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1 Introduction 
The term “virtual transceiver” was introduced in [1]. A similar term named as “equivalent antenna port” was introduced in reference [2]. Requirements shall be specified according to spatial radiation effects of the BS. The spatial radiation effects of AAS BS considering different applications and deployment scenarios were analyzed in [3]. 

This paper defines the virtual transceivers and the associated “antenna port” based on the spatial radiation effects as analyzed in [3]. This paper also proposed how to apply the existing BS requirements for the defined virtual transceivers and the associated antenna ports.
For simplicity, transceiver is used in this paper to refer to both transmitter and/or receiver.
2 Discussion
2.1 Difference between conventional antenna and the antenna array used by AAS

The conventional antenna for legacy BS usually has one antenna connector for each column of the antenna elements. The existing BS requirements for legacy multiple-antenna BS (where the number of antennas equals to 1, 2, 3, or 4) are specified at each antenna connector, and this shall remain unchanged. 

The antenna array used by AAS has more than one antenna connectors for each column of the antenna elements.  For example, a transmitter of legacy BS with 43dBm is used to drive one antenna. For AAS BS, if there are 4 transmitters used to drive a column of antenna elements for beam steering capabilities in vertical direction, the 43dBm power may evenly allocated to the 4 transmitters, with each transmitter delivering 37dBm power. Coverage of such antenna array in existing specification is insufficient and problematic, as proved in the SI phase. It’s actually not clear how to apply the requirements at the multiple antenna connectors, and the defects in existing specification shall be corrected. How to specify the requirements at multiple antenna connectors is a key task in AAS WI. 
2.2 Antenna port and antenna connector
The term “antenna connector” is usually used in RF conformance requirement specification referring to the existence of a physical point where the signal processing chain within a transceiver is terminated. The requirements for such kind of legacy BS are specified at the antenna connectors and have been well developed.
The term “antenna port” is used in RAN1 specification referring to a logical point where a communication channel can be identified. The antenna port could consist of multiple physical antenna connectors.

The mapping between the “physical antenna connectors” and the “logical antenna port” is not defined in 3GPP specification. The mapping is related to the application and deployment scenarios which are regarded as an implementation issue. To define the AAS requirements, it’s important to understand the radiation effects under different the application and deployment scenarios.

The AAS BS is capable of generating multiple beam patterns. Some of the beam patterns are UE specific, and some of the beam patterns are cell specific. Each beam pattern is related to an antenna port. Only the configured antenna port generates a meaningful radiation pattern for communication purpose. The antenna ports that generate cell-specific beam pattern are cell-specific antenna port, while the antenna ports that generate the UE-specific beam are UE-specific antenna port.
Therefore, we propose to align the “virtual transceiver” and the “equivalent antenna port” with the “antenna port” as defined in TS36.211. However, the antenna ports here are perceived at BS or cell in certain configurations, the virtual transceiver or equivalent antenna port shall refer to the cell-specific antenna port.

It’s not a trivial task to figure out the exact definition for cell-specific antenna ports. For E-UTRA, it seems appropriate to define the cell-specific antenna ports as the CSI-RS ports, or the maximum number of antenna ports perceived by UE E-UTRA.
2.3 Manufacture declaration of the virtual transmitter or cell specific antenna port

Giving the mapping between the “physical antenna connectors” and “logical antenna port” is implementation specific, it shall be declared by the manufacturer. However, an AAS BS may support more that one application configurations. For example, an AAS BS can be configured for 3 sectors (cells)/site with dynamic radio resource sharing in which case each column of antenna elements forms an equivalent antenna port. Alternatively, an AAS BS can also be configured for cell splitting in vertical or horizontal direction for semi-static radio resource sharing, in which case only 2 cell-specific antenna ports are configured [3] if using cross polarized antenna, and all the transceivers are divided as two groups, each representing a “virtual transceiver” with the “equivalent antenna port” connected to a group of antennas with the same polarization direction. 
An AAS BS may be configured for multiple usages therefore the manufacture may declare a few set of virtual transceivers, each corresponding to a unique cell specific configuration. The manufacture shall also declare the gain of the antenna array connected each virtual transceivers, or by EIRP/EIRS of each transceivers. The gain of the antenna array is specified at the bore sight of the antenna. The manufacture shall also indicate whether the declared virtual transceivers are targeted for cell splitting. Below is one typical example.
The multiple sets of virtual transceivers (or multiple configurations) are cell-specific so it’s different from TM9 where the cell-specific antenna port configuration is unique but different UE(s) may perceive different number of antenna ports. 
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Figure 1: Numbering of the AAS physical transceivers for virtual transceiver declaration

