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1. Introduction
In this contribution, rank 3-8 codebook designs for class A CSI reporting are proposed based on the related agreements [2] in RAN1#82bis. In addition, the evaluation for the proposed codebook design is also provided. 
2. Rank 3-4 codebook

In the codebook designs for rank 3-4, we consider two candidates for orthogonal beam selection. As shown in Figure 1, option 1 considers the orthogonal beam selection in 1st domain only, while option 2 selects orthogonal beams in 2nd domain only. Note that the beam patterns for option 1 and 2 are transposed in our design. Based on this design principle, the proposed codebooks are listed in Table 1-3 for rank 3, Table 4-5 for rank 4, respectively.
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Figure 1: Illustration of orthogonal beam selection options with the parameters of 
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Table 1: Codebook for 3 layer CSI reporting with beam selection option 1
	
[image: image3.wmf]2

i


	0
	1

	
[image: image4.wmf]1112

,

ii


	
[image: image5.wmf]1111

22

21211111212

(3)

(0),(0),(0),(0)

sifpsigpsifpOsigp

+++++

W


	
[image: image6.wmf]11111212111121

22

2

(3)

(0),(0),(0),(0)

sifpOsigpsifpsigp

+++++

W



	
[image: image7.wmf]2

i


	2
	3

	
[image: image8.wmf]1112

,

ii


	
[image: image9.wmf]1111

22

21211111212

(3)

(1),(1),(1),(1)

sifpsigpsifpOsigp

+++++

W


	
[image: image10.wmf]11111212111121

22

2

(3)

(1),(1),(1),(1)

sifpOsigpsifpsigp

+++++

W



	
[image: image11.wmf]2

i


	4
	5

	
[image: image12.wmf]1112

,

ii


	
[image: image13.wmf]1111

22

21211111212

(3)

(2),(2),(2),(2)

sifpsigpsifpOsigp

+++++

W


	
[image: image14.wmf]11111212111121

22

2

(3)

(2),(2),(2),(2)

sifpOsigpsifpsigp

+++++

W



	
[image: image15.wmf]2

i


	6
	7

	
[image: image16.wmf]1112

,

ii


	
[image: image17.wmf]1111

22

21211111212

(3)

(3),(3),(3),(3)

sifpsigpsifpOsigp

+++++

W


	
[image: image18.wmf]11111212111121

22

2

(3)

(3),(3),(3),(3)

sifpOsigpsifpsigp

+++++

W
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Table 2: Definition of function
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Table 3: Codebook for 3 layer CSI reporting with beam selection option 2
	
[image: image33.wmf]2

i


	0
	1

	
[image: image34.wmf]1112

,

ii


	
[image: image35.wmf]111121211112122

22

(3)

(0),(0),(0),(0)

sigpsifpsigpsifpO

+++++

W


	
[image: image36.wmf]111121221111212

22

(3)

(0),(0),(0),(0)

sigpsifpOsigpsifp

+++++

W



	
[image: image37.wmf]2

i


	2
	3

	
[image: image38.wmf]1112

,

ii


	
[image: image39.wmf]111121211112122

22

(3)

(1),(1),(1),(1)

sigpsifpsigpsifpO

+++++

W


	
[image: image40.wmf]111121221111212

22

(3)

(1),(1),(1),(1)

sigpsifpOsigpsifp

+++++

W



	
[image: image41.wmf]2

i


	4
	5

	
[image: image42.wmf]1112

,

ii


	
[image: image43.wmf]111121211112122

22

(3)

(2),(2),(2),(2)

sigpsifpsigpsifpO

+++++

W


	
[image: image44.wmf]111121221111212

22

(3)

(2),(2),(2),(2)

sigpsifpOsigpsifp

+++++

W



	
[image: image45.wmf]2

i


	6
	7

	
[image: image46.wmf]1112

,

ii


	
[image: image47.wmf]111121211112122

22

(3)

(3),(3),(3),(3)

sigpsifpsigpsifpO

+++++

W


	
[image: image48.wmf]111121221111212

22

(3)

(3),(3),(3),(3)

sigpsifpOsigpsifp

+++++

W



	Entries 8-15 constructed with replacing
[image: image49.wmf]''

212

1

(3)

,,,

mmmm

W

 in entries 0-7 with
[image: image50.wmf]''

21

1

2

(3)

,,,

mmmm

W

%

.


