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1. Introduction

This contribution discusses performance gain of vertical sectorization (VS) which is one of alternatives to utilize 2-dimensional antenna array. Compared to the conventional 3-sector, vertical sectorization with cell splitting into inner and outer sector using two different tilt angles in the vertical domain is known to improve the system performance. In this contribution, system-level evaluations are performed with various conditions to verify the gain of vertical sectorization. 
2. Simulation Assumptions

This section captures simulation assumptions based on 3GPP TR 36.873[1]. For vertical sectorization, the fully-connected TXRU mapping architecture is assumed as defined in [3], which has two TXRUs per column of antenna elements. Two vertical sectors (e.g., inner/outer sector) are formed with two TXRUs per column of antenna elements [4]. The antenna virtualization precoding vectors are likely to be tilted towards two different elevation angles, θetilt-1 and θetilt-2, as shown in Table 1. 
For the fair comparison between 3-sector and vertical sectorization, the same radiated total power is assumed for both 3-sector and vertical sectorization. The power ratio between inner and outer sector is also same, which might be optimized for better performance. The number of UEs per cell is 10 or 30, where all UEs are located in either inner or outer sector of a same cell. 
Table 1 Simulation assumptions
	Parameter
	Values

	Scenarios
	3D-UMa [1]

	BS antenna configurations
	M=8, N=2/4, K=1 with X-pol (+/-45) 

	
	Antenna spacing: 0.5λ for horizontal domain, 0.64λ for vertical domain

	Electric tilt angle
(no mechanical angle)
	3-sector: θetilt = 102( 
Vertical sector(VS_x_y): θetilt-1 = 90(+x( where x=5 (outer-sector),
                              θetilt-2 = 90(+y( where y=8 ~ 32 (inner-sector)

	Radiated total power
	46dBm (Ptotal=Pinner+Pouter where Pinner=Pouter=43dBm)

	CSI-RS port mapping
	The 4 antenna ports are mapped such that [0,2,1,3] where 0/1 are -45(
The 8 antenna ports are mapped such that [0,4,1,5,2,6,3,7] where 0/1/2/3 are -45(

	MS antenna configurations
	2Rx with X-pol (0/+90) 

	System bandwidth
	10MHz (50 RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency 
	2GHz 

	Duplex
	FDD (Use PMI feedback for FDD)

	Number of UEs per cell
	10 / 30

	UE distribution 
	According to Table 6-1 in [1]

	UE speed
	3km/h

	Polarized antenna modelling
	Model-2 [1]

	UE array orientation
	ΩUT,(  uniformly distributed on [0,360] degree, ΩUT,( = 90 degree, ΩUT,(  = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern 
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	Wrapping method
	Geographical distance based

	Handover margin 
	0 dB

	Traffic model
	Full-buffer / Non full-buffer (e.g., FTP traffic model-1 [2])

	Scheduler
	PF, full-band scheduling for MU-MIMO

	Receiver
	Ideal channel estimation 

	
	Ideal interference modelling 

	
	MMSE-IRC receiver 

	Interference model
	Ideal interference from PDSCH which can be measured from IMR

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback
	PUSCH 3-1 (sub-band size = 5 PRB)

	
	CQI and PMI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rank1 Rel-12 4/8TX codebook 

	Transmission scheme
	MU-MIMO: TM10, single CSI process, rank 1 only


3. Simulation Results

In this section, we present simulation results as assumptions of Section 2. The performance gain of vertical sectorization is shown in terms of average cell throughput and 5%-tile cell-edge throughput under full-buffer traffic and non-full-buffer traffic (e.g., FTP traffic model). 
3.1. Full-buffer traffic model
Figure 1 and Figure 2 show the system performance (e.g., average cell throughput, 5%-tile cell-edge throughput) of vertical sectorization according to different inner tilt angles (θetilt-2) but same outer title angle(θetilt-1=95() for  different number of UEs per cell(e.g., 10, 30 UEs). In Figure 1 and Figure 2, the number of antenna ports is 4 and 8, respectively. Performance results of vertical sectorization are relatively shown compared to one of 3-sector. 
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(a)  10 UEs                                                                              (b) 30 UEs
Figure 1 Preliminary Vertical Sectorization evaluation results for 4 antenna ports
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(a)  10 UEs                                                                              (b) 30 UEs

