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1 Introduction

At the RAN#58 meeting, a new study item on next-generation SON for UTRA and LTE had been approved [1]. One of its main objectives is to identify SON enhancements and new features needed for the deployments based on active antennas. More details on this topic are quoted as follows:
Active antennas allow the creation of multiple vertical and horizontal beams making the deployment dynamic. That enables dynamic cell splitting/merging to handle changing load conditions. For example, beams may be steered to distribute capacity precisely according to actual traffic mix, traffic location and user demands. That makes active antennas particularly good for suburban and rural areas, where fixed deployment of pico cells is expensive, but the network may face congestion situations nonetheless. SON can automate the network deployment based on active antennas. (Please note, the work addresses dynamic deployment aspects related to active antennas, like cell splitting/merging and related RAN signalling, not specific to 3D-MIMO or other particular work item under RAN1 responsibility.)
In this contribution, we would like to provide our opinions on deployment scenarios and candidate use cases in order to clarify some objectives of this SI, for the sake of avoiding any potential confusion before detailed discussions start in RAN3.
2 Discussions
As per [2], a Base Station (BS) system which combines active antennas is defined as Active Antenna System (AAS). Comparing to conventional antenna which only provides “passive” gains (e.g. directivity), active antenna 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. Additionally, 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.  

2.1 Deployment scenarios
As mentioned in the approved SID [1], the AAS is considered as popular solution for serving suburban and rural areas, where the population density is much lower than urban area. Therefore, the number of BS sites can be very limited, i.e., from geometry point of view the inter-site distance (ISD) is much larger than urban area. Consequently, a BS needs to cover wide area. In [2], the AAS BS used for wide area coverage is defined as Macro AAS. 
Meanwhile, the sparse BS sites also imply that multiple frequencies and/or RATs BSs need to be co-sited for reducing CAPEX. In this case, we assume that coordination between co-sited BSs is technically feasible. Furthermore, the coexistence of AAS BS with convention BS shall be considered. One question is that whether coordination between them can still be a reasonable assumption. In our opinion, although the convention BS is not equipped with active antenna, but by software updates it can coordinate with AAS BS and then the benefits of applying active antenna in the network can be fully exploited. 
In summary, the following Macro AAS deployment scenarios are identified:
· E-UTRA Macro AAS BS co-located with another E-UTRA Macro AAS BS

· E-UTRA Macro AAS BS co-located with E-UTRA Macro convention BS
· E-UTRA Macro AAS BS co-located with UTRA Macro AAS BS

· E-UTRA Macro AAS BS co-located with UTRA Macro convention BS
Proposal 1: It is proposed that the abovementioned Macro AAS deployment scenarios shall be studied in the SI. 

2.2 Use cases of Macro AAS

Thanks to the AAS abilities, e.g. dynamic beam shaping, many different applications are envisioned. 
2.2.1 Self-configuration of Macro AAS

In this case, we assume that at least the UTRA layer provides ubiquitous coverage in the same geographical area. 
When the operator want to add a LTE layer, update Macro convention BS with AAS capability, or use UTRA bands for LTE reframing, the BS can reuse the network planning data from the co-sited BS to perform self-configuration of AAS at initial deployment phase. After that, the BS can autonomously perform the fine-grain tuning of AAS in order to optimize network coverage and capacity. Such feature would significantly reduce manual work and accelerate the service delivery. 
Proposal 2: It is proposed that the self-configuration of Macro AAS by reusing the network planning data from the co-sited BS shall be studied.
2.2.2 Individual adjustment on per frequency/RAT

More than merely integrating multiple carrier frequency and multiple air interfaces into single equipment, AAS can perform down tilt angle adjustment and beam shaping on different frequencies/RATs respectively. For example, it will add an additional degree of freedom into inter-RAT MLB when antenna tilt angle of different RATs can be adjusted separately. 
For this use case, interworking between AAS BS with different frequency/RAT (AAS or convention) BS should be studied. From SON perspective, both centralized (e.g. OAM-based) or distributed architecture (e.g. X2-based or S1 RIM signalling) can be applied for information exchanging, but our preference is that for co-sited BSs, RAN-level interworking shall be studied for AAS self-configuration can be more efficient and effective, especially when the co-sited BSs share the same active antenna. 
Proposal 3: RAN-level interworking between AAS BS with different frequency/RAT (AAS or convention) BS should be studied.
2.2.3 Beam shaping and tilt angle optimization