Table 4: Codebook for 4 layer CSI reporting with beam selection option 1
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Table 5: Codebook for 4 layer CSI reporting with beam selection option 2
	
[image: image69.wmf]2

i


	0
	1

	
[image: image70.wmf]1112

,

ii


	
[image: image71.wmf]11112121111212

22

2

(4)

(0),(0),(0),(0),0

sigpsifpsigpsifpO

+++++

W


	
[image: image72.wmf]11112121111212

22

2

(4)

(0),(0),(0),(0),1

sigpsifpsigpsifpO

+++++

W



	
[image: image73.wmf]2

i


	2
	3

	
[image: image74.wmf]1112

,

ii


	
[image: image75.wmf]11112121111212

22

2

(4)

(1),(1),(1),(1),0

sigpsifpsigpsifpO

+++++

W


	
[image: image76.wmf]11112121111212

22

2

(4)

(1),(1),(1),(1),1

sigpsifpsigpsifpO

+++++

W



	
[image: image77.wmf]2

i


	4
	5

	
[image: image78.wmf]1112

,

ii


	
[image: image79.wmf]11112121111212

22

2

(4)

(2),(2),(2),(2),0

sigpsifpsigpsifpO

+++++

W


	
[image: image80.wmf]11112121111212

22

2

(4)

(2),(2),(2),(2),1

sigpsifpsigpsifpO

+++++

W



	
[image: image81.wmf]2

i


	6
	7

	
[image: image82.wmf]1112

,

ii


	
[image: image83.wmf]11112121111212

22

2

(4)

(3),(3),(3),(3),0

sigpsifpsigpsifpO

+++++

W


	
[image: image84.wmf]11112121111212

22

2

(4)

(3),(3),(3),(3),1

sigpsifpsigpsifpO

+++++

W




In the proposed rank 3-4 codebooks, we consider 
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for Config 2-4. It is worthwhile to note that W1 includes the feedback for option selection.
3. Rank 5-8 codebook

The codebooks for rank 5-6 consist of 3 orthogonal beams. In the case of rank 7-8, 4 orthogonal beams are selected to construct codebook. Figure 2 illustrates the principle of codebook construction for rank 5-8.  
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Figure 2: Illustration of rank 5-8 codebooks of Config 3 with the parameters of 
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The detailed designs are listed in Table 6-9 below.
Table 6: Codebook for 5 layer CSI reporting 
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Table 7: Codebook for 6 layer CSI reporting 
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Table 8: Codebook for 7 layer CSI reporting 
	
[image: image119.wmf]2

i


	0

	
[image: image120.wmf]1112

,

ii


	
[image: image121.wmf]111121211112121111

212222

21211111212

2

(7)

(0),(0),(0),(0),(0),(0),(0),(0)

sifpsigpsifpOsigpsifpsigpOsifpOsigpO

++++++++++++

W



	
[image: image122.wmf]2

i


	1

	
[image: image123.wmf]1112

,

ii


	
[image: image124.wmf]111121211112121111

212222

21211111212

2

(7)

(1),(1),(1),(1),(1),(1),(1),(1)

sifpsigpsifpOsigpsifpsigpOsifpOsigpO

++++++++++++

W



	
[image: image125.wmf]2

i


	2

	
[image: image126.wmf]1112

,

ii


	
[image: image127.wmf]111121211112121111

212222

21211111212

2

(7)

(2),(2),(2),(2),(2),(2),(2),(2)

sifpsigpsifpOsigpsifpsigpOsifpOsigpO

++++++++++++

W



	
[image: image128.wmf]2

i


	3

	
[image: image129.wmf]1112

,

ii


	
[image: image130.wmf]111121211112121111

212222

21211111212

2

(7)

(3),(3),(3),(3),(3),(3),(3),(3)

sifpsigpsifpOsigpsifpsigpOsifpOsigpO

++++++++++++

W



	where 
[image: image131.wmf]''''''''''''''''''

1212121212

''''''''''''

2121212

''''''''''''''''''

12121

1212

1

12

22

2

112

1

1

(7)

,,,,,

2

,,

14

1

mmmmmmmmmm

mmmmmmmm

mmmmmmmm

mmmm

mmm

mm

m

vuvuvuvuvu

vuvu

vuvuvuvuvuvu

N

vu

N

ÄÄÄÄÄ

éù

ÄÄ

=

êú

Ä-ÄÄ-ÄÄ-ÄÄ

êú

ëû

W

 and
[image: image132.wmf](),()

0,1,2,3

g

l

fll

"=

 is listed in Table 2.


