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[bookmark: _GoBack]Introduction
In RAN1#86, a way forward [2] on port layouts for Class A CSI reporting in Rel-14 was extensively discussed. One concern raised by some company was that evaluations were not done for all the proposed port layouts.  In this contribution, we present our system evaluation results for the port layouts included in the way forward.  
[bookmark: _Ref178064866]Discussion
The system performance of different antenna port layouts with 20, 24,28 and 32 antenna ports are presented under both the 3D UMi and the 3D UMa scenarios. They are compared with the performance of the corresponding 1D antenna array. More detailed simulation assumptions can be found in Appendix A.
The port layout details are summarized in Table 1 below, these are the set of port layouts in this table is the same as the set of port layouts proposed to be supported in rel-14 in the way forward [2]. The port layouts are grouped into “wide” and “tall” antenna array groups. In each group of port layouts, the corresponding 16 ports antenna is used as the baseline system for performance comparison.  2x1 virtualization is used in all the antenna configurations so a port layout of 1x8 corresponding to an antenna array of (M, N, P) = (2,8,2), where M, N and P are the number of antenna elements in vertical, horizontal and polarization domain, respectively.
[bookmark: _Ref462063724]Table 1: Port layouts for performance comparison of different number of antenna ports
	
	Port layout (VxH)

	Antenna
	16 ports
(baseline)
	20 ports
	24 ports
	28 ports
	32 ports

	1D “wide” array
	1x8
	1x10
	1x12
	1x14
	1x16

	2D “wide” array
	2x4
	2x5
	2x6
	2x7
	2x8

	2D “square” array
	4x2
	
	4x3, 3x4
	
	4x4

	2D “tall” array
	4x2
	5x2
	6x2
	7x2
	8x2

	1D “tall” array
	8x1
	10x1
	12x1
	14x1
	16x1


3D UMi
Figure 1 to Figure 5 shows the system performance gains with antennas of 20, 24,28 and 32 antenna ports over the baseline system with an antenna of 16 ports under 3D UMi scenario, all at 50% of resource utilization of the baseline system.  It can be seen the gain increases almost linearly as the antenna port number increases and for a given number of antenna ports, the gain is quite similar for different port layouts.  For 32 ports, mean throughput gains ranges from 18% to 23% and cell edge throughput gain ranges from 49% to 64% over 16 ports.
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[bookmark: _Ref462041615]Figure 1: 1D “wide” array: 16 ports vs. 20, 24, 28 and 32 ports
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Figure 2: 2D “wide” array: 16 ports vs. 20, 24, 28 and 32 ports
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Figure 3: 2D “square” array: 16 ports vs. 24 and 32 ports
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Figure 4: 2D “tall” array: 16 ports vs. 20, 24, 28 and 32 ports
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[bookmark: _Ref462041626]Figure 5:1D “tall” array: 16 ports vs. 20, 24, 28 and 32 ports
3D UMa
Figure 6 to Figure 10Figure 5 shows the performance gains with antennas of 20, 24, 28 and 32 antenna ports over the baseline antenna with 16 ports under 3D UMa scenario.  like the 3D UMi scenario, the gain increases almost linearly as the antenna port number increases and for a given number of antenna ports, the gain is quite similar for different port layouts.  For 32 ports, 20% to 29% mean throughput gain and 54% to 81% cell edge throughput gain are achieved over 16 ports. The largest gain is observed with 1D wide antenna array.
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[bookmark: _Ref462042186]Figure 6:1D “wide” array: 16 ports vs. 20, 24, 28 and 32 ports
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Figure 7: 2D wide array: 2D “wide” array: 16 ports vs. 20, 24, 28 and 32 ports
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Figure 8: 2D “square” array: 16 ports vs. 20, 24, 28 and 32 ports
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Figure 9:2D tall array: 16 ports vs. 20, 24, 28 and 32 ports
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[bookmark: _Ref462042197]Figure 10: 1D tall array: 16 ports vs. 20, 24, 28 and 32 ports
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc455664051][bookmark: _Toc455664055][bookmark: _Toc455664110][bookmark: _Toc455664649][bookmark: _Toc455664651][bookmark: _Toc455664817][bookmark: _Toc455665385][bookmark: _Toc463039499]Large UE throughput gains are observed with all antenna port layouts with 20,24,28 and 32 ports as outlined in [2] over the ones with 16 antenna ports baseline.  The gains increase almost linearly with number of antenna ports

