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1. Introduction

The study item on elevation beamforming and full dimension MIMO was agreed in the 3GPP RAN#65 meeting [1]. The study item was agreed to be organized in a phased manner. In Phase I, RAN1 is tasked to evaluate the antenna configuration with 8 TXRU per eNB, where each TXRU is associated with an antenna ports and all antenna ports constitute a horizontal array. 
Vertical sectorization is a potential simple scheme to implement EBF/FD-MIMO scheme with existing TM9/TM10 feature. In this contribution, vertical sectorization with 16-64 TXRU is discussed, and the performance of vertical sectorization with 16 TXRU is evaluated.
2. Implementation of vertical sectorization
Vertical sectorization could be implemented by splitting a sector into multiple vertical sectors using different beams in the vertical domain as illustrated in Figure 1. It is expected that vertical sectorization could improve system performance. In this simulation, two vertical sectors in vertical domain are considered. To achieve fair comparison, the total transmission power of vertical sectorization is kept equal to conventional transmission without vertical sectorization.
For each antenna column, one TXRU is employed for one vertical sector as shown in Figure 2. That is, two TXRUs per antenna column are needed to form two vertical sectors. With 8 TXRU in horizontal, the total number of TXRU is 16 for two vertical sectors. If four or eight vertical sectors are to be formed, then 32 or 64 TXRUs are needed.

Virtualization from TXRU to antenna elements is carried out by beamforming towards different elevation angles. 
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Figure 1: Vertical sectorization
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Figure 2: TXRU to antenna element virtualization
3. Evaluation results
In this section, the performance of vertical sectorization is evaluated. Full buffer traffic is modeled. Eight antenna elements in a column and eight antenna elements in a row are assumed. Three scenarios are considered in this evaluation: 3D UMi with 2GHz frequency (3D-UMi), 3D UMa with 2GHz frequency and ISD 500m (3D-UMa), 3D UMa with 2G frequency and ISD 200m (3D-UMa-200). Various down tilt values of vertical sectors are evaluated in each scenario. Other detailed simulation assumptions could be found in Table A1.
The performance is compared with Rel-12 DL MIMO scheme following the Phase I description in the SID, where eight TXRUs arranged in horizontal are assumed. It is noted that the Phase I scheme in the SID may not be the optimal standard-transparent 3D-MIMO scheme that can be achieved with Rel-12.
Performance of vertical sectorization for full buffer traffic model is given in Table 1 – Table 3. Over 40% cell edge gain and about 20% cell edge gain could be achieved by vertical sectorization in 3D UMi scenario. In 3D UMa and 3D UMa-200 scenarios about 20% cell edge gain could be achieved. 
Down tilt values of sectors have impact on system performance. Among the three group of considered down tilt values, (85, 99) achieves the best performance in 3D-UMi scenario, (95, 102) achieves the best performance in 3D-UMa scenario, and (95, 109) gives the best performance in 3D-UMa-200 scenario. It depends on ZoD distribution of UEs in system. In 3D-UMi and 3D-UMa-200 scenario ZoD distributes in a wider range compared with 3D-UMa scenario, therefore larger separation of vertical sectors (14 degree) performs better.
Table 1: Performance in 3D-UMi scenario
	SU-MIMO/MU-MIMO
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Rel-12 DL MIMO
	0.0626
	0.00%
	3.44
	0.00%

	Config. 1 (θ1=85  θ2=92) 
	0.0842
	34.56%
	3.92
	14.06%

	Config. 2( θ1=85  θ2=99) 
	0.0896
	43.27%
	4.11
	19.45%

	Config. 3 (θ1=85  θ2=106) 
	0.0724
	15.70%
	3.99
	16.07%


Table 2: Performance in 3D-UMa scenario
	SU-MIMO/MU-MIMO
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Rel-12 DL MIMO
	0.0574
	0.00%
	3.35
	0.00%

	Config. 1(θ1=95  θ2=102) 
	0.0726
	26.47%
	3.46
	3.22%

	Config. 2 ( θ1=95  θ2=109) 
	0.0711
	24.03%
	3.39
	1.21%

	Config. 3 ( θ1=95  θ2=116) 
	0.0715
	24.60%
	3.30
	-1.45%


Table 3: Performance in 3D-UMa-200 scenario
	SU-MIMO/MU-MIMO
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Rel-12 DL MIMO
	0.0691
	0.00%
	3.31
	0.00%

	Config. 1  (θ1=95  θ2=102) 
	0.0768
	11.23%
	3.57
	7.91%

	Config. 2 ( θ1=95  θ2=109) 
	0.0866
	25.33%
	3.73
	12.78%

	Config. 3 ( θ1=95  θ2=116) 
	0.0646
	-6.45%
	3.43
	3.64%


4. Conclusion 
In this contribution, vertical sectorization with 16-64TXRU is discussed. Vertical sectorization with 16 TXRU is evaluated. Performance gain could be observed especially in 3D UMi scenario. Three groups of down tilt values are considered for each scenario. It could be found that the choice of down tilt value has impacts on performance. In this contribution, two vertical sectors are assumed. Whether more sectors could bring more gain need further study. Furthermore, the power split between sectors is also worthy of study. Therefore, we propose to further study and evaluate vertical sectorization in RAN1.
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6. Appendix
Table A1: Evaluation assumptions for baseline and vertical sectorization
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space
Vertical: 8 elements, 0.5λ space

	Scenario
	3D-UMa, 3D-UMi, 3D-UMa-200

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UEs per cell
	10

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer 

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	PMI/CQI feedback granularity
	Subband (6 PRBs per subband)

	PMI/CQI feedback periodicity
	10ms

	RI feedback periodicity
	120ms

	Overhead
	3 symbols for DL CCHs, 4 CRS ports and DM-RS with 12 REs per PRB

	Wrapping  method
	Geographical distance based

	Handover margin
	3 dB
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