Table 9: Codebook for 8 layer CSI reporting 
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In the proposed rank 5-8 codebooks, we consider 
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for Config 2-4. In the above, we focused on 2D port layout cases, thereby orthogonal beams with 
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distances from reference beams according to Config are chosen.  For the 1D port layout case, we can extend our codebook designs by replacing 
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4. Performance Evaluation
In this section, we evaluate the performance of proposed codebook designs up to rank 4 for 16 TXRU in 3D-UMi scenario. Also, we employ the rank 2 codebook in our companion contribution [3] and assume the oversampling factor as (O1,O2)=(4,4). Detailed simulation parameters and assumptions are listed in Annex A. We consider our proposed codebook design with 
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for Config 2-4.
Table 1: Required feedback bits for each configuration with (O1,O2)=(4,4)

	
	Config 1
	Config 2
	Config 3
	Config 4

	
	LGE 
	[4]
	LGE 
	[4]
	LGE 
	[4]
	LGE 
	[4]

	Rank 3
	W1
	8
	9
	4
	5
	4
	5
	4
	6

	
	W2
	2
	1
	4
	4
	4
	4
	4
	4

	Rank 4
	W1
	8
	9
	4
	5
	4
	5
	4
	6

	
	W2
	1
	1
	3
	3
	3
	3
	3
	3


Table 1 summarizes the required feedback bits for each configuration of our proposal and [4]. Since we consider two orthogonal beam selection options, additional one bit is needed for W1. On the other hand, schemes in [4] require 2 bits for orthogonal beam selection. Table 2 and 3 exhibit the performance comparison for (2, 4, 2, 16) and (4, 2, 2, 16), respectively. As shown in tables, for Config 1, 2 and 3, our proposed schemes provide almost same performance compared to the schemes in [4] with reduced 1 bit for orthogonal beam selection. This may be interpreted that 1 bit for orthogonal beam selection is sufficient. For Config 4, [4] employs one more bit for W1 beam grouping compared to proposed scheme, and this may lead performance enhancement.
Table 2: Performance comparison for (2, 4, 2, 16) in 3D-UMi scenario with (O1,O2)=(4,4)
	
	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)

	Config 1
	 LGE

Alt. 1
	5.393 
	
	1.990 
	
	5.128 
	0.15
	2

	
	
	3.905 
	
	0.998 
	
	3.604 
	0.35
	3.5

	
	
	2.806 
	
	0.412 
	
	2.312 
	0.62
	5

	
	Source [4]
	5.382 
	-0.2%
	2.010 
	1.0%
	5.063 
	0.15
	2

	
	
	3.893 
	-0.3%
	0.975 
	-2.2%
	3.571 
	0.35
	3.5

	
	
	2.795 
	-0.4%
	0.421 
	2.2%
	2.312 
	0.62
	5

	Config 2
	 LGE

Alt. 1
	5.419 
	
	2.010 
	
	5.128 
	0.15
	2

	
	
	3.951 
	
	1.028 
	
	3.670 
	0.35
	3.5

	
	
	2.838 
	
	0.426 
	
	2.353 
	0.61
	5

	
	Source [4]
	5.418 
	0.0%
	2.020 
	0.5%
	5.128 
	0.15
	2

	
	
	3.953 
	0.0%
	1.031 
	0.3%
	3.670 
	0.35
	3.5

	
	
	2.848 
	0.3%
	0.426 
	0.0%
	2.381 
	0.61
	5

	Config 3

	 LGE

Alt. 1
	5.421 
	
	2.020 
	
	5.128 
	0.15
	2

	
	
	3.960 
	
	1.028 
	
	3.670 
	0.35
	3.5

	
	
	2.850 
	
	0.425 
	
	2.367 
	0.61
	5

	
	Source [4] 
	5.442 
	0.4%
	2.020 
	0.0%
	5.128 
	0.15
	2

	
	
	3.972 
	0.3%
	1.028 
	0.0%
	3.670 
	0.35
	3.5

	
	