Performance comparison of different baseline port layouts
  Figure 11 shows the performance comparison of different baseline systems of 16 ports under both 3D UMi and 3D UMa. Under 3D UMi, the 1D “tall” array 8x1 performs the best, the mean throughputs are similar, between 0% to 6%.  While in 3D UMa, the 1D “wide” array performs best.  Thus different port layouts are good in different scenarios and  there is no “bad” port layout.
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[bookmark: _Ref463010915]Figure 11: Performance comparison of different port layouts of the 16-port baseline systems
[bookmark: _Toc463039500]Different port layouts are good in difference scenarios, 1D wide array performs the best in 3D UMa.
Given the above observations, we have the following proposal:
[bookmark: _Toc463013505][bookmark: _Toc463039485][bookmark: _Toc463039501]Support all the port layouts outlined in the WF [2].
Conclusion
In this contribution, we have provided system performance results of various antenna port layouts for 20,24,28 and 32 antenna ports as outlined in the WF [2].  Based on the results, we do not see a “bad” layout. Different layouts perform differently in different scenarios, they all provide large gains over the baseline 16 ports systems.  Based on the results, we  have the following observations and proposal:
Observation 1	Large UE throughput gains are observed with all antenna port layouts with 20,24,28 and 32 ports as outlined in [2] over the ones with 16 antenna ports baseline.  The gains increase almost linearly with number of antenna ports
Observation 2	Different port layouts are good in difference scenarios, 1D wide array performs the best in 3D UMa.
Proposal 1	Support all the port layouts outlined in the WF [2].
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Appendix: A Simulation Assumptions 
	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD, 3D UMa

	Antenna Configurations
	(M, N):
16 ports:  2x8, 4x4, 8x2, 16x1 
20 ports:  2x10,4x5,10x2,20x1 
24 ports:  2x12, 4x6, 6x4, 8x3, 12x2, 24x1
28 ports:  2x14, 4x7, 14x2, 28x1
32 ports:  2x16, 4x8, 8x4, 16x2, 32x1
2x1 virtualization, UMi (130° tilt)  and UMa (122° tilt)

	Cell layout
	57 homogeneous cells 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE Rx antenna
	Two cross polarized isotropic antennas

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi) and 46dBm (UMa)

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for
Channel estimation error modeled.

	Codebook
	Rel-13 and extension, config 1, O1=O2=4

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB

	Transmission Mode
	TM10, with non-shifted CRS




Appendix B: Simulation Results 
3D UMi
Table 2: 1D “wide” antenna array
	Antenna
	2x8
	2x10
	2x12
	2x14
	2x16

	Number of antenna ports
	16
	10
	24
	28
	32

	Baseline RU = 20 %
	 
	 
	 
	 
	 

	Mean user throughput
	0%
	2%
	5%
	5%
	6%

	50% user throughput
	0%
	5%
	8%
	11%
	13%

	Cell-edge user throughput
	0%
	5%
	14%
	17%
	20%

	Baseline RU = 50 %
	 
	 
	 
	 
	 

	Mean user throughput
	0%
	7%
	12%
	14%
	18%

	50% user throughput
	0%
	10%
	18%
	21%
	27%

	Cell-edge user throughput
	0%
	14%
	27%
	33%
	49%

	Baseline RU = 70 %
	 
	 
	 
	 
	 

	Mean user throughput
	0%
	17%
	29%
	33%
	37%

	50% user throughput
	0%
	26%
	43%
	51%
	56%

	Cell-edge user throughput
	0%
	37%
	69%
	77%
	93%



Table 3: 2D “wide” antenna array
	Antenna
	4x4
	4x5
	4x6
	4x8

	Number of antenna ports
	16
	20
	24
	32

	Baseline RU = 20 %
	 
	
	
	

	Mean user throughput
	0%
	3%
	5%
	6%

	50% user throughput
	0%
	6%
	10%
	13%

	Cell-edge user throughput
	0%
	9%
	15%
	24%

	Baseline RU = 50 %
	 
	
	
