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1 Introduction 
During the study item phase, the deployment scenarios for base station classification were investigated, and the some examples of AAS applications were identified. The following results were captured in TR37.840:

· The applications were documented in sub-clause 5.1.
· The deployment scenarios for BS classifications were documented sub-clause 5.2.1.

Those results are still valid for AAS BS. One aspect that needs further analyses is the configurations of the AAS BS when being deployed for different applications. This is one important part of the AAS deployment scenarios.
The existing E-UTRA specifications defined a variety of MIMO schemes, such as single-antenna port mode, MU-MIMO, SU-MIMO, TX diversity, open-loop spatial multiplexing, close-loop spatial multiplexing, rank 1 close-loop spatial multiplexing (beam forming), and etc. These MIMO schemes were defined as different transmission mode in TS36.213. The transmission mode is UE specific and is dynamically configured for specific UE by high layer signalling according to channel conditions. The term of “beam-forming” doesn’t exist in existing RAN1 specification but there are several transmission modes that are intended for beam forming transmission.
How to configure the coverage of common control signals or coverage of a cell, such CRS, PSS/SSS, PBCH, PDCCH and so on in E-UTRA signals are not specified in existing specification, and it is generally implementation issue. The lots of implementation flexibilities may complicate this issue. However, coverage of a cell is one important part of deployment scenario which is related to the applicable requirements for AAS BS. This paper provided some analyses targeting at sorting this issue out.
In order to progress with the discussions with enough clarity, AAS BS deployment configurations are elaborated in this paper by methodologies of classifications. The AAS applications were firstly classified according to the configurations of the cell coverage. Then the applications under each cell coverage configurations were further classified according to the SDMA (spatial division multiple access) scheme. We hope the proposed classification offers the clarities facilitating further discussions for AAS BS requirements.
2 Discussion
The coverage of a cell is usually decided by the cell-specific control signals. For example, the E-UTRA cell coverage is usually determined by the coverage of PSS/SSS, PBCH, PDCCH, CRS and etc. Usually the cells are configured for continuous coverage, which is the most commonly employed deployment scenario. For BS with beam forming capabilities, non-contiguous coverage could also be possible although it was not very common. In the following sections, we discuss and analyze the BS configurations for continuous coverage, as well as the feasibilities of non-continuous coverage and the potential impacts on AAS requirements. 
2.1 Continuous coverage
Cellular wireless network is usually designed for continuous coverage of certain geographical area by means of splitting the coverage as cells, and the same radio resources (frequency) can be re-used in each cell. AAS BS offers the capabilities of high order spatial reuse of the radio resources. There are two ways to improve the spatial re-use efficiency by AAS BS: The first one is the traditional 3-sector (cell)/site deployment where the different transmission modes are employed for different UE. In this case the radio resources are dynamically shared between the UE(s). The second one is to split the cells into multiple cells in either horizontal or vertical directions, so that the same radio resources can be shared between those split cells for the different transmission modes configured in each split cell. Cell-splitting in vertical and horizontal direction is a kind of semi-static radio resource sharing scheme. 
The AAS BS deployment configurations for these two radio resource sharing schemes will be introduced separately below. It should be noted that the purpose of introducing those scenarios is only for the AAS requirements and it’s not RAN4 responsibility to evaluate and justify the throughput gain for the proposed schemes.
2.1.1 3-sector (cell)/site: dynamic radio resource sharing 
We first talk about the coverage of the cell, or coverage of the shared control channels, such as PSS/SSS, PBCH, PDCCH, CRS and etc for E-UTRA system. Due to the antenna virtualization, which means multiple physical antennas are virtualized as one antenna that may be configured to transmit the same control signal, beam-forming may be applied to those control signals. However, even with antenna virtualization, the coverage pattern of those shared control channels is still similar to radiation pattern of a single antenna by optimized weighting vector design. 
For legacy system with one antenna connector for each column of antenna elements, the coverage pattern of the cell is basically the same as the radiation pattern of each antenna (or a column of antenna elements). The existing MIMO application schemes were mainly designed based on this deployment scenario.
For AAS system with multiple columns of antenna elements, the similar configuration may be employed. Each antenna column is configured in the same way as legacy BS with conventional BS. The difference is that each column of antenna elements in AAS BS may be driven by multiple transceivers so that the beam steering in the vertical direction is possible. In this case, the transceivers driving the antenna column transmit or receive exactly the same signal, or those transceivers forms a virtual transceiver, and all the physical antenna connectors associated with those transceivers form an “antenna port”. 
We call the antenna pattern for cell coverage as cell specific beam pattern. Inside the cell, different transmission modes may be configured for different UE, which may use either spatial multiplexing, diversity, or beam forming. Again we call the antenna pattern for specific UE as UE specific pattern, as shown in Figure 1. In case of diversity or spatial multiplexing, the UE specific pattern would be the same as cell specific pattern. The UE specific pattern in case of beam forming may not be the same as cell specific pattern, but the overall time average effects of UE specific pattern considering the different locations of the UE should converge to the similar shape of the cell specific pattern, as shown in Figure 2. In Figure 2 shows an example of power radiation patterns for a 3 sectors/cell scenario with UE applying UE level beamforming, or diversity/spatial multiplexing, respectively. 
This paper uses the following simplified assumptions:
Cell level control signals

a. Fixed beam position – all drops
b. Array size: 1 (column)*10(row)
c. 30% of the total transmitter power 

d. 9 deg downtilt in elevation

User level beams 
· Case 1: UEs apply UE level beamforming
a. 4 user consecutive level beams
b. Array size: 4 (column)*10(row)
c. Pointed directly at UE location (in azimuth and elevation) per drop
d. Azimuth angle between ±60º
e. 70% of the total transmitter power. Each user beam has equal power
· Case 2: UEs apply diversity/spatial multiplexing (antenna pattern is the same with cell level control signals)
a. Fixed beam position – all drops
b. Array size: 1 (column)*10(row)
c. 9 deg downtilt in elevation
d. 70% of the total transmitter power
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Figure 1 3-sectors (or cells)/site scenario.
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Figure 2 Comparsion of radiation pattern of UE-specific beamforming (average over 20 drops) and legacy BS with 3 sectors/cell 
2.1.2 Cell splitting in vertical and horizontal direction: semi-static radio resource sharing 

