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1	Introduction
The 3D MIMO SI has been approved as a continuation of 3D channel model in order to see the benefit of elevation beamforming and full-dimension MIMO which exploits 2D antenna array [1].  
In this contribution, we provide initial evaluation results of potential enhancements for 2D antenna array using adaptive downtilt and vertical sectorization schemes. We also present the performance of Rel-12 8TX downlink SU-MIMO in 3D-UMa and 3D-UMi channels.  
2	Initial Results for Elevation Beamforming
The elevation beamforming techniques such as adaptive downtilt and vertical sectorization are evaluated in this section. The same simulation setup (4Tx and full-buffer traffic model) for calibration is used. The details simulation assumptions are listed in the Table A in Annex. 

2.1 Adaptive Downtilt 
For the adaptive downtilt evaluation, cell-specific downtilt optimization is considered, where a system with  cells using adaptive downtilt and optimize the downtilt angle for each cell to maximize wideband signal-to-interference-plus-noise-ratio (SINR) as a representative measure of system performance. Each cell is equipped with a 2D antenna array which is capable of forming a vertical beam with a downtilt angle  in each cell,The beamforming weights to form each vertical beam, which are applied as a vector to the antenna elements of the 2D array in the vertical domain, can be found in [2]. The SINR of the UE  served by cell ,, is given by 
                                                                      ,                   (1)
where  denotes the received signal power measured at UE  from its serving cell . In (1), the denominator consists of the noise power  and the co-channel interference from the interfering cells  It is observed from (1) that   is a function of downtilt  as well as the downtilt angles  from all interfering cells   . To simplify the adaptive downtilt optimization problem, we can restrict the joint design to be over a neighboring cell set (a subset of the whole system set) and restrict a candidate downtilt set consisting of downtilt angles,, from which downtilt angles may be selected in each cell. We then obtain the best downtilt angle for each cell from the candidate downtilt set [3].  
Table 1 shows the throughput performance of the fixed downtilt and adaptive downtilt according to the downtilt angle and/or the downtilt candidate sets. From the table 1, it can be seen that the adaptive downtilt scheme achieves up to 5% cell average and 11% cell edge spectral efficiency gain over the fixed downtilt baseline (102o). 
Table 1. Spectral efficiency of fixed and adaptive downtilt 
	
	Fixed downtilt
	Adaptive downtilt


	Downtilt Angle
	98o
	100o
	102o
	104o
	100o/102o
	98o/100o/102o
	96o/98o/100o/102o

	Cell average
[bps/Hz]
	1.96
(-10%)
	2.10
(-3.7%)
	2.18
(0%)
	1.82
(-16%)
	2.25
(3.2%)
	2.28
(+4.6%)
	2.29
(+5.1%)

	Cell  edge
[bps/Hz]
	0.075
(-0.1%)
	0.059
(-20%)
	0.074
(0%)
	0.053
(-28%)
	0.076
(+2.7%)
	0.080
(+8.1%)
	0.082
(+11%)



Observation:
· Cell specific adaptive downtilt can improve both cell average and cell edge spectral efficiency compared to the baseline system with a fixed downtilt.   

2.2 Vertical Sectorization
We consider a system using vertical sectorization in which there are  cells and  vertical sectors in each cell. The vertical sector  in cell  can be formed with a vertical beamforming vector with elevation downtilt angle ; thus,  vertical beamforming vectors with different elevation angles are required to form  vertical sectors. Since multiple vertical beams are transmitted through the same set of transmit antennas, the total transmission power should be split into  vertical sectors with a power split ratio which can be flexible. 
A UE served by a cell  with a vertical sector  experiences interference from the other cells   and the other vertical sectors  in the same cell . Assuming equal power split for  vertical sectors, the wideband SINR of UE  in cell  served by the vertical sector ,, is given by 
,        (2)
where   denotes the received signal power measured at UE  from its serving vertical sector  in cell . In (3), the denominator consists of the noise power the inter-sector interference in the same cell  , and the sum of the inter-cell interference from each cell . Inter-cell interference can be expressed as the summation of interferences from all vertical sectors in cell , i.e., .  
Table 2 shows the throughput performance of the vertical sectorization with two vertical sectors (S=2). For simplicity, it is assumed that the same elevation angle set [ ] is used for all cells in the network. As seen in the table, the vertical sectorization with the elevation angle set (,) provides the best cell average performance among the elevation angle sets in the system considered and exhibits significant performance gain (~ 30%) over single vertical sector with fixed downtilt baseline. 
Table 2. Spectral Efficiency of Vertical Sectorization (two sectors)
	