Figure 1 shows an AAS with 32 physical transceivers, each with an antenna connector. The connected antenna elements are cross polarized. To declare the virtual transceivers, the manufacturer shall assign a numeric number for each of the transceivers. In the figure 1 the transceivers are number from #1 to #32, where #1-#16 are connected to the +45 degree polarized antenna elements, and #17-#32 are connected to the -45 degree polarized antenna elements. This AAS BS may be configured as the follows.
Configuration #1: There will be 4 virtual transceivers configured. Virtual transceiver #1 consists of the transceiver {#1, #2, #3, #4, #5, #6, #7, #8}; virtual transceiver #2 consists of the transceiver {#9, #10, #11, #12, #13, #14, #15, #16}; virtual transceiver #3 consists of the transceiver {#17, #18, #19, #20, #21, #22, #23, #24} and virtual transceiver #4consists of the transceiver {#25, #26,#27, #28, #29, #30, #31, #32}. Configuration #1 is usually used for traditional 3-sector (cell)/site coverage, as shown in Figure 2 below
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Figure 2: Application scenarios for configuration #1

Configuration #2: There will be 8 virtual transceivers configured. Virtual transceiver #1 consists of the transceiver {#1, #2, #3, #4}; virtual transceiver #2 consists of the transceiver {#5, #6, #7, #8}; virtual transceiver #3 consists of the transceiver {#9, #10, #11, #12}; virtual transceiver #4 consists of the transceiver {#13, #14, #15, #16}, virtual transceiver #5 consists of the transceiver {#17, #18, #19, #20}; virtual transceiver #6 consists of the transceiver {#21, #22, #23, #24}; virtual transceiver #7 consists of the transceiver {#25, #26, #27, #28}; virtual transceiver #8 consists of the transceiver {#29, #30, #31, #32}. Comparing with configuration #1, configuration #2 has lower array gain in horizontal direction but higher array gain in the vertical direction, and this configuration can be usually used for coverage of high building, as shown in Figure 3 below
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Figure 3: Application scenarios for configuration #2

In this case, the manufacture may declare the following parameters.

Table 1: Example of the AAS parameters that the manufacture may declare
	Configurations
	Virtual Transceiver 
	The physical transceivers that consist of the virtual transceiver
	Gain of the connected antenna array, or EIRP or EIRS (values are just examples)

	Configuration #1
	Virtual Transceiver #1
	{#1, #2, #3, #4, #5, #6, #7, #8}
	16dBi, EIRP=59dBm, EIRS=-116dBm

	
	Virtual Transceiver #2
	{#9, #10, #11, #12, #13, #14, #15, #16}
	16dBi, EIRP=59dBm, EIRS=-116dBm

	
	Virtual Transceiver #3
	{#17, #18, #19, #20, #21, #22, #23, #24}
	16dBi, EIRP=59dBm, EIRS=-116dBm

	
	Virtual Transceiver #4
	{#25, #26,#27, #28, #29, #30, #31, #32}.
	16dBi, EIRP=59dBm, EIRS=-116dBm

	Configuration #2
	Virtual Transceiver #1
	{#1, #2, #3, #4}
	13dBi, EIRP=53dBm, EIRS=-113dBm

	
	Virtual Transceiver #2
	{#5, #6, #7, #8}
	13dBi, EIRP=53dBm, EIRS=-113dBm

	
	Virtual Transceiver #3
	{#9, #10, #11, #12}
	13dBi, EIRP=53dBm, EIRS=-113dBm

	
	Virtual Transceiver #4
	{#13, #14, #15, #16}
	13dBi, EIRP=53dBm, EIRS=-113dBm

	
	Virtual Transceiver #5
	{#17, #18, #19, #20}
	13dBi, EIRP=53dBm, EIRS=-113dBm

	
	Virtual Transceiver #6
	{#21, #22, #23, #24}
	13dBi, EIRP=53dBm, EIRS=-113dBm

	
	Virtual Transceiver #7
	{#25, #26, #27, #28}
	13dBi, EIRP=53dBm, EIRS=-113dBm

	
	Virtual Transceiver #8
	{#29, #30, #31, #32}.
	13dBi, EIRP=53dBm, EIRS=-113dBm


The gain of the connected antenna array is defined at the bore sight of the antenna with zero tilt.

