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1 Introduction
In this contribution, we provide some initial considerations of the spatial selectivity of AAS IMD products. The analysis was given based on one typical scenario, where different carrier or different RAT may have different down-tilt angle controlled by digital beam-forming.
2 Discussion
AAS has the capability to control the down tilt angle of each carrier as shown in the Figure 1. The benefits are apparent that operators have more flexibility to optimize the coverage and capacity of each network while all the networks share the some RAN.
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Figure 1: Down tilting per carrier: application in multi-carrier (RAT) base station;

For the classical BTS with common signal path for all carriers (RATs), down-tilting per carrier/RATs is impossible. The IMD products of the multi-carriers or multi-RAT signals have the same down-tilt angle as the desired signals. Figure 2 shows that the lower side and higher side IMD3 and IMD5 product have the same down-tilt angle as the desired signal if two carrier have the same down-tilt angle (here setting 10 degree for example).
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Figure 2: IMD products which have the same down-tilt angle as the desired signals
For the AAS, some interesting phenomenon can be observed when different tilting angles are applied to two different carriers by digital beam-forming: we assuming the two carriers frequency f1 and f2 (f1<f2) which the maximum beam direction angle is 
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 respectively, the beam angle of the lower side and higher side IMD3 at maximum gain can be derived as:
Beam angle of lower IMD3 at the maximum gain=
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Beam angle of higher IMD3 at the maximum gain =
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Figure 3 shows the spatial directions of IMD3 and IMD5 products when the two carriers have 5 and 10 degree down-tilt angle. 
[image: image8.png]Gain (dB)

The vertical antenna beam of the lower band IMD3 and IMDS for two cartiers which have different downtil angle

el T T T T T T T
20
a0 i
NS i
a0 i
00 B
The vertical antenna beam of the first carrier
A2k The vertical antenna beam of the second carter R
- The vertical antenna bear of IMD3,_
- The vertical antenna bear of IMD5,_
149 1 | 1 | |
200 150 100 50 [ 50 100 150 200

Angle (Degree)




[image: image9.png]Gain (dB)

The vertical antenna beam of the higher band IMD3 and IMDS for twa cartiers which have different downtil angle

el T T T =N T T T

P

e 4

sl 4

a0 4
100} B
A2 The vertical antenna beam of the st carier 7

The vertical antenna beam of the second carier
.. The vetical antenna beam of IMD3,,

Eras .. The vertical antenna beam of IMDS,, B
160 | | I | I | |

0 150 -0 ] 0 50 00 10 0

Angle (Degree)




Figure 3: IMD3/IMD5 products for two carriers with different down tilting
3 Conclusion
AAS has different architecture from the classical BS installed with traditional antenna and a lot of useful applications can be realized by AAS. The nonlinearity product generated by AAS is also different from the conventional BS and the impact on network performance shall be studied further.
Appendix

If the phase difference 
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the array has the maximum gain at angle 
[image: image12.wmf]0

q

at frequency 
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, where d is physical distance between these two antenna elements, c is the velocity of light.
For two carriers at 
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 which have the maximum gain at angle 
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 respectively, the angle of IMD3 at maximum gain can be expressed as x. The following relations can be derived by calculating the IMD products using the formula of Taylor’s series:
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Similarly, the corresponding angle for IMD at
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 can be derived as：
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