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1 Introduction
In RAN#59 meeting, a new Work Item to develop and specify the core and performance requirements for AAS BS was approved [1]. And it’s proposed that further study to evaluate the spatial effects of AAS on the coexistence performance needs to be conducted at the first step. In [2], simulation cases based on a minimized set of typical scenarios and applications are proposed for AAS coexistence studying. In this contribution, the corresponding simulation assumptions and models are proposed.
2 Discussion
To keep consistent of previous evaluation as well as to reduce RAN4 workload, it is suggested the simulation parameters and assumptions used in SI could be re-used for AAS WI as much as possible. In [2], it is suggested that LTE Macro-to-LTE Macro coexistence scenario with AAS BS using cell partitioning, as a typical scenario, could be simulated at the first step. System simulations are conducted to evaluate ACLR and in-band blocking requirements.
2.1  Network layout

Macro-to-Macro network layout can be referred to TR 37.840 Section 5.4.3.1.1, i.e. a tri-sector layout placed on a hexagonal grid with ISD = 750m.
2.2  Propagation model

The pathloss model in Macro cell can be referred to TR 37.840 Section 5.4.3.1.2.
2.3  Antenna array model

In TR 37.840 Section 5.4.4, the antenna array model (both single-column and multi-column) with single fix beam pattern has been studied. Antenna patterns for AAS BS using cell partitioning or UE-specific beamforming can be modelled in the same way. 
2.3.1 Composite array pattern
· Vertical cell partitioning

For single-column AAS BS, beside its application for a 3-sector/site coverage, it is capable of supporting vertical cell partitioning. For simplicity, two independent cells (inner and outer cell) are created by vertical sectorization, proposed as a typical scenario for evaluation. In Figure 1, the inner and outer cell have separate cell IDs, providing overall capacity increase by doubling the resources in spatial domain. The output power is divided equally for the inner and outer cell.
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Figure 1 Vertical cell partitioning

The beam for each cell can be realized by using the different weighting factor. The composite antenna pattern for inner and outer cell is defined in Table 1. For simplicity, the amplitude of the weighting vector is assumed to be identical for each radiation element. The phase of the weighting vector is used to implement electrical down tilt and is dependent on the required tilt and the element spacing.
Table 1 Composite antenna pattern for BS applying vertical cell partitioning

	Configuration
	Single column (N-elements)

	Composite Array radiation pattern in dB 
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	For inner cell:
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For outer cell:
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the super position vector is given by
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the weighting is given by
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θ1,etilt is the vertical electrical downtilt of the inner cell, which is assumed to be 20º,
θ2,etilt is the vertical electrical downtilt of the outer cell, which is assumed to be 9º. 
θ is the elevation angle (0° represents perpendicular angle to the array antenna aperture).


	Antenna array configuration (Row×Column)
	10×1

	Vertical radiating element spacing d/
	0.9

	Power in outher/inner cell
	-3dB/-3dB


· Horizontal cell partitioning
For multi-column AAS, it is capable of controlling beams in horizontal direction. In Figure 2, two independent cells (Cell 1 and Cell 2) are created by horizontal sectorization, which is proposed as a typical scenario for evaluation. The output power is divided equally for Cell 1 and Cell 2.
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Figure 2 Horizontal cell partitioning

By following the same methodology, the antenna pattern for multi-column BS with horizontal cell partitioning is defined in Table 2.

Table 2 Composite antenna pattern for multi-column BS applying horizontal cell partitioning
	Configuration
	Multiple columns (NVxNH elements)

	Composite Array radiation pattern in dB 
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	For Cell 1:
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For Cell 2:
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the super position vector is given by
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the weighting is given by
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 EMBED Equation.3  [image: image13.wmf](
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φ1,escan is the horizontal electrical steering of cell 1, which is assumed to be -30º;

φ2,escan is the horizontal electrical steering of cell 2, which is assumed to be 30º.

θetilt is the vertical electrical downtilt of both cell 1 and cell 2, which is assumed to be 9º.


