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Introduction
In RAN1#85, the followings were concluded on Class A codebook enhancement for up to 32 ports [1]:
Conclusion:
· Class A codebook enhancement: 
· Starting from Rel-13 Class A codebook design structure by enabling different N1 and N2 combinations 
· Reduce the number of combinations of codebook parameters (N1, N2, O1, and/or O2) 
· To be concluded in RAN1#86
· Examples: 
· Down select from 19 (N1,N2) combinations; and/or
· Reduce the number of (O1,O2) combinations
· Other possibilities are not excluded 

In this contribution, we discuss the benefits of support of 1D antenna port layouts with more than 16 ports for Class A CSI reporting.
Performance of 1D vs. 2D Antenna 
With introduction of UE specific beamforming in eFD-MIMO, large 1D antennas deployed in the horizontal dimension can be more attractive as narrower beam can be steered toward a UE.  This would reduce interference in scenarios where users are predominantly distributed in azimuth and not so much in elevation.  In this case, it matches the main user density as seen from the eNB.  
We have investigated the performance between 1D and 2D antennas, all with 32 antenna ports. The 1D antenna has a horizontal port layout of 1x16 (i.e. one row x 16 columns per polarization). The 2D antenna port layouts investigated are 8x2, 4x4, and 2x8.  A 2x1 virtualization was used, thus the 1x16 1D port layout corresponds to an antenna array of 2x16 antenna elements per polarization. These antennas thus have approximately the same antenna area. 3GPP ftp model-1 was used with 500kB packet size. More detailed simulation assumptions are summarized in the Appendix.
Figure 1 shows the performance of 1D and 2D antenna port layouts with 32 ports under 3D UMa. The UE throughputs are obtained at 50% resource utilization.  It can be seen that 1D 1x16 layout performs significantly better than all the three 2D layouts (8x2,4x4, and 2x8).  The 1x16 layout yields 32% mean and 68% cell edge gains over the 8x2 layout. 

[bookmark: _Ref458752555]Figure 1: Performance comparison between 1D and 2D antennas with 32 ports

Observation 1:
· 1D antenna port layout shows significantly better performance than 2D antenna port layouts
· For the same number of antenna ports and the same antenna area, up to 32% mean and 68% cell edge UE throughput gains are seen by 1D port layouts

The performance gains seen by the 1D antenna ports deployed in the horizontal domain over the 2D counter part come from the spatial traffic distribution. In the 3D UMa scenario, the traffic is uniformly distributed in azimuth but only narrowly in the elevation domain. Hence, it is better to improve the beamforming capability and have narrow beamforming lobes in the azimuth direction than in the elevation direction. This will significantly reduce interference and also improve the possibilities for MU-MIMO. 

Deployment of 1D Antenna Port Layouts
In scenarios where users are predominantly distributed in azimuth and not so much in elevation, it is desirable to maximize the benefits of UE specific beamforming in the horizontal dimension. Here a 1D antenna port layout deployment makes much more sense than a 2D antenna port layout deployment.
It should be observed that 1D antenna port layout deployments do exist today despite the fixed narrow beam in horizontal direction and without possibility of performing UE specific beamforming, see Figure 2 (wall mounted) and Figure 3 (pole mounted).  From a deployment perspective, “wide” orientation of antennas is actually easier to hide and install on walls compared to “tall” orientation of a rectangular antenna.  In some cases, a wide antenna orientation would be more appropriate i.e. sitting on top of a parapet wall for example would make it more visibly appealing and safer to maintain.   See Figure 2 for an examples of wall mounted eNB antennas. 
Observation 2: 
· 1D array installations exist today despite the lack of possibility of performing horizontal beamforming. With the techniques considered in eFD-MIMO, horizontal UE specific beamforming will be possible with such “wide” arrays, making this deployment a very attractive solution. 
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Figure 2: Example of a horizontally oriented wall mounted antenna
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[bookmark: _Ref458755831]Figure 3 Example of a horizontally oriented pole mounted antenna


Based on these observations, we have the following proposal:

Proposal:
· 1D port layouts with (N1,N2) =(16,1), (14,1), (12,1), (10,1) should be supported for Class A in Rel-14

Conclusion
In this contribution, we have shown that 1D antenna port layouts perform significantly better than 2D antenna port layouts under 3D UMa.  Based on the discussion and results presented in this contribution, 1D antenna port layouts with 20, 24, 28, 32 ports should be supported in Rel-14.

Observation 1:
· 1D antenna port layout shows significantly better performance than 2D antenna port layouts
· For the same number of antenna ports and the same antenna area, up to 32% mean and 68% cell edge UE throughput gains are seen by 1D port layouts
Observation 2: 
· 1D array installations exist today despite the lack of possibility of performing horizontal beamforming. With the techniques considered in eFD-MIMO, horizontal UE specific beamforming will be possible with such “wide” arrays, making this deployment a very attractive solution.

Proposal:
· 1D port layouts with (N1,N2) =(16,1), (14,1), (12,1), (10,1) are supported for Class A in Rel-14
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Appendix

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMa 500m ISD,

	Cell layout
	57 sectors

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	Aperiodic mode 3-2

	Outer loop LA
	Yes, 10% BLER target

	UE antenna
	2Rx

	UE noise figure 
	9 dB

	eNB Tx power 
	46 dBm in UMa

	eNB antenna
	(M,N,P) =(16,2,2), (8,4,2), (4,8,2), (2,16,2) with 2x1 virtualization

	Traffic model
	FTP model 1, 500 kb packets

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS
	Non-shifted CRS (2 ports). Overhead accounted for.

	DMRS overhead
	2 antenna ports

	CSI-RS overhead
	Included 

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, and 0.5 lambda in horizontal

	Codebook
	Rel-13 config-1 extension

	Handover margin
	3 dB




Performance of 1D vs. 2D Port Layout ( 3D UMa) 
Mean user throughput	
8x2	4x4	2x8	1x16	0	0.1	0.21	0.32	Cell-edge user throughput	
8x2	4x4	2x8	1x16	0	0.21	0.44	0.68	Port layout

UE throughput gain 
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