3GPP TSG-RAN WG4 meeting #61  
 R4-116006
San Francisco, CA, USA, 14th – 18th  November, 2011    


Source:
Ericsson

Title:
On spatial domain impact on receiver in AAS
Agenda item:
9.4
Document for:
Discussion 
1.
Introduction

In RAN#53, A SI for further investigation of RF and EMC Requirements for Active Antenna Array System (AAS) Base Station were approved. Considering the spatial domain aspects discussion in [1], this paper elaborates further on spatial domain impact on receiver requirements in particular in-band blocking where depending on the height, direction and distance (spatial properties), the blocking interferer level could be higher towards the sub-arrays in some positions and directions for AAS.
2.
Discussion
In previous RAN4 meetings, the discussion on receiver requirements was initiated. In this paper, we elaborate further on in-band blocking and how the height, direction and distance would influence coupling loss and consequently the blocking interferer level. Considering the vertical domain, in figure 1, a visualization of spatial selectivity loss in AAS is given where an interfering UE close to antenna would pose higher interferer level towards a sub-array compared to full antenna beam. It becomes even more complex when considering both horizontal and vertical domain where depending on the height, direction and distance.  
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Figure 1
Visualization of spatial selectivity loss in AAS
3. Simulation results

In this contribution we present simulation results for the coupling loss of example antenna at 2 GHz and example element arrays.
3.1
Antenna patterns for individual arrays

The example antenna patterns used for a 2, 4 and 8 element array are shown in Figures 2-4, respectively. 
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Figure 2
Two-element patch array.  Element separation 0.7 lambda. AF= array factor, EF= Element factor, FF=AF*EF= far field pattern
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Figure 3  Four-element patch array.  Element separation 0.7 lambda. AF= array factor, EF= Element factor, FF=AF*EF=  far field pattern
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Figure 4
Eight-element patch array.  Element separation 0.7 lambda. AF= array factor, EF= Element factor, FF=AF*EF=  far field pattern
3.2 Coupling loss – Comparison of the number of elements
Considering the example antenna (2 GHz) and taking into account  2, 4 and 8 element arrays, the coupling loss for  2, 4, 8 element-arrays are compared for the down tilt angles of  0(, 5( and 15 ( respectively is given in figure 5-7.
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Figure 5
Coupling loss, 0 degree tilt for an antenna with 2, 4 and 8 radiation elements. Base station antenna height h=23 m
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Figure 6
Coupling loss, 5 degree tilt for an antenna with 2, 4 and 8 radiation elements. Base station antenna height h=23 m
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Figure 7:  Coupling loss, 10 degree tilt for 2, 4 and 8 radiation elements. Base station antenna height h=23 m
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Figure 8
Coupling loss, 15 degree tilt for 2, 4 and 8 radiation elements. Base station antenna height h=23 m
The simulation results shown in figure 5-8 indicate that there is a distance and tilt dependent coupling loss comparing a full antenna beam and also 2,4 and 8-element arrays. It becomes quite evident that we need to consider the spatial domain aspects to define proper requirement for AAS and in this particular case, the OTA tests would maybe be necessary to capture the in-band blocking requirements.

3.3 Coupling loss – Comparison of the tilt angle, BS antenna height 23 m
Further simulations on the coupling loss for the 2, 4 and 8 element (at 2 GHz) for different BS antenna heights and additional tilt angles are also shown here. 
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Figure 9
 Coupling loss for 0-30 deg downtilt of a 2-element patch array antenna at 2 GHz. Antenna mounted at a height  h= 23 m.  Free space loss also included.
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Figure 10
Coupling loss for 0-30 deg downtilt of a 4-element patch array antenna at 2 GHz. Antenna mounted at a height  h= 23 m. Free space loss also included.
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Figure 11
Coupling loss for 0-30 deg downtilt of an 8-element patch array antenna at 2 GHz.. Antenna mounted at a height  h=23m. Free space loss also included.
3.3 Coupling loss – Comparison of the tilt angle, BS antenna height 10 m
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Figure 12
 Coupling loss for 0-30 deg downtilt of a 2-element patch array antenna at 2 GHz. Antenna mounted at a height  h= 10m. Free space loss also included.
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Figure 13
Coupling loss for 0-30 deg downtilt of a 4-element patch array antenna at 2 GHz. Antenna mounted at a height  h= 10 m. Free space loss also included.
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Figure 14

Coupling loss for 0-30 deg downtilt of an 8-element patch array antenna at 2 GHz. Antenna mounted at a height h=10m. Free space loss also included.
Given the discussion above, it become apparent that the spatial domain properties would highly affect the requirements and the only possible approach to capture this would be to sparsely use OTA for e.g. in-band blocking to ensure that the performance and integrity of AAS BS is maintained.

4.
Summary
In this paper, the impact of spatial domain (vertical and horizontal) or rather loss of spatial selectivity in AAS BS system is further discussed. We also conclude that any arbitrary sub-array, depending on the height, distance and direction would experience different level of blocking interference from an interfering UE. To capture the impact of spatial domain, we also propose sparse use of OTA testing for in-band blocking. 
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