3D-UMi scenario
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Cat-2 baseline
	3.557 
	
	1.112 
	
	3.670 
	0.22
	2

	
	2.730 
	
	0.591 
	
	2.454 
	0.42
	3

	
	2.075 
	
	0.251 
	
	1.587 
	0.66
	4

	OH=8, OV=4
	3.578 
	0.6%
	1.177 
	5.8%
	3.670 
	0.22
	2

	
	2.772 
	1.5%
	0.634 
	7.3%
	2.516 
	0.41
	3

	
	2.139 
	3.1%
	0.272 
	8.6%
	1.692 
	0.64
	4

	OH=8, OV=8
	3.579 
	0.6%
	1.173 
	5.5%
	3.636 
	0.22
	2

	
	2.776 
	1.7%
	0.638 
	8.1%
	2.516 
	0.41
	3

	
	2.145 
	3.3%
	0.278 
	10.9%
	1.702 
	0.63
	4

	OH=8, OV=16
	3.579 
	0.6%
	1.163 
	4.5%
	3.670 
	0.22
	2

	
	2.781 
	1.9%
	0.641 
	8.5%
	2.516 
	0.41
	3

	
	2.150 
	3.6%
	0.279 
	11.1%
	1.717 
	0.63
	4


Table B-3: Performance comparison for (8, 4, 2, 16) with codebook option 1 in 3D-UMi scenario
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Cat-2 baseline
	3.631 
	
	1.198 
	
	3.810 
	0.22
	2 

	
	2.896 
	
	0.654 
	
	2.649 
	0.39
	3 

	
	2.250 
	
	0.300 
	
	1.827 
	0.62
	4 

	OH=8, OV=4
	3.681 
	1.4%
	1.282 
	7.1%
	3.922 
	0.21
	2 

	
	2.998 
	3.5%
	0.763 
	16.8%
	2.778 
	0.37
	3 

	
	2.396 
	6.5%
	0.399 
	33.1%
	2.031 
	0.57
	4 

	OH=8, OV=8
	3.682 
	1.4%
	1.299 
	8.4%
	3.884 
	0.21
	2 

	
	3.007 
	3.8%
	0.771 
	17.9%
	2.797 
	0.37
	3 

	
	2.405 
	6.9%
	0.393 
	31.3%
	2.062 
	0.57
	4 

	OH=8, OV=16
	3.682 
	1.4%
	1.295 
	8.1%
	3.884 
	0.21
	2 

	
	3.007 
	3.8%
	0.771 
	17.9%
	2.797 
	0.37
	3 

	
	2.411 
	7.2%
	0.399 
	33.1%
	2.051 
	0.57
	4 


Table B-4: Performance comparison for (4, 2, 2, 16) with codebook option 1 in 3D-UMa 500m scenario

	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Cat-2 baseline
	2.479 
	
	0.493 
	
	2.000 
	0.36
	2 

	
	1.490 
	
	0.125 
	
	0.881 
	0.73
	3 

	
	0.961 
	
	0.043 
	
	0.320 
	0.89
	4 

	OH=8, OV=2
	2.583 
	4.2%
	0.576 
	16.9%
	2.174 
	0.34
	2 

	
	1.659 
	11.3%
	0.175 
	39.4%
	1.084 
	0.68
	3 

	
	1.071 
	11.4%
	0.055 
	27.3%
	0.408 
	0.88
	4 

	OH=8, OV=4
	2.600 
	4.9%
	0.573 
	16.2%
	2.186 
	0.34
	2 

	
	1.667 
	11.9%
	0.175 
	39.9%
	1.090 
	0.68
	3 

	
	1.075 
	11.9%
	0.056 
	29.3%
	0.418 
	0.87
	4 

	OH=8, OV=8
	2.593 
	4.6%
	0.582 
	18.0%
	2.174 
	0.34
	2 

	
	1.663 
	11.6%
	0.176 
	40.3%
	1.089 
	0.68
	3 

	
	
	
	
	
	
	
	4 


Table B-5: Performance comparison for (2, 4, 2, 16) with codebook option 1 in 3D-UMa 500m scenario

	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Cat-2 baseline
	2.962 
	
	0.738 
	
	2.721 
	0.29
	2 

	
	2.105 
	
	0.315 
	
	1.619 
	0.56
	3 

	
	1.421 
	
	0.096 
	
	0.777 
	0.82
	4 

	OH=8, OV=2
	3.020 
	2.0%
	0.797 
	8.0%
	2.797 
	0.28
	2 

	
	2.165 
	2.8%
	0.338 
	7.4%
	1.688 
	0.54
	3 

	
	1.473 
	3.6%
	0.111 
	16.1%
	0.825 
	0.8
	4 

	OH=8, OV=4
	3.019 
	1.9%
	0.810 
	9.8%
	2.778 
	0.28
	2 

	
	2.165 
	2.9%
	0.339 
	7.6%
	1.709 
	0.54
	3 

	
	1.474 
	3.7%
	0.109 
	14.0%
	0.823 
	0.8
	4 

	OH=8, OV=8
	3.016 
	1.8%
	0.802 
	8.7%
	2.778 
	0.28
	2 

	
	2.164 
	2.8%
	0.340 
	7.7%
	1.688 
	0.54
	3 

	
	
	
	
	
	
	
	4 
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