In case of cell splitting, the coverage of the cells are still decided by the cell specific signals, such as the synchronization channel, the pilot (or reference channel), and the broadcast channel. However, the differences from the 3-sectors (or cells)/site scheme is a set of fixed beam-forming vectors, while each vector represents a different cell, is applied to those channels. Each partitioned cell has a cell-specific beam pattern and all the partitioned cells still provide the continuous coverage. In this case, all the transceivers, if they drive the correlated antenna elements (or in typical case in the same polarization), forms a virtual transmitter, and all the associated physical antenna connectors form one “antenna port”. Using E-UTRA as an example, for one cell, all the transmitters are configured to transmit the PSS/SSS associated with the cell ID, with the coverage shaped by a beam forming vector corresponding to the partitioned cell. The transmitter can be configured to transmitter multiple different PSS/SSS representing different cells, each cell is distinguished by cell ID, and the cells are spatially divided by the associated beam-forming vectors. 
Inside each partitioned cell, the different transmission modes can still be configured for each specific UE. However, the maximum number of port is 2 if the antennas are designed as cross-polarization. This is different from the 3-sectors (or cells)/site scenario where the number antenna port could be larger.
Again, the UE specific beam pattern within each partitioned cell would be different, but the overall time average effects of UE specific pattern considering the different locations of the UE should converge to the similar shape of the cell specific pattern.
2.1.3 Comparison between 3 sectors/cells and cell splitting
It should be noted that those two cases for continuous coverage won’t make any significant difference in terms of overall radiation effects. The purpose of cell splitting is to share the radio resources between the virtual cells but the overall coverage by combination of the partitioned cells is similar to the 3 sectors (cells)/site configuration. The maximum antenna gain of the partitioned cell which generated by all the array elements would be slightly higher than the antenna gain of a single column antenna elements, but the total power is shared by all the partitioned cells. Therefore, the overall effects would be similar between these two cases. Figure 3 shows an example of power radiation patterns for horizontal cell partitioning (±25º) and traditional 3 sectors/cell coverage. The array size is 4 (column)*10 (row) for AAS BS configured for horizontal cell partitioning, and 1 (column)*10(row) for legacy BS, and the total conductive Tx power is assumed as 43dBm for both cases.  
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Figure 3 Comparison of power radiation patterns for horizontal cell splitting and legacy BS with 3 sectors/cell
2.2 Non-continuous coverage
With multiple column array antenna used in AAS BS, it’s possible to generate multiple very thin beams to provide non-continuous coverage, and the coverage are available at a few points only. The advantage of such scheme is to provide radio coverage only at locations where there are traffic needs, so that the waste of radio power is avoided. By reducing the radio power within the system, the interference can also be significantly reduced. However, not all of the non-continuous coverage is feasible. 
2.2.1 Non-continuous coverage for fixed access points
Non-continuous coverage for fixed access point is feasible. In this case, the AAS BS can be used serving the backhaul of the small cells which are deployed at fixed access points. Figure 2 illustrate the scenarios. 
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The coexistence study for the scenarios listed in section 2.1 would be sufficient to cover the non-continuous coverage for fixed access points. Due to the spatial inter-modulation properties as introduced in [2], the ACLR would be evenly distributed in the space. For spurious emission requirement for coexistence, the operator would optimize the power allocation the gain between the beams, which is not a problem. Therefore, the non-continuous coverage for fixed access points are feasible but there is no need to do further simulation studies for this specific scenarios.

2.2.2 Non-continuous coverage for mobile UE

In this case the AAS BS provides some fixed or dynamically adjusted beams to serve the mobile UE. The coverage is non-continuous. In locations where UE was outside of the coverage area, how the UE would access the network is a problem. Therefore, scenarios where non-continuous coverage is configured for mobile UE is not considered as feasible at this moment.
3 Conclusions and proposals

The intention of this paper is to classify the applications and corresponding scenarios so that the connections between the requirements and the applications can be established. The AAS BS applications and the corresponding scenarios are classified as the following cases:
1) Continuous coverage with dynamic radio resource sharing: 3 sectors (cells)/site 
2) Continuous coverage with semi-static radio resource sharing: cell partitioning in horizontal and/or vertical directions. 
3) Non-continuous coverage for fixed access points.

4) Non-continuous coverage for mobile access points
It’s shown that Case 1), 2) and 3) are feasible. The classifications listed above offers much clarification for the ongoing discussion. 

It is found that the overall radiation pattern of Case 1) and Case 2) would be very similar. Therefore, it’s suggested to do simulation study for either Case 1) or Case 2). We prefer to do Case 2) giving there are already some simulation work done on Case 2).
It is also found that the coverage of a cell is determined by the configurations of the cell specific signals, such as the synchronization signal, the reference signal, and broadcast signals, and so on. It is found that the overall radiation pattern, including the cell specific signals which determine the cell coverage and the UE specific radiation pattern converge to the radiation pattern of the cell specific radiation pattern. 
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