	2.868 
	0.7%
	0.426 
	0.0%
	2.395 
	0.61
	5

	Config 4
	LGE

Alt. 1
	5.411 
	
	2.031 
	
	5.128 
	0.15
	2

	
	
	3.923 
	
	0.988 
	
	3.604 
	0.35
	3.5

	
	
	2.819 
	
	0.418 
	
	2.353 
	0.62
	5

	
	Source

[4]
	5.452 
	0.8%
	2.051 
	1.0%
	5.128 
	0.15
	2

	
	
	3.975 
	1.3%
	1.026 
	3.8%
	3.704 
	0.35
	3.5

	
	
	2.862 
	1.5%
	0.429 
	2.6%
	2.395 
	0.61
	5


Table 3: Performance comparison for (4, 2, 2, 16) in 3D-UMi scenario with (O1,O2)=(4,4)
	
	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)

	Config 1
	 LGE
	5.072 
	
	1.794 
	
	4.819 
	0.16
	2

	
	
	3.525 
	
	0.808 
	
	3.175 
	0.39
	3.5

	
	
	2.358 
	
	0.258 
	
	1.818 
	0.71
	5

	
	Source [4]
	5.072 
	0.0%
	1.786 
	-0.4%
	4.819 
	0.16
	2

	
	
	3.526 
	0.0%
	0.802 
	-0.8%
	3.175 
	0.39
	3.5

	
	
	2.346 
	-0.5%
	0.257 
	-0.1%
	1.802 
	0.71
	5

	Config 2
	 LGE
	5.115 
	
	1.802 
	
	4.819 
	0.16
	2

	
	
	3.563 
	
	0.821 
	
	3.226 
	0.39
	3.5

	
	
	2.393 
	
	0.273 
	
	1.852 
	0.7
	5

	
	Source [4]
	5.117 
	0.0%
	1.835 
	1.8%
	4.819 
	0.16
	2

	
	
	3.568 
	0.1%
	0.816 
	-0.6%
	3.200 
	0.39
	3.5

	
	
	2.396 
	0.1%
	0.270 
	-0.9%
	1.852 
	0.7
	5

	Config 3

	 LGE
	5.102 
	
	1.794 
	
	4.819 
	0.16
	2

	
	
	3.554 
	
	0.821 
	
	3.200 
	0.39
	3.5

	
	
	2.364 
	
	0.260 
	
	1.827 
	0.71
	5

	
	Source [4] 
	5.136 
	0.7%
	1.827 
	1.8%
	4.819 
	0.16
	2

	
	
	3.575 
	0.6%
	0.823 
	0.2%
	3.226 
	0.39
	3.5

	
	
	2.389 
	1.0%
	0.264 
	1.7%
	1.835 
	0.71
	5

	Config 4
	LGE
	5.060 
	
	1.778 
	
	4.819 
	0.16
	2

	
	
	3.475 
	
	0.792 
	
	3.101 
	0.4
	3.5

	
	
	2.314 
	
	0.245 
	
	1.786 
	0.72
	5

	
	Source

[4]
	5.114 
	1.1%
	1.835 
	3.2%
	4.819 
	0.16
	2

	
	
	3.557 
	2.4%
	0.803 
	1.4%
	3.200 
	0.39
	3.5

	
	
	2.357 
	1.9%
	0.255 
	3.9%
	1.802 
	0.71
	5


More results for Alt.1 with antenna virtualization and 3D-Uma scenario are listed in Annex B. For the antenna virtualization, we assume that 4 TXRUs per column per polarization is virtualized to two adjacent antenna elements in the same column and polarization with tilting of 100 degrees. Similar trend for the antenna virtualization cases is observed in all tables in Annex B. 

For the performance improvement, we consider Alt. 2 with 
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for Config 4 which requires one additional bit for beam grouping in W​1. Table 4 presents the required feedback bits for Alt. 2 and [5] which is a revision of [4]. In [5], we consider orthogonal beam selection of 1 bit since allowing 3 bits for orthogonal beam selection does not provide significant performance gain as observed in [6].
Table 4: Required feedback bits for each configuration with (O1,O2)=(4,4)

	
	Config 1
	Config 2
	Config 3
	Config 4

	
	LGE 
	[5]
	LGE 
	[5]
	LGE 
	[5]
	LGE Alt. 2
	[5]

