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1  Introduction

In the previous RAN4 meetings, contributions in [1] - [3] introduced some new deployment/application scenarios for AAS, where one of them is called the macro-micro cells overlay. 

In this contribution, we resubmitted this scenario based on earlier contributions in [1] and [2].  We also added more detailed descriptions such as benefits and potential new work needed to study the scenario. 

2 Discussions
2.1 Rel-12 AAS Work Item  
Current AAS work item in [4] only studies a limited number of coexistence scenarios, which are all based on rather traditional deployments (e.g. macrocell/micro-cell single layer basic cell splitting). Small scale antenna array: 8~16/32 elements number was considered. 

Instead of synthesized method, the analytical method was adopted to study the coexistence requirements based on existing results, supplemented with additional simulations when necessary. 

2.2 Justification/Benefits for new AAS deployments  
In general, AAS overlay deployment is similar to HetNet deployment scenario, where AAS BS could be deployed to provide macro-cell coverage on top of micro-cell or small cells network. This is depicted in Figure 1.
Close collaboration between antenna manufacturer and BS vendor results in better integration of AAS antenna array with AAS radio subsystem module, and the number of AAS antenna elements can also be increased substantially through more compact and integrated approach of AAS radio subsystem and antenna design. This also allows operators to achieve more cost effective AAS overlay deployment. 
[image: image1.png]Macrocell

2 GHz
(example)

3.5 GHz
(example)

2GHz also for
Phantorn cel





Figure 1: Example AAS overlay deployment

There are also quite significant differences in the space-division spectrum reuse/sharing between AAS macro-cells and micro-cells of small-scale antenna array and large-scale antenna array. The beam steering capability of AAS provides new schemes of deployment to further enhance the efficiency of spectrum usage. With the double layer architecture in which the microcell was underlaid on top of the macro-cell AAS BS, there is an opportunity of spectrum sharing between AAS macro cell and the micro-cells underlay in way of spatial division reuse/sharing. 
2.3 Detailed description of macro-micro cells overlay

Figure 1 and Figure 2 provide more detailed operation aspects of macro-micro cells overlay scenarios. The generation of adaptive beams to serve users in macro-cell layer is called beam dwelling. The criteria to operate those dwelling beams are called Beam_dwelling_state. One typical criterion is the interference situation. 

In Figure 2, under the Beam_dwelling _state A, the micro-cells colored with blue color use the same spectrum with the AAS macro-cell beam (i.e. a co-channel deployment).  But, the micro-cells colored with yellow use the different spectrum with the AAS macro-cell beam (i.e. dedicated channel deployment). As a result of the random behavior of the side-lobe and the reflection of the surroundings, the geographical distribution of the micro-cells that could reuse the spectrum used by the AAS macro-cell in the way of spatial division is somewhat stochastic. To handle this spatial spectrum reuse relation between the specific Beam_dwelling _state and the specific micro-cells, the interference sensing at the micro-cells is needed.
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Figure 1: Illustration of the spatial spectrum reuse under the Beam_dwelling _state A
In Figure 2, under the Beam_dwelling _state B, the micro-cells with blue color use the same spectrum with the AAS macro-cell beam. But, the micro-cells with yellow color use the different spectrum with the AAS macro-cell beam.
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Figure 2: Illustration of the spatial spectrum reuse under the Beam_dwelling _state B
The double layer deployment scenarios above greatly increase the spectrum usage efficiency. The adoption of these scenarios needs to specify the beam width, side-lobe strength and beam steer range of AAS BS. The dynamic switching between different beam_dwelling_state can occur based on a set of criteria. 