	Antenna array configuration (Row×Column)
	10×4

	Horizontal radiating element spacing d/
	0.5

	Vertical radiating element spacing d/
	0.9

	Power split. Cell1/Cell2
	-3dB/-3dB


2.3.2 Element pattern
It should be noted that the element antenna pattern
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, more specifically, its horizontal 3dB bandwidth and maximum antenna gain for single-column BS is not the same with that for multi-column BS. The element antenna pattern is shown in Table 4. 
Table 4 Element pattern 

	Horizontal Radiation Pattern 
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	Front-to-back ratio
	Am = 30dB

	Vertical Pattern  method
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	Side Lobe lower level
	 SLAv=30 dB

	Element Pattern 
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2.4  General simulation assumptions
Most of general simulation assumptions are aligned with previous AAS coexistence studies. The only change is that the conducted output power of AAS BS is defined based on the assumption that the total radiated power in different directions over the entire radiation sphere from AAS BS is the same with that from legacy BS, i.e. if the total radiated power of legacy BS to cover one hexagonal cellular is 45dBm with taking into account of its 46dBm conducted output power and 1dB cable loss, the conducted output power of AAS BS shall be reduced by 1dB to keep the total radiated power equal.
Table 5 Deployment parameters
	Simulation Parameters
	Values

	Cellular layout
	Hexagonal, 3 sectors/site (19 sites wrap-around), uncoordinated

	UE distribution
	Average 10 UEs per cell. UEs on flat ground

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Inter Site Distance (ISD)
	750m

	Minimum distance UE<->BS
	35m

	Log normal shadowing
	Standard Deviation of 10 dB

	Shadow correlation coefficient
	0.5 (inter site) / 1.0 (intra site)

	Scheduling algorithm
	Round Robin, Full buffer

	RB number per active UEs
	UL: 16RBs (total: 48 RBs)
DL: 50RB for cell split scenarios

	Number of active UEs
	UL: 3 UEs per cell
DL: 1 UE per cell

	UE max Tx power
	23 dBm

	UE min Tx power
	- 40 dBm

	Active array loss
	0 dB

	Legacy BS max Tx power per sector
	46dBm

	AAS BS max Tx power
	For cell partitioning, the Tx power for each splitting cell is (43dBm - Losses of cable network*);

	Power control parameters
	(TR36.942 Section 12.1.4)

PC Set 1 (alpha=1; P0=-101dBm)

PC Set 2 (alpha=0.8; P0=-92.2dBm)

	Antenna configuration at UE
	Omni-directional

	The height of BS
	30 m

	The height of UE
	1.5 m

	ACS of LTE UE
	33 dB

	Output statistics (Blocking levels)
	CDF of the received interference power in dBm from an aggressor

	Performance evaluation
	Throughput loss criteria, as derived from the truncated Shannon bound approach of 3GPP TR36.942. 

	Note: * Losses of cable network is defined in TR 37.840 Table 5.4.4.2.1-1.


Table 6 Antenna parameters

	Simulation parameters
	Values

	Element

	Side Lobe lower level
	 SLAv=30 dB

	Front-to-back ratio
	Am = 30 dB

	Vertical 3dB bandwidth of single element / deg
	65º

	Horizontal 3dB bandwidth of single element / deg
	For single column antenna: 65º;

For multi-column antenna:  80º;

	Element Gain
	For single column antenna: GE,max= 9 dBi 
For multi-column antenna: GE,max= 7.5 dBi* 

	Note: *GE,max is obtained from TR37.840 Table 5.4.4.2.1-1. 

	Antenna array

	Horizontal radiating element spacing d/
	0.5

	Vertical radiating element spacing d/
	0.9

	Antenna array configuration (Row×Column)
	For single column array: 10×1

For multi-column array: 10×4

	Horizontal cell splitting
	φ1,escan is the horizontal electrical steering of cell 1, which is assumed to be -30º;

φ2,escan is the horizontal electrical steering of cell 2, which is assumed to be 30º.

θetilt is the vertical electrical downtilt of both cell 1 and cell 2, which is assumed to be 9º.

	Vertical cell splitting
	θ1,etilt is the vertical electrical downtilt of the inner cell, which is assumed to be 20º;

θ2,etilt is the vertical electrical downtilt of the outer cell, which is assumed to be 9º. 
θ is the elevation angle.


3 Conclusion
In this contribution, simulation assumptions and models for AAS coexistence study is discussed, mainly focusing on the antenna patterns for cell partitioning applications.  
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