	Rank 3
	W1
	8
	8
	4
	6
	4
	5
	5
	6

	
	W2
	2
	1
	4
	4
	4
	4
	4
	4

	Rank 4
	W1
	8
	8
	5
	5
	5
	5
	5
	6

	
	W2
	1
	1
	3
	3
	3
	3
	3
	3


Table 5: Performance comparison for (2, 4, 2, 16) in 3D-UMi scenario with (O1,O2)=(4,4)

	
	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)

	Config 1
	 LGE
	5.393 
	
	1.990 
	
	5.128 
	0.15
	2

	
	
	3.905 
	
	0.998 
	
	3.604 
	0.35
	3.5

	
	
	2.806 
	
	0.412 
	
	2.312 
	0.62
	5

	
	Source [5]
	5.362 
	-0.6%
	1.980 
	-0.5%
	5.063 
	0.15
	2

	
	
	3.881 
	-0.6%
	0.995 
	-0.3%
	3.571 
	0.35
	3.5

	
	
	2.781 
	-0.9%
	0.412 
	0.0%
	2.299 
	0.62
	5

	Config 2
	 LGE
	5.419 
	
	2.010 
	
	5.128 
	0.15
	2

	
	
	3.951 
	
	1.028 
	
	3.670 
	0.35
	3.5

	
	
	2.838 
	
	0.426 
	
	2.353 
	0.61
	5

	
	Source [5]
	5.453 
	0.63%
	2.031 
	1.04%
	5.178 
	0.15
	2

	
	
	3.961 
	0.25%
	1.028 
	0.00%
	3.670 
	0.35
	3.5

	
	
	2.853 
	0.53%
	0.422 
	-0.94%
	2.381 
	0.61
	5

	Config 3

	 LGE
	5.421 
	　
	2.020 
	　
	5.128 
	0.15
	2

	
	
	3.960 
	　
	1.028 
	　
	3.670 
	0.35
	3.5

	
	
	2.850 
	　
	0.425 
	　
	2.367 
	0.61
	5

	
	Source [5] 
	5.451 
	0.55%
	2.031 
	0.54%
	5.128 
	0.15
	2

	
	
	3.980 
	0.51%
	1.044 
	1.56%
	3.670 
	0.35
	3.5

	
	
	2.868 
	0.63%
	0.432 
	1.65%
	2.410 
	0.61
	5

	Config 4
	LGE

Alt. 2
	5.437 
	　
	2.000 
	　
	5.128 
	0.15
	2

	
	
	3.952 
	　
	1.010 
	　
	3.636 
	0.35
	3.5

	
	
	2.847 
	　
	0.427 
	　
	2.395 
	0.61
	5

	
	Source

[5]
	5.459 
	0.40%
	2.031 
	1.55%
	5.195 
	0.15
	2

	
	
	3.972 
	0.51%
	1.013 
	0.30%
	3.670 
	0.35
	3.5

	
	
	2.874 
	0.95%
	0.433 
	1.41%
	2.424 
	0.61
	5


Table 6: Performance comparison for (4, 2, 2, 16) in 3D-UMi scenario with (O1,O2)=(4,4)

	
	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)

	Config 1
	 LGE
	5.072 
	
	1.794 
	
	4.819 
	0.16
	2

	
	
	3.525 
	
	0.808 
	
	3.175 
	0.39
	3.5

	
	
	2.358 
	
	0.258 
	
	1.818 
	0.71
	5

	
	Source [5]
	5.056 
	-0.3%
	1.778 
	-0.9%
	4.762 
	0.16
	2

	
	
	3.503 
	-0.6%
	0.798 
	-1.2%
	3.150 
	0.4
	3.5

	
	
	2.344 
	-0.6%
	0.258 
	0.0%
	1.794 
	0.71
	5

	Config 2
	 LGE
	5.115 
	
	1.802 
	
	4.819 
	0.16
	2

	
	
	3.563 
	
	0.821 
	
	3.226 
	0.39
	3.5

	
	
	2.393 
	
	0.273 
	
	1.852 
	0.7
	5

	
	Source [5]
	5.143 
	0.55%
	1.827 
	1.39%
	4.819 
	0.16
	2

	
	
	3.573 
	0.28%
	0.820 
	-0.12%
	3.200 
	0.39
	3.5

	
	
	2.400 
	0.29%
	0.267 
	-2.20%
	1.861 
	0.7
	5

	Config 3

	 LGE
	5.102 
	　
	1.794 
	　
	4.819 
	0.16
	2

	
	