Figure 2 Preliminary Vertical Sectorization evaluation results for 8 antenna ports
From several results, it is observed that vertical sectorization improves average cell throughput at roughly 20~30% compared to 3-sector when a large number of UEs and sufficient large title angle separation between inner and outer sector. However, 5%-tile cell-edge throughput is not improved at all for all evaluation cases because of higher percentage of UEs being located in cell edges (i.e. locations where different sectors overlap with each other). This is because interference from inner or outer sector is added and interference power from outer sector of other cell is increased due to the reducing tilt angle of outer sector (θetilt-1=95() compared to 3-sector. 
Based on this, we make the following observation:

Observation 1: Average cell throughput of vertical sectorization is slightly enhanced compared to 3-sector when the tilt angle difference between inner and outer sector is sufficiently large (to minimize the interference between inner and outer sectors). However, it may not be expected to improve cell-edge throughput from vertical sectorization.
Observation 2: Overall gain from vertical sectorization is limited especially when the number of UEs within the inner sector is small.
Figure 3 shows the loading rate of inner sector according to different inner tilt angles, when fixing the tilt angle of outer sector as θetilt-1=95(. The loading rate is defined as (# UEs allocated in inner sector) / (Total # UEs per cell). As the tilt angle of inner sector increases, the loading rate decreases because of the smaller coverage of inner sector. Figure 4 illustrates the effective SINR distribution for different inner tilt angles (e.g. θetilt-2=104(, 110(). The effective SINR for UEs located in inner sector is getting better as the tilt angle of inner sector increases. In addition, the effective SINR for UEs located in inner sector is always better than one for UEs located in outer sector, which means that higher MCS level can be assigned for inner sector. From Figure 3 and Figure 4, we can observe that there is a trade-off between loading rate of inner sector (e.g. area splitting gain) and the effective SINR (e.g. interference from inner or outer sector) according to increase of inner tilt angle. Considering this trade-off between them, we can select the best configuration of inner/outer sector in terms of tilt angle to achieve higher system performance like average cell throughput. 
Based on this, we make the following observation:

Observation 3: Higher MCS is generally assigned for UEs located in the inner sector since the geometry condition (e.g. effective SINR) for UEs in inner sector is better than one for UEs in outer sector. 
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Figure 3 Loading rate of inner sector according to different inner tilt angles (30 UEs, 8 antenna ports)
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(a) VS_5_14 (θetilt-1=95(, θetilt-2=104()                                     (b) VS_5_20 (θetilt-1=95(, θetilt-2=110() 
Figure 4 Effective SINR CDF comparisons for different inner tilt angles (30 UEs, 8 antenna ports)
3.2. Non-full-buffer traffic model
As a non-full-buffer traffic model, FTP traffic model-1 is applied [2]. For the various traffic loading, the range of offered traffic is given as [10 20] Mbps, where file size is fixed as 2 Mbytes and the user arrival rate is determined according to offered traffic value. In the simulation for non-full-buffer traffic, vertical sectorization with θetilt-1=95( and θetilt-2=110( is assumed. 
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Figure 5 Mean user throughput comparison for different offered traffic (8 antenna ports)
As shown in Figure 5, vertical sectorization has no performance (e.g. mean user throughput) gain given the range of offered traffic compared to the conventional 3-sector. However, further investigations might be necessary for different traffic loading rates and traffic models defined in [2]. 
Based on this, we make the following observation:

Observation 4: In case of non-full-buffer traffic model, vertical sectorization has a similar or even worse performance compared to the conventional 3-sector at intermediate traffic loading rate. 
4. Discussion and Conclusion

Based on the simulation results, we made the following observations:
Observation 1: Average cell throughput of vertical sectorization is slightly enhanced compared to 3-sector when the tilt angle difference between inner and outer sector is sufficiently large (to minimize the interference between inner and outer sectors). However, it may not be expected to improve cell-edge throughput from vertical sectorization.
Observation 2: Higher MCS is generally assigned for UEs located in the inner sector since the geometry condition (e.g. effective SINR) for UEs in inner sector is better than one for UEs in outer sector.
Observation 3: MCS observation: Higher for UEs located in inner sector, but lower for UEs located in outer sector.
Observation 4: In case of non-full-buffer traffic model, vertical sectorization has a similar or even worse performance compared to the conventional 3-sector at intermediate traffic loading rate. 
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