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1 Introduction

At the RAN3#79bis meeting, some starting points for scenario description and objective of SON study for AAS are agreed as below [1]:

The SON for AAS-based deployments should address scenarios with high traffic demand from high density of UEs. The UEs may be concentrated temporarily or permanently in space; the AAS-based deployment is used to optimise capacity.

Additionally, the participants formulated following objective for the further work:
The objective of SON for AAS task should be to evaluate whether SON mechanism could be beneficial to optimize inter-operability of AAS operations. Also, as part of the task, an evaluation should be performed of whether existing SON features need to be enhanced to handle the dynamic changes due to AAS activities.
In this contribution, we discuss some typical optimizations of AAS deployment and evaluate whether such AAS operations can benefit the existing SON features.

2 Discussion
2.1 Typical optimizations of AAS deployment
Comparing to conventional antenna that only provides “passive” gains (e.g. antenna directivity), active antenna system (AAS) can provide additional “active” gains by integrating more electronic and even digital functions into it. More explicitly, active antenna consists of multiple active radiation elements and AAS can adjust the feeding signal to the radiation elements individually. Thus, AAS can adjust down tilt angle and radiation pattern (i.e. beam shaping) of the active antenna dynamically. 
Some previous research results prove that AAS can improve network capacity and coverage by means of optimizing down tilt antenna and beam shaping appropriately. In [2] it shows that DL and UL cell average/edge throughputs can be improved by down tilt angle optimization. Furthermore, in addition to tilt angle adjustment, the study in [3] indicates that the beam shaping optimization can also improve cell average/edge throughputs, as shown in Fig.1.
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Figure-1: Coverage and capacity optimization by beam shaping adjustment [3]

Moreover, AAS can solve unbalanced DL and UL coverage due to the asymmetrical radio capabilities between UE and BS. In this case, for convention antenna system, its reciprocity of the DL and UL radiation patterns becomes a limitation that the DL and UL coverage are hardly to be optimized simultaneously. However, in light of AAS, a cell can apply separate down tilt angles for its DL and UL channels respectively. Therefore, the unbalanced DL and UL coverage can be gracefully solved.

It is worth noting that AAS can integrate multiple carrier frequencies and multiple air interfaces into single equipment, for example, the AAS may create 4 virtual antennas for an LTE carrier and 2 antennas for a UTRA carrier, and more than that AAS can perform down tilt angle adjustment and beam shaping on different frequencies/RATs respectively. 

Hereby, we observe that in light of AAS techniques, a cell may perform beam shaping and tilt angle optimization based on per frequency/RAT, and individually on UL and DL.

Observation 1: In light of AAS techniques, a BS may perform beam shaping and tilt angle optimization based on per frequency/RAT, and individually on UL and DL.

2.2 AAS-aid load balancing

Conventional load balancing method relies on adaptive adjustment of the Cell Individual Offset (CIO). Such operation is only applicable to the UEs who locate at the cells overlapping area as illustrated in the upper part of Fig.1. However, with the aid of beam shaping and tilt angle optimization, AAS can add an additional degree of freedom into load balancing operations. 
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Figure-2: Conventional and AAS-aid load balancing operations in co-channel deployment
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Figure-2: AAS-aid inter-frequency/RAT load balancing operations
For co-channel deployment, the effectiveness of CIO-based load balancing would be degraded if less UEs locate in the overlapping area. In this case, the cell remaining in congestion may shrink itself by increasing antenna down tilt angle, meanwhile request its neighbor cells to increase their antenna down tilt angles in order to guarantee RLF-free coverage as illustrated in the lower part of Fig.1. 

For inter-frequency/RAT deployment, when the macro cell providing basic coverage needs to offload traffic to the capacity-layer pico cells, the HO candidate UE is limited to those who can receive pico cell signal. Therefore, as illustrated in Fig.2, the pico cell can apply reduced down tilt angle to its antenna in order to absorb more UEs from macro cell. 

The above discussions show that the AAS-aid method can increase the flexibility of load balancing. Therefore, we propose that such method shall be studied.

Observation 2: The flexibility of load balancing can be increased thanks to AAS operation.

Proposal 1: It is proposed to study the AAS-aid load balancing solution.
2.3 AAS-aid MRO
The rationale of existing MRO function is to adjust the “soft” mobility setting thresholds for better handover performance. However, such adaptive optimization cannot solve the following issues:

· Downlink coverage hole: the existing MRO function by gathering RRM measurement results from UE can only identify but not be able to solve it. 

· RLF due to uplink transmission problem: the existing MRO function may identify such problem by reading the RLF root cause, but not be able to solve it.
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Figure-3: AAS-aid coverage optimization
Note that AAS can adjust the direction of antenna boresight, and change the shape of the beam. This implies, as illustrated in Fig.3, that at least to some extent the AAS will be able to remedy the coverage hole issue by rearranging the radio signal strength in a certain geographical area. Moreover, the uplink transmission problem can be relieved by optimizing beam shaping and tilt angle optimization for UL individually. In another word, the MRO function can be enhanced with the aid of AAS operations. Therefore, we propose that inter-operability between AAS and MRO shall be studied for further mobility performance enhancement.
Observation 3: AAS can be considered as a new tool for mobility robustness optimization. 

Proposal 2: It is proposed that coordination between AAS and MRO shall be studied for further mobility performance enhancement.
3 Conclusion

AAS deployment optimization can improve network capacity and coverage. Our discussions demonstrate that load balancing and mobility optimization can exploit AAS operations for extra flexibility and capabilities. Therefore, we recommend that coordination between AAS and existing SON features shall be further studied.

Observation 1: In light of AAS techniques, a BS may perform beam shaping and tilt angle optimization based on per frequency/RAT, and individually on UL and DL.
Observation 2: The flexibility of load balancing can be increased thanks to AAS operation.
Observation 3: AAS can be considered as a new tool for mobility robustness optimization.
Proposal 1: It is proposed to study the AAS-aid load balancing solution.
Proposal 2: It is proposed that coordination between AAS and MRO shall be studied for further mobility performance enhancement.
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