	3.554 
	　
	0.821 
	　
	3.200 
	0.39
	3.5

	
	
	2.364 
	　
	0.260 
	　
	1.827 
	0.71
	5

	
	Source [5] 
	5.136 
	0.67%
	1.827 
	1.84%
	4.819 
	0.16
	2

	
	
	3.575 
	0.59%
	0.821 
	0.00%
	3.226 
	0.39
	3.5

	
	
	2.384 
	0.85%
	0.261 
	0.38%
	1.835 
	0.71
	5

	Config 4
	LGE

Alt. 2
	5.098 
	　
	1.810 
	　
	4.819 
	0.16
	2

	
	
	3.510 
	　
	0.789 
	　
	3.150 
	0.4
	3.5

	
	
	
	　
	
	　
	
	
	5

	
	Source

[5]
	5.119 
	0.41%
	1.810 
	0.00%
	4.819 
	0.16
	2

	
	
	3.545 
	1.00%
	0.803 
	1.77%
	3.200 
	0.39
	3.5

	
	
	2.356 
	
	0.248 
	
	1.802 
	0.72
	5


Table 5 and 6 exhibit the performance comparison for (2, 4, 2, 16) and (4, 2, 2, 16), respectively. For Config 1, our proposed codebook provides up to 1.2% gain over [5] for (4, 2, 2, 16). For Config 2-4, our proposed codebook provides almost identical performance with reduced W1 feedback bits. In the case of medium load for (4, 2, 2,16) with Config 2, proposed codebook shows the 2.2% performance gain for 5% UE. Therefore, we can conclude the required W1 feedback bits for Config 2, 3 and 4 are 4, 4 and 5 bits, respectively, are sufficient. Table 7 summarizes the proposed codebook parameters. 
Table 7: Proposed codebook parameters

	
	Config 1 
	Config 2
	Config 3
	Config 4
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Proposal 1. Adopt proposed rank 3-8 codebook designs for EB/FD-MIMO. 

Proposal 2. Adopt codebook parameters in Table 7.
5. Conclusion
In this contribution, we propose codebook designs for rank 3-8 and evaluate their performance. The proposal based on the discussion above is given as follow:
Proposal 1. Adopt proposed rank 3-8 codebook designs for EB/FD-MIMO. 

Proposal 2. Adopt codebook parameters in Table 7.
______________________________________________________________________
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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, 3D-UMa with ISD = 500m in 2GHz

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

	MS antenna configurations 
	4 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) in 3D-UMi scenario with (O1,O2)=(4,4)

	
	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)

	Config 1
	 LGE
	5.301 
	
	1.980 
	
	5.000 
	0.15
	2

	
	
	3.882 
	
	0.978 
	
	3.604 
	0.35
	3.5

	
	
	2.779 
	
	0.400 
	
	2.294 
	0.61
	5

	
	Source [4]
	5.304 
	0.0%
	1.990 
	0.5%
	5.000 
	0.15
	2

	
	
	3.874 
	-0.2%
	0.973 
	-0.5%
	3.604 
	0.35
	3.5

	
	
	2.770 
	-0.3%
	0.398 
	-0.6%
	2.273 
	0.61
	5

	Config 2
	 LGE
	5.369 
	
	1.970 
	
	5.063 
	0.15
	2

	
	
	3.936 
	
	1.010 
	
	3.670 
	0.35
	3.5

	
	
	2.809 
	
	0.406 
	
	2.339 
	0.61
	5

	
	Source [4]
	5.389 
	0.4%
	2.020 
	2.5%
	5.063 
	0.15
	2

	
	
	3.952 
	0.4%
	1.020 
	1.0%
	3.704 
	0.35
	3.5

	
	
	2.825 
	0.6%
	0.415 
	2.2%
	2.353 
	0.6
	5

	Config 3

	 LGE
	5.340 
	
	1.980 
	
	5.000 
	0.15
	2

	
	
	3.911 
	
	1.000 
	
	3.636 
	0.35
	3.5

	
	
	2.790 
	
	0.398 
	
	2.326 
	0.61
	5

	
	Source [4] 
	5.382 
	0.8%
	2.010 
	1.5%
	5.063 
	0.15
	2

	
	
	3.952 
	1.1%
	0.971 
	-2.9%
	3.670 
	0.35
	3.5

	
	
