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1 Introduction
At the previous RAN1 meeting, the array configurations to be studied were discussed and one open issue for Phase 2 evaluations is the number of antenna columns to investigate in this study item. In this contribution we give motivation and results that show that a wide array is beneficial in the studied scenarios. Hence we propose that this study item should not be restricted to “tall” array antennas but should also include “wide” array antennas. 

2 Deployment of wide array antennas
Today, square antenna deployments are rare and front ends are commonly rectangular, which makes them suitable for mast mounted deployments using the “tall” orientation. “Wide” orientation of the rectangular antenna is less common, except for wall mounted antennas; see Figure 1 for an example of “wide” vs. “tall” and on rooftop installations, see Figure 2. The wide orientation gives traditionally poor coverage with a narrow beam in horizontal angle, but with introduction of UE specific beamforming as investigated in this SI, wide antenna orientation becomes enormously more attractive since the narrow beam can be steered.
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Figure 1 Example of a “wide” and a “tall” deployment of an antenna array
It should be observed that despite the fixed narrow beam in horizontal direction, without possibility to perform UE specific beamforming such wide installations do exists even today, see Figure 2 and Figure 3. 

Observation: Horizontal, “wide” rectangular array installations exist today despite the lack of possibility of performing horizontal beamforming. With the techniques considered in this SI, horizontal UE specific beamforming will be possible with such “wide” arrays, making this deployment a very attractive solution. 

In scenarios where users are predominantly distributed in azimuth and not so much in elevation, such as covering a square or a street canyon with less need for elevation beamforming, it is desirable to maximize the benefits of UE specific beamforming in the horizontal dimension. Here the “wide” deployment makes much more sense than a “tall” deployment.
Observation: In scenarios having users distributed in azimuth and increasing the number of antenna ports in the horizontal domain would give additional beamforming benefits that match the actual user distribution in the cell.

The use of more than 8 TXRU in this study item thus has the potential to enhance the linear array MIMO performance significantly compared to earlier releases. The reason for the benefits is the reduced interference by the narrower horizontal beams when increasing the number of TXRU in the horizontal domain and the way this matches the main user density as seen from the eNB.  
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Figure 2 Example of a horizontally oriented wall mounted antenna
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Figure 2 Example of a horizontally oriented rooftop mounted antenna

From a deployment perspective, our sources give that “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. 
On the legislation and permit aspect of deploying wide antennas, there are no known obstacles apart from a slight “mind-set change” for network planners. This mind-set change is well motivated when considering the achievable network performance benefits of such installations as is shown in the next section. 
Observation: There are no legislation or permit obstacles in deploying horizontally oriented antennas, but there could be a need for a mindset change.
3 Simulation results

An investigation of the performance of tall, square, and wide antenna arrays with 8, 16, and 32 TXRUs was performed. One TXRU per antenna sub-element and polarization was assumed and 3D UMa and 3D UMi channel models were used.  

Note that these comparisons, for a given number of TXRUs are made using an approximately same antenna area.  Since a large total antenna area may be problematic in some deployment scenarios, it makes sense to investigate what is the best orientation (tall or wide) of the antenna and how the antenna ports are distributed in vertical or horizontal direction, respectively. 
Table 1 Performance comparison of different array configurations with 16 TXRU at 50% RU
	
	
	Antenna

	
	
	8Vx1H «tall»
	4Vx2H
«tall»
	2Vx4H
«wide»
	1Vx8H
«wide»

	UMi
	Cell edge
	0%
	25%
	95%
	156%

	
	Mean
	0%
	11%
	35%
	59%

	UMa
	Cell edge
	0%
	51%
	130%
	216%

	
	Mean
	0%
	21%
	52%
	81%


Table 2 Performance comparison of different array configurations with 32 TXRU at 50% RU
	
	
	Antenna

	
	
	16Vx1H
«tall»
	8Vx2H
«tall»
	4Vx4H
«square»
	2Vx8H
«wide»
	1Vx16H
«wide»

	UMi
	Cell edge
	0%
	17%
	53%
	95%
	153%

	
	Mean
	0%
	5%
	20%
	37%
	55%

	UMa
	Cell edge
	0%
	49%
	105%
	162%
	250%

	
	Mean
	0%
	22%
	44%
	62%
	85%


Table 3 Performance comparison of different array configurations with 64 TXRU at 50% RU
	
	
	Antenna

	
	
	32Vx1H
«tall»
	16Vx2H
«tall»
	8Vx4H
«tall»
	4Vx8H
«wide»
	2Vx16H
«wide»
	1Vx32H
«wide»

	UMi
	Cell edge
	0%
	-3%
	15%
	41%
	82%
	132%

	
	Mean
	0%
	-3%
	5%
	15%
	28%
	46%

	UMa
	Cell edge
	0%
	13%
	38%
	94%
	131%
	195%

	
	Mean
	0%
	3%
	16%
	32%
	48%
	67%


Observations:
· Wide antenna arrays show significantly better performance than tall antenna arrays given the same number of TXRUs and thus the same antenna area
· Increasing the maximum number of columns from N=4 to N=8 increases the performance significantly for UE specific beamforming
· Increasing even further to N=16 and N=32 columns seem to give even more gains, there is no gain saturation in these simulations as the number of columns N increases
· The gains are consistently larger in UMa compared to UMi
The explanation why increasing the number of antenna ports in the horizontal domain compared to the vertical domain is more beneficial comes from the spatial traffic distribution. In these scenarios, the traffic is broadly 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 due to the high degree of isolation between different beams and larger traffic spread in angle as seen from the base station. 
The UMi deployment of wide antennas (below rooftop) is generally more attractive from wind load etc, and the results show significant benefit also for UMi although UMa deployment of wide arrays could give even larger gains compared to tall deployments. 
4 Conclusion
Based on the discussion and results presented in this contribution, it seems that a wide distribution of the antenna array has the best performance. We think that all kinds of array configurations should be studied in this SI, and there is no reason to restrict the study to a single column or “square-like” 2D antenna arrays, but also horizontal arrays should be part of the study. Moreover, the wide arrays with many columns seem to have the best performance so it further increases the importance of studying this.
It is proposed:
· Study N=1,2,4,8,16 and 32 antenna columns as well as M=1,2,4,8,16 and 32 antenna rows in the Phase 2 evaluations
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6 Appendix

Simulator settings:

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMa 500m ISD, 3D UMi 200m ISD

	Cell layout
	1 vertical sector per azimuthal sector (baseline), 57 azimuthal sectors in total

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	6 ms

	CSI mode
	Aperiodic mode 3-1

	Outer loop LA
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	46 dBm in UMa

41 dBm in UMi

	Traffic model
	FTP model 1, 500 kb packets

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	Not modeled. Overhead accounted for.

	DMRS overhead
	2 antenna ports

	CSI-RS overhead
	Not included 

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in both directions

	Cell selection
	Antenna sub-element based.

	Handover margin
	1 dB
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