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1 Introduction

As part of the RAN4 Study Item on Active Antenna Systems, companies have simulated a column based AAS application implementing vertical downtilt. In addition to an optimum downtilt angle, the impact of applying a range of downtilt levels from 0 to 20 degrees in the agressor system has been modelled, and it was observed that the results are fairly insensitive to the downtilt. In order to further characterise the ACLR and RX blocking performance of AAS systems, the investigation should be extended to consider some other likely AAS structure and applications.
In principle, classifications other than wide area (e.g. medium range) and systems other than E-UTRA could also be considered. However in order to keep the simulation load manageable, a 3 sector E-UTRA wide area deployment is prioritised for investigation during the Study Item phase.
2 Discussion

The study item should aim to cover a sample of scenarios to cover different aspects of the AAS application space. In principle, there are 4 dimensions in which an AAS system can manipulate energy; horizontal, vertical and time, and in addition, if the antennas are uncorrelated the Eigenmode dimension.  In addition, the basestation might place all of it’s TX energy into a single stream or may carry out spatial multiplexing.

In order to investigate the main points in the AAS application space, therefore the following types of application could be investigated:
1. Static, single beam vertical beamforming (e.g. vertical tilt)

2. Static, multi beam vertical beamforming (e.g. cell splitting)

3. Static, single beam azumith beamforming

4. Static, multi beam azumith beamforming

5. Static beamforming in the vertical and azumith domains

6. Dynamic beamforming in the azumith and/or vertical domains, single beam

7. Dynamic beamforming in the azumith and/or vertical domains, multiple beam

8. Dynamic beamforming based on standardised precoders, multiple beam

(1) has already been investigated. Applications for (3) and (4) are less clear, with the possibility of increased or variable sectorisation being the main possibility. Nontheless it is of interest to gain understanding of the impact of horizontal beamforming on ACLR and blocking requirements; an initial investigation is presented in [1]. (5) is easily covered as part of the investigation of the azumuth domain by considering vertical tilt together with azumuth beamforming.
(6) and (7) could represent a combination of sectorisation and azumith user specific beamforming or free user specific beamforming in both the azumith and vertical planes. Combined with the possibility of single or dual beams, this leaves potentially 4 scenarios to investigate under (6) and (7), however to to reduce simulation effort, a limited set of scenarios could be investigated. Furthermore, for examining whether there is a significant impact of AAS to ACLR and blocking requirements in RAN4, it is maybe not necessary to define a full RAN1 signal structure (including for example non beamformed control signalling, common pilots, user specific pilots etc), but a simplified signal structure could be adopted (even as simple as assuming that all of the signal energy is beamformed).

(8) requires MIMO technologies as standardised in RAN1. We consider this to be legacy technology applying to at most 8 TX antennas in LTE and 4 TX antennas for (Release 11) WCDMA and propose not to cover these applications in the current phase of the AAS study.
In order to downselect the list of energy steering possibilities above, we propose the following to be studied for the agressor system in the SI:

High priority:

· Vertical downtilt (already in progress) – covers (1)
· Vertical downtilt combined with user specific dynamic azumith beamforming – covers (6) and (7) and gives insight into (3)-(5)
· User specific beamforming in the vertical and azumith domains

Lower priority:

· Vertical sectorisation – covers (2)

· Vertical downtilt of 0 and 9 degrees combined with fixed horizontal beamforming – covers 3 - 5
In principle, different types of AAS application could be deployed on different carriers although in practice the parameters and AAS applications on adjacent carriers are likely to be correlated. Simulating all different combinations of AAS application and legacy system would incur an unwarrented amount of simulations, and so some prioritisation should be carried out in terms of what victim system applications are modelled. We propose a prioritisation of victim system modelling as follows:
For ACLR simulations:

High priority:

· Legacy passive array beamforming (column, implementing optimum downtilt)

· AAS single column, implementing optimum downtilt

Low priority:

· AAS, implementing the same application as the agressor system with the same type of aAS array

For RX blocking simulations:

High priority:

· AAS single column array

Low priority

· AAS 2D array (If the element patterns should differ from the column)

In deriving parameters for the simulations, it is important to bear in mind that the aim of the simulations, in particular with regard to the agressor system is to cover the range of possibilities for energy steering that an AAS system offers in order to understand the likely impact on requirements. As long as RAN4 is satisfied that the spectrum of spatial possibilities is well enough covered, it is not necessary to consider optimisation of the applications or the parameters of the AAS array for these simulations.
Thus we propose that for a working assumption, the existing agreed array parameters should be applied as far as possible. For a 2D AAS array, we propose adopting the existing column structure but assuming 4 columns spaced at 0.9 lamda.
3 Conclusion

To progress the work on investigating the impact of AAS to ACLR and RX blocking requirements, it is necessary to further cover the spectrum of possibilities for energy steering offered by AAS systems. To achieve this, it is proposed that the following is investigated as a minimum:

Agressor system:

· Vertical downtilt (already in progress) – covers (1)

· Vertical downtilt combined with user specific dynamic azumith beamforming – covers (6) and (7) and gives insight into (3)-(5)

· User specific beamforming in the vertical and azumith domains

Victim system (ACLR):

· Legacy passive array beamforming (column, implementing optimum downtilt)

· AAS single column, implementing optimum downtilt

Victim System (Blocking):

· AAS 2D array

· AAS single column array
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