	2.830 
	1.4%
	0.409 
	2.8%
	2.353 
	0.61
	5

	Config 4
	LGE
	5.299 
	
	1.961 
	
	5.000 
	0.15
	2

	
	
	3.859 
	
	0.962 
	
	3.604 
	0.35
	3.5

	
	
	2.735 
	
	0.382 
	
	2.265 
	0.62
	5

	
	Source

[4]
	5.371 
	1.4%
	1.990 
	1.5%
	5.063 
	0.15
	2

	
	
	3.922 
	1.6%
	0.971 
	1.0%
	3.636 
	0.35
	3.5

	
	
	2.792 
	2.1%
	0.389 
	1.6%
	2.299 
	0.62
	5


Table B-2: Performance comparison for (8, 4, 2, 16) in 3D-UMi scenario with (O1,O2)=(4,4)

	
	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)

	Config 1
	 LGE
	5.646 
	
	2.139 
	
	5.480 
	0.14
	2

	
	
	4.364 
	
	1.238 
	
	4.167 
	0.31
	3.5

	
	
	3.361 
	
	0.666 
	
	2.985 
	0.52
	5

	
	Source [4]
	5.665 
	0.3%
	2.151 
	0.5%
	5.480 
	0.14
	2

	
	
	4.375 
	0.3%
	1.235 
	-0.3%
	4.167 
	0.31
	3.5

	
	
	3.370 
	0.3%
	0.659 
	-1.0%
	2.985 
	0.52
	5

	Config 2
	 LGE
	5.691 
	
	2.162 
	
	5.480 
	0.14
	2

	
	
	4.422 
	
	1.254 
	
	4.211 
	0.3
	3.5

	
	
	3.407 
	
	0.667 
	
	3.008 
	0.51
	5

	
	Source [4]
	5.722 
	0.5%
	2.198 
	1.6%
	5.556 
	0.14
	2

	
	
	4.448 
	0.6%
	1.290 
	2.9%
	4.211 
	0.3
	3.5

	
	
	3.439 
	0.9%
	0.679 
	1.9%
	3.053 
	0.51
	5

	Config 3

	 LGE
	5.686 
	
	2.186 
	
	5.405 
	0.14
	2

	
	
	4.397 
	
	1.250 
	
	4.211 
	0.31
	3.5

	
	
	3.392 
	
	0.668 
	
	3.008 
	0.51
	5

	
	Source [4] 
	5.743 
	1.0%
	2.198 
	0.5%
	5.480 
	0.14
	2

	
	
	4.457 
	1.4%
	1.270 
	1.6%
	4.211 
	0.3
	3.5

	
	
	3.452 
	1.8%
	0.674 
	0.9%
	3.077 
	0.51
	5

	Config 4
	LGE
	5.629 
	
	2.162 
	
	5.405 
	0.14
	2

	
	
	4.356 
	
	1.238 
	
	4.167 
	0.31
	3.5

	
	
	3.352 
	
	0.654 
	
	2.963 
	0.52
	5

	
	Source

[4]
	5.729 
	1.8%
	2.174 
	0.5%
	5.556 
	0.14
	2

	
	
	4.450 
	2.2%
	1.270 
	2.5%
	4.255 
	0.3
	3.5

	
	
	3.440 
	2.6%
	0.672 
	2.9%
	3.053 
	0.51
	5


Table B-3: Performance comparison for (2,4, 2, 16) in 3D-UMa scenario with (O1,O2)=(4,4)

	
	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)

	Config 1
	 LGE
	4.849 
	
	1.581 
	
	4.598 
	0.17
	2

	
	
	3.410 
	
	0.703 
	
	2.963 
	0.41
	3.5

	
	
	2.300 
	
	0.216 
	
	1.667 
	0.73
	5

	
	Source [4]
	4.829 
	-0.4%
	1.563 
	-1.2%
	4.598 
	0.17
	2

	
	
	3.392 
	-0.5%
	0.699 
	-0.5%
	2.963 
	0.41
	3.5

	
	
	2.286 
	-0.6%
	0.216 
	0.3%
	1.633 
	0.73
	5

	Config 2
	 LGE
	4.878 
	
	1.600 
	
	4.651 
	0.17
	2

	
	
	3.453 
	
	0.723 
	
	3.030 
	0.41
	3.5

	
	