The manufacture may declare additional configurations that the AAS BS are designated to operate with such configurations. The manufacture must declare all the configurations that the AAS BS is designated to operate with. For example, if the AAS BS can be configured for cell splitting, the manufacture shall declare the following configurations:
Table 2: Example of the AAS parameters that the manufacture may declare with virtual transceivers driving multiple column of antenna
	Configurations
	Virtual Transceiver 
	The physical transceivers that consist of the virtual transceiver
	Gain of the connected antenna array, or EIRP or EIRS (values are just examples)

	Configuration #3
	Virtual Transceiver #1
	{#1, #2, #3, #4, #5, #6, #7, #8, #9, #10, #11, #12, #13, #14, #15, #16}
	19dBi, EIRP=62dBm, EIRS=-119dBm

	
	Virtual Transceiver #2
	{#9, #10, #11, #12, #13, #14, #15, #16, #17, #18, #19, #20, #21, #22, #23, #24}
	19dBi, EIRP=62dBm, EIRS=-119dBm


However, as we analyzed in [3], the overall radiation effects of configuration #3 is similar to configuration #2, therefore, we would suggest not to specify and test the requirements based on configuration #3. 

In the above example, TM9 can be used in both configuration #1 and configuration #2.
2.4 The applicable requirements
The manufacture may declare multiple cell specific configurations that the AAS BS are designated to operate with. Naturally, questions come up on what shall be the applicable requirements for the declared virtual transceivers.
Based on the analyses in [3], it is not suggested to consider AAS requirements based on configurations where the virtual transceivers driving multiple column antenna elements are intended for cell splitting. 

For the rest of configurations, we propose:
Core requirements: In principle, the existing requirements in existing specification specified for each antenna connector are applicable to all the declared virtual transceivers.
Conformance testing requirements: Although the core requirements are applicable to all the declared virtual transceivers, it’s not necessary to test all the virtual transceivers. 

Testing of conformance can be done by the configurations representing the worst case scenario. The worst case scenario refers to the case where the radiated power has the maximum influence to the adjacent systems. We propose to select the configuration with the maximum antenna array gain among all the configurations. In the examples in Table 1, we provisionally select Configuration # 1 to test the conformance.
In the example give in Table 1, all the declared virtual transceivers shall meeting the existing requirements in existing specification specified for each antenna connector. However, the test of the conformance can be done using configuration #1 only. 
3 Conclusions and proposals

In this paper, we propose
1) The virtual transceivers and the corresponding equivalent antenna ports in certain configuration shall be the cell-specific antenna ports. For E-UTRA, this corresponds to the maximum number of antenna ports perceived by UE, or the maximum CSI-RS port.
2) The manufacture shall declare all the configurations that the AAS BS is designated to operate with. Each of the configurations includes the number of the virtual transceivers, as well as the gain of the connected antenna array, or by EIRP/EIRS of each virtual transceiver.

3) The gain of the connected antenna array is specified at the bore sight of the antenna with zero tilt.
Based on the analyses in [3], it is not suggested to consider AAS requirements based on configurations where the virtual transceivers driving multiple column antenna elements are intended for cell splitting. For the rest of configurations, we propose:
4) Core requirements: In principle, the existing requirements in existing specification specified for each antenna connector are applicable to all the declared virtual transceivers. 

5) Conformance testing requirements: Although the core requirements are applicable to all the declared virtual transceivers, it’s not necessary to test all the virtual transceivers. Testing of conformance can be done by the configurations representing the worst case scenario. The worst case scenario refers to the case where the radiated power has the maximum influence to the adjacent systems. We provisionally propose to select the configuration with the maximum antenna array gain among all the configurations. 

6) By defining the requirements using the concept of virtual transmitter, the other conducted requirements can be easily translated as radiated requirements in the future with meaningful technical implications so that the specification can be made future-proof. 
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