	Vertical Sectorization (S=2 for two sectors) 

	Elevation angle set [ ]
	[93o,96o]
	[96o,99o]
	[99o,102o]
	[102o,105o]

	Cell average
[bps/Hz]
	2.58
	2.59
	2.80
	2.77

	Cell  edge
[bps/Hz]
	0.079
	0.068
	0.076
	0.088



Observation:
· Vertical sectorization provides significant performance gain by increasing spatial reuse of time and frequency resources using multiple vertical beams. 
3	Initial Results for Rel-12 MIMO schemes
In this section, we evaluate the Rel-12 downlink MIMO performance for 8 horizontal antenna ports in 3D-UMa and 3D-UMi channels. The simulation assumptions are listed in Table A and Table B in Annex. Tables 3 and 4 show the performance of 8Tx SU-MIMO with full buffer traffic model and  non-full buffer traffic model, respectively. 
 
Table 3.    Full buffer SU-MIMO
	
	3D-UMa
	3D-UMi

	Cell average 
[bps/Hz]
	2.25
	2.21

	Cell edge 
[bps/Hz]
	0.057
	0.051


 
Table 4.     Non-full buffer SU-MIMO
	
	3D-UMa
	3D-UMi

	User throughput
5/50/95 (%)
	1.2/7.3/39.0
[Mbps]
	1.1/7.1/42
[Mbps]

	Served cell throughput
	10
[Mbps/cell)
	9.7
 [Mbps/cell]

	Resource utilization
	70.6%
	70.4% 



3	Summary
In this contribution, we provided initial evaluation results of adaptive downtilt and vertical sectorization with 2D antenna array. Also, we showed the performance of Rel-12 8TX SU-MIMO in 3D-UMa and 3D-UMi. 
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Annex
The 2D Antenna array used in the simulation is configured as below.    


There are M elements in a column and 2xN elements in a row. All the elements in a column are weighted to form the desired downtilt angle .  
Table A. System Level Simulation Assumptions for Adaptive Downtilt and Vertical Sectorization
	Parameter
	Assumption

	Network layout
	7-site 21-cell wraparound

	Channel model
	3D Urban Macro (3D-UMa)  [2]

	eNB antenna configuration
	,   spacing in H/V, cross-polarization

	UE antenna configuration
	 cross-polarization, 0o/90o

	UE attachment
	based on RSRP  formula in [2]

	UE distribution 
	according to Table 6-1 [2]

	Adaptive downtilt angle candidate set
	 = 96o/ 98o/100o/102o

	Vertical sectorization
	[] =  [93o, 96o], [96o,99o], [99o,102o], [102o,105o]

	Number of UEs per cell
	10

	UE distribution
	uniformly dropped according to [2]

	Traffic model
	full buffer

	Scheduler
	proportional fair (PF)

	Transmission scheme
	SU-MIMO with rank adaptation

	Codebook
	Rel-8 4Tx 

	Feedback
	subband  channel quality index (CQI),  wideband precoding matrix index   

	Link adaptation
	practical with open loop link adaptation

	Receiver 
	MMSE-IRC, ideal channel estimation, ideal interference modelling

	Feedback
	PUSCH 3-1, CQI and PMI reporting triggered per 5ms 

	
	feedback delay is 5 ms 

	Hybrid ARQ
	maximum 4 transmissions



Table B. Additional Assumptions for Rel-12 downlink MIMO evaluation in 3D channel 
	Parameter
	Assumption

	Channel model
	3D-UMa, 3D-UMi  [2]

	Downtilt 
	= 102o   

	eNB antenna configuration
	,   spacing in H/V, cross-polarization

	Non-full buffer traffic model
	FTP Traffic Model 1 defined in [4]

	Transmission scheme 
	SU-MIMO 

	Codebook
	Rel-12 8 Tx codebook  
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