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1 Introduction
In RAN#65, the study item of elevation beamforming and FD-MIMO for LTE was approved [1]. Compared with conventional MIMO schemes, the introduction of 2D antenna array makes it possible to fully exploit the degrees of freedom in the elevation dimension and enable eNB to adapt the beam pattern individually for UE in vertical direction. As conventional MIMO schemes in LTE already support up to 8 RF chains, it is of interest to study if 8 RF chains are sufficient to get the benefit of elevation beamforming with a 2D antenna array. In this contribution, we discuss various possible 8TXRU configurations and study their performance.
2 Potential 8TXRU configurations
In [1], two TXRU virtualization models are proposed.  In both models, a TXRU is virtualized by some co-polarized antenna elements in a (M, N, P) antenna array.  In this section, we discuss several possible 8TXRU configurations.  We divide these configurations into two categories:
· 1D TXRU virtualization – a TXRU is virtualized by co-polarized antenna elements in the same column. 
· 2D TXRU virtualization – a TXRU is virtualized by antenna elements in multiple columns.
2.1 1D 8TXRU virtualization
With 1D virtualization, we consider two 8TXRUs configurations as shown in Table 1.  Note that Config 1-1 is also used for Phase 1 evaluation.
Table 1  1D 8TXRU configuration
	Configurations
	Antenna element array

(M, N, P)
	# elements per TXRU

K
	TXRU array



	Config 1-1
	(8, 4, 2)
	8
	XXXX

	Config 1-2
	(8, 1, 2)
	2
	X
X

X

X


2.2 2D TXRU virtualization
Besides 1D TXRU virtualization, a TXRU may be virtualized by antenna elements in multiple columns.  The virtualization weight, [image: image2.png]


, can be constructed by a vertical weighting vector, [image: image4.png]Wy



, and a horizontal weight vector, [image: image6.png]Wy



, as follows
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We consider two possible 8TXRU configurations as shown in Figure 1.
· Config 2-1 – The (8, 4, 2) antenna element array is divided into 8 sub-arrays.  Each sub-array is comprised with 2x2 dual-polarized antenna elements as shown in Figure 1(a).  Each sub-array is virtualized to a TXRU by using either [image: image9.png]wy @ wy,



 or [image: image11.png]wy @ wy,



, where 
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, [image: image17.png].



 is the electrical down tilt.
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 is in a staggering manner as shown in Figure 1(a).
· Config 2-2 – The (8, 4, 2) antenna element array is divided into 4 sub-arrays.  Each sub-array is comprised with 4x2 dual-polarized antenna elements as shown in Figure 1(b).  Each sub-array is virtualized to two TXRUs by using both [image: image23.png]wy @ wy,



 and [image: image25.png]wy @ wy,



, where
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	(a) Config. 2-1
	(b) Config. 2-2


Figure 1  2D 8TXRU virtualization.
3 Initial performance evaluation results
To assess the performance benefit of various 8TXRU configuration, system-level evaluation has been performed.  We have simulated the 3D eigen-beamforming (EBF) performance under 3D-UMa and 3D-UMi with bursty traffic.  We follow the agreed simulation assumption in [2].  The performance evaluation results are summarized in Table 2 and Table 3.  It shows that Config 1-1 always outperforms other configurations in median and high loading cases.  
Table 2  Performance of various 8TXRU configurations (3D-UMa w/ 200m ISD, 2GHz)

	
	3D-UMa w/ 200m ISD, λ = 2.5 users/s/cell
	3D-UMa w/ 200m ISD, λ = 5 users/s/cell

	
	RU
	5% UPT [Mbps]
	50% UPT [Mbps]
	RU
	5% UPT [Mbps]
	50% UPT [Mbps]

	Cfg. 1-1
	42%
	5.53
	
	22.22
	
	88%
	3.68
	
	11.94
	

	Cfg. 1-2
	58%
	4.53
	(−18%)
	20.00
	(−10%)
	91%
	1.81
	(−51%)
	5.99
	(−50%)

	Cfg. 2-1
	49%
	4.59
	(−34%)
	17.86
	(−20%)
	88%
	2.42
	(−34%)
	7.75
	(−35%)

	Cfg. 2-2
	62%
	2.34
	(−56%)
	13.70
	(−38%)
	93%
	1.63
	(−56%)
	5.72
	(−52%)


Table 3  Performance of various 8TXRU configurations (3D-UMi w/ 200m ISD, 2GHz)

	
	3D-UMi w/ 200m ISD, λ = 2.5 users/s/cell
	3D-UMi w/ 200m ISD, λ = 5 users/s/cell

	
	RU
	5% UPT [Mbps]
	50% UPT [Mbps]
	RU
	5% UPT [Mbps]
	50% UPT [Mbps]

	Cfg. 1-1
	38%
	7.89
	
	24.54
	
	68%
	6.56
	
	16.36
	

	Cfg. 1-2
	58%
	7.29
	(−7.6%)
	22.99
	(−6.3%)
	89%
	2.19
	(−67%)
	7.00
	(−57%)

	Cfg. 2-1
	49%
	4.52
	(−42%)
	17.94
	(−27%)
	89%
	2.28
	(−65%)
	7.58
	(−54%)

	Cfg. 2-2
	59%
	2.99
	(−62%)
	15.63
	(−36%)
	92%
	1.67
	(−76%)
	6.01
	(−63%)


Observations:
· There is no benefit of using 2D TXRU virtualization compared to 1D TXRU virtualization.
· Config 1-1 outperforms Configs 1-2, 2-1, 2-2 in median and high loading cases. 
4 Conclusions
In summary, we discuss four potential 8TXRU configurations and study their performance with eigen-BF. The simulation results show that the configuration used in Phase 1 evaluation outperforms all other configurations.  Using 2D TXRU virtualization brings no benefit compared to 1D TXRU virtualization.  In order to exploit the benefit of 2D antenna array, it is suggested to study standard enhancements for more than 8 TXRUs.  
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