	2.333 
	
	0.221 
	
	1.695 
	0.73
	5

	
	Source [4]
	4.877 
	0.0%
	1.581 
	-1.2%
	4.651 
	0.17
	2

	
	
	3.441 
	-0.4%
	0.716 
	-1.1%
	3.030 
	0.41
	3.5

	
	
	2.328 
	-0.2%
	0.223 
	1.1%
	1.709 
	0.73
	5

	Config 3

	 LGE
	4.897 
	
	1.619 
	
	4.651 
	0.17
	2

	
	
	3.457 
	
	0.733 
	
	3.053 
	0.41
	3.5

	
	
	2.339 
	
	0.221 
	
	1.732 
	0.73
	5

	
	Source [4] 
	4.913 
	0.3%
	1.613 
	-0.4%
	4.651 
	0.17
	2

	
	
	3.470 
	0.4%
	0.738 
	0.7%
	3.030 
	0.4
	3.5

	
	
	2.350 
	0.5%
	0.224 
	1.6%
	1.732 
	0.72
	5

	Config 4
	LGE
	4.892 
	
	1.594 
	
	4.651 
	0.17
	2

	
	
	3.445 
	
	0.722 
	
	3.053 
	0.41
	3.5

	
	
	2.323 
	
	0.218 
	
	1.702 
	0.73
	5

	
	Source

[4]
	4.909 
	0.3%
	1.626 
	2.0%
	4.651 
	0.17
	2

	
	
	3.482 
	1.1%
	0.733 
	1.5%
	3.054 
	0.4
	3.5

	
	
	2.357 
	1.4%
	0.224 
	2.9%
	1.724 
	0.72
	5


Table B-4: Performance comparison for (4, 2, 2, 16) in 3D-UMa scenario with (O1,O2)=(4,4)

	
	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)

	Config 1
	 LGE
	4.441 
	
	1.342 
	
	4.211 
	0.19
	2

	
	
	2.838 
	
	0.475 
	
	2.326 
	0.5
	3.5

	
	
	1.724 
	
	0.099 
	
	0.913 
	0.85
	5

	
	Source [4]
	4.428 
	-0.3%
	1.329 
	-1.0%
	4.167 
	0.19
	2

	
	
	2.833 
	-0.2%
	0.475 
	0.0%
	2.326 
	0.5
	3.5

	
	
	1.723 
	-0.1%
	0.098 
	-0.6%
	0.909 
	0.85
	5

	Config 2
	 LGE
	4.458 
	
	1.361 
	
	4.167 
	0.19
	2

	
	
	2.872 
	
	0.481 
	
	2.381 
	0.49
	3.5

	
	
	1.751 
	
	0.102 
	
	0.935 
	0.85
	5

	
	Source [4]
	4.468 
	0.2%
	1.361 
	0.0%
	4.255 
	0.19
	2

	
	
	2.874 
	0.1%
	0.479 
	-0.5%
	2.395 
	0.49
	3.5

	
	
	1.749 
	-0.1%
	0.101 
	-0.7%
	0.946 
	0.84
	5

	Config 3

	 LGE
	4.464 
	
	1.356 
	
	4.211 
	0.19
	2

	
	
	2.847 
	
	0.468 
	
	2.353 
	0.5
	3.5

	
	
	1.726 
	
	0.096 
	
	0.922 
	0.85
	5

	
	Source [4] 
	4.482 
	0.4%
	1.365 
	0.7%
	4.255 
	0.19
	2

	
	
	2.869 
	0.7%
	0.476 
	1.8%
	2.381 
	0.5
	3.5

	
	
	1.738 
	0.7%
	0.097 
	0.7%
	0.930 
	0.85
	5

	Config 4
	LGE
	4.415 
	
	1.325 
	
	4.167 
	0.19
	2

	
	
	2.827 
	
	0.458 
	
	2.339 
	0.5
	3.5

	
	
	1.722 
	
	0.097 
	
	0.926 
	0.85
	5

	
	Source

[4]
	4.476 
	1.4%
	1.348 
	1.8%
	4.211 
	0.19
	2

	
	
	2.867 
	1.4%
	0.472 
	3.1%
	2.381 
	0.49
	3.5

	
	
	1.747 
	1.5%
	0.100 
	3.0%
	0.930 
	0.85
	5
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