According to the duplex of the macro-cell AAS BS and the micro-cell underlay, also considering the backhaul implementation of the corresponding micro-cell, the layered deployment scenario can be further classified into six use cases as shown in table 1.
Use case 1: the AAS-TDD macro-cell covers the TDD micro-cells with ideal backhaul. In this case, the TDD micro-cell can be used to collect the in-band/out-band emission of the transmission of the macro-cell AAS BS, and the ideal backhaul allow the micro-cell and the macro-cell to share the same BBU, it is the most feasible case to implement the dynamic spectrum sharing between the AAS-TDD cell and the micro-cell underlay. So this use case is of the highest priority.
Use case 2: the AAS-FDD macro-cell covers the FDD micro-cells with ideal backhaul. In this case, through the proper design of FDD micro-cell, such as install an FDD UE in the FDD micro-cell, the FDD micro-cell can also be able to collect the in-band/out-band emission of the transmission of the macro-cell AAS BS, and the ideal backhaul allow the micro-cell and the macro-cell to share the same BBU. The increased control channel delay decreases the efficiency of the dynamic spectrum sharing. So, it is also a feasible case to implement the dynamic spectrum sharing between the AAS-FDD cell and the micro-cell underlay. Considering the additional   UE installation to implement the in-band/out-band emission, this case was considered of the second priority.
 Use case 3: the AAS-TDD macro-cell covers the TDD micro-cells with non-ideal backhaul. In this case, though the TDD micro-cell can also be used to collect the in-band/out-band emission of the transmission of the macro-cell AAS BS, but the nom-ideal backhaul increase the control channel delay. The increased control channel delay decreases the efficiency of the dynamic spectrum sharing. So this use case is of the third priority.
Use case 4: the AAS-FDD macro-cell covers the FDD micro-cells with non-ideal backhaul. In this case, the proper design of the FDD micro-cell, such as install an FDD UE in the FDD micro-cell in the way as use case 2, the FDD micro-cell also be able to collect the in-band/out-band emission of the transmission of the macro-cell AAS BS, but the nom-ideal backhaul increase the control channel delay. The increased control channel delay decreases the efficiency of the dynamic spectrum sharing. So this use case is of the third priority.
Use case 5/6: the AAS-FDD macro-cell covers the TDD micro-cells with ideal/non-ideal backhaul. In this case, a composite FDD/TDD layered cell was constructed and the ability to support unbalanced UL/DL service was enhanced by the TDD micro-cell. Since there is a need to revise the UE specification to support this function, these two use case seams will not be rolled out in the near future.
For the AAS-TDD cover the FDD microcell and sharing the same spectrum, no benefits can be seen at present time. So, such use cases was marked as NA in Table 1. 
With the use of case 1 and use case 2, not only the spectrum can be used more efficiently, but the cell edge throughput can also be enhanced.
Table 1: The six possible use cases of the layered deployment scenarios

	Micro-cell BS

Macro-cell AAS BS
	FDD
	TDD

	
	Ideal backhaul
	Non-ideal backhaul
	Ideal backhaul
	Non-ideal backhaul

	AAS-FDD
	Use Case 2:

Priority-B
	Use Case 4:

Priority-C
	Use Case 5:

Priority-D
	Use Case 6:

Priority-D

	AAS-TDD
	NA
	NA
	Use Case 1:

Priority-A
	Use Case 3:

Priority-C


2.3 Plan for further study

Together with the companion overlay scenario in [5], coexistence simulation could be carried out to assess the interference severity towards legacy BS systems. The existing Rel-11/12 HetNet scenario platform can be re-used to carry out the simulation study. It is also expected that 3D antenna model and 3D channel model (from existing AAS work item and 3D-MIMO/Elevation Beamforming) could be used. 

To investigate the RF requirements for these new scenarios, the same approach as existing AAS work item could be adopted. However, due to limited time to complete existing AAS work item, the development of the new scenarios could be carried out in stage, or could be conducted as a new SI/WI in future 3GPP release. 

3 Proposals

The deployment scenario with the microcell underlay the AAS macro-cell can greatly increase the spectrum usage efficiency, especially the cell edge throughput. The system capacity can be increased by spatially reuse and/or share the spectrum between the macro-cell and micro-cell AAS BS/small cells. So, it is proposed 

Proposal 1: To study the use case 1 and 2 as the candidate deployment scenario in the AAS WI phase. 
4 Conclusions
In this contribution, we resubmitted introduced the new deployment/application scenarios for AAS in [1] - [3]. Further detailed description of the scenario was performed, and it is proposed that 

Proposal 1: To study the use case 1 and 2 as the candidate deployment scenario in the AAS WI phase. 
Alternatively, a new SI/WI could be initiated within Rel-13 timeframe. 
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