	

	Mean user throughput
	0%
	8%
	12%
	19%

	50% user throughput
	0%
	11%
	17%
	27%

	Cell-edge user throughput
	0%
	19%
	31%
	52%

	Baseline RU = 70 %
	 
	
	
	

	Mean user throughput
	0%
	17%
	27%
	38%

	50% user throughput
	0%
	24%
	40%
	59%

	Cell-edge user throughput
	0%
	41%
	59%
	100%



Table 4: 2D “square” antenna array
	Antenna
	8x2
	6x4
	8x3
	8x4

	Number of antenna ports
	16
	24
	24
	32

	Baseline RU = 20 %
	
	 
	
	

	Mean user throughput
	0%
	5%
	5%
	7%

	50% user throughput
	0%
	9%
	9%
	14%

	Cell-edge user throughput
	0%
	17%
	16%
	27%

	Baseline RU = 50 %
	
	 
	
	

	Mean user throughput
	0%
	14%
	15%
	20%

	50% user throughput
	0%
	19%
	20%
	28%

	Cell-edge user throughput
	0%
	33%
	35%
	57%

	Baseline RU = 70 %
	
	 
	
	

	Mean user throughput
	0%
	26%
	29%
	39%

	50% user throughput
	0%
	37%
	42%
	58%

	Cell-edge user throughput
	0%
	55%
	69%
	97%



Table 5: 2D “tall” antenna array
	Antenna
	8x2
	10x2
	12x2
	14x2
	16x2

	Number of antenna ports
	16
	20
	24
	28
	32

	Baseline RU = 20 %
	 
	
	
	
	

	Mean user throughput
	0%
	3%
	5%
	6%
	7%

	50% user throughput
	0%
	5%
	9%
	13%
	15%

	Cell-edge user throughput
	0%
	11%
	19%
	24%
	28%

	Baseline RU = 50 %
	 
	
	
	
	

	Mean user throughput
	0%
	9%
	15%
	20%
	23%

	50% user throughput
	0%
	12%
	20%
	28%
	33%

	Cell-edge user throughput
	0%
	23%
	37%
	53%
	64%

	Baseline RU = 70 %
	 
	
	
	
	

	Mean user throughput
	0%
	18%
	32%
	35%
	43%

	50% user throughput
	0%
	26%
	47%
	52%
	63%

	Cell-edge user throughput
	0%
	41%
	78%
	85%
	117%



Table 6: 1D “tall” antenna array
	Antenna
	16x1
	20x1
	24x1
	28x1
	32x1

	Number of antenna ports
	16
	20
	24
	28
	32

	Baseline RU = 20 %
	 
	
	
	
	

	Mean user throughput
	0%
	3%
	6%
	6%
	7%

	50% user throughput
	0%
	6%
	10%
	13%
	15%

	Cell-edge user throughput
	0%
	11%
	20%
	25%
	27%

	Baseline RU = 50 %
	 
	
	
	
	

	Mean user throughput
	0%
	10%
	15%
	20%
	22%

	50% user throughput
	0%
	13%
	22%
	29%
	32%

	Cell-edge user throughput
	0%
	22%
	34%
	49%
	59%

	Baseline RU = 70 %
	 
	
	
	
	

	Mean user throughput
	0%
	19%
	32%
	40%
	46%

	50% user throughput
	0%
	28%
	48%
	58%
	69%

	Cell-edge user throughput
	0%
	44%
	76%
	99%
	121%



3D UMa
Table 7: 1D “wide” antenna array
	Antenna
	2x8
	2x10
	2x12
	2x14
	2x16

	Number of antenna ports
	16
	20
	24
	28
	32

	Baseline RU = 20 %
	 
	
	
	
	

	Mean user throughput
	0%
	3%
	5%
	6%
	7%

	50% user throughput
	0%
	5%
	9%
	12%
	15%

	Cell-edge user throughput
	0%
	7%
	12%
	18%
	23%

	Baseline RU = 50 %
	 
	
	
	
	

	Mean user throughput
	0%
	9%
	16%
	19%
	21%

	50% user throughput
	0%
	14%
	24%
	28%
	31%

	Cell-edge user throughput
	0%
	20%
	38%
	45%
	54%

	Baseline RU = 70 %
	 
	
	