For convention antenna system, only the down tilt angle can be adjusted mechanically. Another limitation is the reciprocity of the DL and UL radiation patterns. However, considering the asymmetrical radio capabilities between UE and BS, such feature becomes a shortcoming due to that the DL and UL coverage are hardly to be optimized simultaneously.
For AAS, the DL and UL channels could have separate down tilt angles. Therefore, the unbalanced DL and UL coverage can be gracefully solved. More details of improved DL and UL cell average/edge throughputs by down tilt angle optimization please refer to [2]. 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. Therefore, we propose that the self-optimization of both down tilt angle and beam shaping shall be studied in this SI.  
[image: image1.emf]
Figure-1: Coverage and capacity optimization by beam shaping adjustment [CCO paper]

Another relevant use case is the interaction between MRO function and AAS. The rationale of MRO is to adjust the “soft” mobility setting thresholds for better handover performance. For coverage-related issues, e.g. coverage hole, the pre-Rel12 MRO can only identify but not be able to solve it. However, the AAS can adjust the radio signal strength in a certain geographical area, which implies that at least to some extent the AAS will be able to remedy the coverage-related issues. Therefore, we propose that how to leverage AAS to solve coverage issues shall be studied in this SI.
Proposal 4: AAS self-optimization of both down tilt angle and beam shaping shall be studied.
Proposal 5: It is proposed to study how to leverage AAS to solve coverage issues.
2.3 Semi-static sectorization

Since the phase and amplitude of the signals from each radiating element inside the active antenna can be electronically controlled, AAS is able to create multiple beams and steering them to different directions. Thus, AAS can use different direction beams to further partition a cell into several sub-sectors vertically or horizontally, i.e. the sectorization. For example, as shown in the Fig.2, an AAS creates two cells in the vertical direction simultaneously, which are one micro inner cell and one outer macro cell. Such technology is very essential to improve system capacity by introducing more spatial multiplexing gains to meet the fast-growing demand on data traffic. 
Although it is feasible to use inter-frequency sectorization, i.e. dividing cell into inter-frequency sub-sectors, we think intra-frequency sectorization shall take precedence over it. The reasons are: 
· both UTRA and E-UTRA are specially optimized for co-channel layout;

· the co-channel interference between sub-sectors can be mitigated, due to the attenuation by side lobe against the main lobe;
· the sectorization is transparent to UE, i.e. only one cell appears to the UE. 

Another important application is that AAS can meet the time-varying throughput requirements by applying sectorization dynamically. As shown in Fig.2 and Fig.3, in the peak hour, the AAS BS can trigger the sectorization to create a micro cell in hotspot area to boost system capacity; while in the off-peak hour, it can turn off the sectorization (de-sectorization) and use a relative wider beam for maximizing coverage to save resources. Regarding that such tidal phenomena of traffic flow, we propose that adaptive semi-static sectorization method shall be studied in this SI.

[image: image2.emf]      
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Figure-2: Sectorization in peak hour            Figure-3: De-sectorization in off-peak hour
Proposal 6: It is proposed that adaptive semi-static sectorization method shall be studied.
3 Conclusion

With respect to the active antenna technology, various applications have been envisioned. In this contribution, we outlined the deployment scenarios and candidate use cases of AAS in order to ensure that all the important aspects will be considered in this SI. Based on the above discussions, we propose that:
Proposal 1: It is proposed that the abovementioned Macro AAS deployment scenarios shall be studied in the SI.
Proposal 2: It is proposed that the self-configuration of Macro AAS by reusing the network planning data from the co-sited BS shall be studied.
Proposal 3: RAN-level interworking between AAS BS with different frequency/RAT (AAS or convention) BS should be studied.
Proposal 4: AAS self-optimization of both down tilt angle and beam shaping shall be studied.
Proposal 5: It is proposed to study how to leverage AAS to solve coverage issues.
Proposal 6: It is proposed that adaptive semi-static sectorization method shall be studied.
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