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1 Introduction
In RAN#53 a new study item of AAS was approved to study the RF and EMC requirements for Active Antenna Array BS systems. Some core RF and EMC requirements were discussed in [1] and [2].Simultaneously, test approaches for AAS also were proposed in [3] and [4]. In addition to these, the impact on system coexistence for introduction of AAS should be considered. It was also proposed in [1] that the impact on system coexistence needed to be evaluated. In this document, some simulation models and scenarios about system coexistence using AAS are discussed. Three aspects are considered to be modified in AAS coexistence simulation, including macro cellular deployment, antenna pattern and interference components. 
2 Unique features in AAS
Compared with traditional antenna BS, AAS BS has unique features and benefits due to independent RF Tx chain and weighting, as shown in figure 1：
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Figure 1 The unique features and benefits in AAS

1. No coax cables to connect RRU to antenna system. The RRU and antenna system are integrated into one package to reduce the power loss from RRU to antenna system.
2. In AAS, self-healing is realized because each antenna element is fed independently. This feature provides flexibility in maintenance planning.
3. In traditional antenna system, the down tilt angle in UL is the same as in DL. When the DL performance is optimum, the UL performance may not be optimum. In AAS, different down tilt angles between UL and DL can be adopted, which results that when the down tilt angle in DL is fixed, the capacity in UL and the lifetime of battery in UE are increased.
4. In traditional antenna system, the shape of antenna pattern is not changed to different service requirements in day or night. However, in AAS, narrow beam coverage to hot spot in the day and wide beam coverage in the night can be adjusted by beamforming technology, which saves the electrical power of BS.
5. AAS has the capability to control the down tilt angle of each carrier or RAT. The feature optimizes the network capacity and simplifies the sharing of the wireless access networks.
6. In AAS, vertical sectorization can be arranged by multiple antenna elements to increase the system capacity.  
In above unique feature, the first two features are from mechanical feature and configuration feature. They are not relative to coexistence simulation. Other features all impact on the coexistence analysis, especially the vertical sectorization produced by various down tilt angles among carriers and RATs, and various half-power bandwidth pattern. By introducing AAS future BS has more flexibility to improve the performance by avoiding the unnecessary interference. However we need carefully design a proper method to model the AAS to a Monte Carol simulation tool. 
3 Coexistence scenarios in AAS
TR36.942 [5] summarized E-UTRA - UTRA coexistence scenarios, which should be adopted in AAS system coexistence simulation for coordinated and uncoordinated operation. To evaluate the impact by introducing AAS we propose to assess the impact to E-UTRA with the high priority. AAS coexistence scenarios should also cover MSR requirements, in which BC1(UTRA + E-UTRA) and BC3(LCR TDD+LTE TDD) should be the second priority . 
The simulation scenarios could be summarized as:

1. E-UTRA and E-UTRA

1a: E-UTRA A BS with AAS -> E-UTRA B UE

1b: E-UTRA A UE -> E-UTRA B BS with AAS
2. UTRA and E-UTRA

2a: UTRA A BS with AAS -> E-UTRA B UE

2b: UTRA A UE -> E-UTRA B BS with AAS
2c: E-UTRA A BS with AAS -> UTRA B UE
2d: E-UTRA A UE -> UTRA B BS with AAS

3. LCR TDD and LTE TDD

3a: LCR TDD BS with AAS -> LTE TDD UE

3b: LCR TDD UE -> LTE TDD BS with AAS

3c: LTE TDD BS with AAS -> LCR TDD UE

3d: LTE TDD UE -> LCR TDD BS with AAS

In the above scenarios we propose to assess the impact by starting from 1 to 3. 
4 Consideration of system coexistence simulation model for AAS
Due to unique features of AAS, the interference between two adjacent systems will be different from the traditional BS. The system coexistence simulation models need to be studied in detail. Some important considerations are outlined below.
1. Macro cellular deployment
To coexistence simulation in BS installed with traditional antenna, the cell layout with 3 sectors per site are placed on a hexagonal grid with distance of 3*R in [5], where R is the cell radius (see Figure 2), with wrap around. The number of sites shall be equal to or higher than 19.
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（a）coordinated operation                    (b) uncoordinated operation
Figure 2 cell layout
In the AAS system, one sector/cell can be divided into multiple sub-sectors due to the ability of AAS system to perform vertical sectorization. Vertical sectorization can be established by the multiple antenna elements, such that multiple beams can be formed with their distinct antenna parameters (i.e. downtilt, weights, half-power beamwidth). For example, a 16-antenna elements can be used to form two vertical beams, giving a 3x2 (3-sector x 2-subsector) configuration. The cell layout model and power layout used in the current system coexistence simulation (in Figure 2) needs further consideration.  
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2. Figure 3 3x2 vertical sectorization
3. Antenna pattern

In [6], the antenna radiation pattern is assumed in table 1：The BS antenna radiation pattern is used for each sector in 3-sector cell sites with fixed antenna patterns.
Table 1 the antennas pattern defined in [6]

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
[image: image11.wmf]etilt

q

= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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However, in AAS, 3x2 or other vertical sectorization models need to be considered. And the pattern and gain of narrow beam in hot spot area in day and wide beam in night need to be considered individually. The element pattern is used to simulate to compare receiver blocking requirements in [7]. However more details in pattern model need to be specified in study item.
4. Interference components
The inter-system interference from/to an LTE system can be calculated in the following way in [8]:
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where I is the interference power observed at the victim in dBm, P is the interferer’s transmission power in dBm, G is the antenna gains, PL is the power loss in dB between the interfere and the victim that includes path loss and log-normal fading. ACIR stands for Adjacent Channel Interference Ratio [8], which is defined as the ratio of the transmission power to the power measured after a receiver filter in the adjacent channels. ACIR can be obtained as follows terminology:
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In coexistence simulation models, ACIR value and granularity, spurious emission and other unwanted emissions are components of coexistence analysis. These components are not uniformly distributed in spatial domain in AAS BS which is proposed in [1] and [9]. The ACLR modeling, ACIR and other components shall be properly modeled and the impacts on the coexistence between adjacent systems shall be evaluated carefully.
5 Conclusion
In this document coexistence scenarios, cell layout, antenna pattern and interference components in coexistence simulation are proposed to be considered due to introduction of AAS, and deeper studies in coexistence simulation in AAS need to be implemented. 
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