	
	

	Mean user throughput
	0%
	18%
	26%
	35%
	41%

	50% user throughput
	0%
	25%
	39%
	54%
	63%

	Cell-edge user throughput
	0%
	32%
	53%
	80%
	97%



Table 8: 2D “wide” antenna array
	Antenna
	4x4
	4x5
	4x6
	4x8

	Number of ports
	16
	20
	24
	32

	Baseline RU = 20 %
	 
	
	
	

	Mean user throughput
	0%
	3%
	6%
	8%

	50% user throughput
	0%
	5%
	10%
	16%

	Cell-edge user throughput
	0%
	8%
	14%
	25%

	Baseline RU = 50 %
	 
	
	
	

	Mean user throughput
	0%
	9%
	16%
	23%

	50% user throughput
	0%
	15%
	24%
	35%

	Cell-edge user throughput
	0%
	21%
	39%
	63%

	Baseline RU = 70 %
	 
	
	
	

	Mean user throughput
	0%
	19%
	32%
	47%

	50% user throughput
	0%
	28%
	48%
	72%

	Cell-edge user throughput
	0%
	36%
	69%
	113%



Table 9: 2D “square” antenna array
	Antenna
	8x2
	6x4
	8x3
	8x4

	Number of ports
	16
	24
	24
	32

	Baseline RU = 20 %
	
	 
	
	

	Mean user throughput
	0%
	7%
	6%
	8%

	50% user throughput
	0%
	13%
	9%
	15%

	Cell-edge user throughput
	0%
	19%
	16%
	29%

	Baseline RU = 50 %
	
	 
	
	

	Mean user throughput
	0%
	24%
	19%
	28%

	50% user throughput
	0%
	35%
	27%
	42%

	Cell-edge user throughput
	0%
	60%
	48%
	77%

	Baseline RU = 70 %
	
	 
	
	

	Mean user throughput
	0%
	44%
	35%
	54%

	50% user throughput
	0%
	67%
	53%
	84%

	Cell-edge user throughput
	0%
	103%
	79%
	131%



Table 10: 2D “tall” antenna array
	Antenna
	8x2
	  10x2
	  12x2
	  14x2
	  16x2

	Number of ports
	16
	20
	24
	28
	32

	Baseline RU = 20 %
	 
	
	
	
	

	Mean user throughput
	0%
	2%
	4%
	5%
	7%

	50% user throughput
	0%
	4%
	7%
	10%
	14%

	Cell-edge user throughput
	0%
	5%
	12%
	16%
	23%

	Baseline RU = 50 %
	 
	
	
	
	

	Mean user throughput
	0%
	8%
	13%
	17%
	20%

	50% user throughput
	0%
	11%
	18%
	24%
	30%

	Cell-edge user throughput
	0%
	19%
	35%
	43%
	54%

	Baseline RU = 70 %
	 
	
	
	
	

	Mean user throughput
	0%
	13%
	23%
	31%
	47%

	50% user throughput
	0%
	21%
	35%
	50%
	75%

	Cell-edge user throughput
	0%
	24%
	39%
	71%
	109%



Table 11: 1D  “tall” antenna array
	Antenna
	16x1
	  20x1
	  24x1
	  28x1
	  32x1

	Number of ports
	16
	20
	24
	28
	32

	Baseline RU = 20 %
	 
	
	
	
	

	Mean user throughput
	0%
	3%
	6%
	8%
	9%

	50% user throughput
	0%
	4%
	10%
	13%
	15%

	Cell-edge user throughput
	0%
	7%
	17%
	25%
	31%

	Baseline RU = 50 %
	 
	
	
	
	

	Mean user throughput
	0%
	10%
	18%
	24%
	29%

	50% user throughput
	0%
	14%
	26%
	35%
	43%

	Cell-edge user throughput
	0%
	24%
	42%
	62%
	81%

	Baseline RU = 70 %
	 
	
	
	
	

	Mean user throughput
	0%
	21%
	37%
	46%
	57%

	50% user throughput
	0%
	33%
	57%
	75%
	92%

	Cell-edge user throughput
	0%
	48%
	83%
	118%
	152%
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