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1 Introduction 
During the SI phase, a general AAS radio architecture was defined and captured in TR37.840:
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It’s clear that this architecture also covers the legacy multiple antenna BS as a special case. Legacy multiple-antenna BS has been widely deployed in commercial network and the corresponding requirements have been well developed. When working on the requirements on AAS BS, it’s very important to make sure that the applicable requirements for legacy multiple-antenna BS shall remain unchanged. Therefore, it’s necessary to differentiate the legacy multiple-antenna BS from the AAS BS types according to the antenna installed so that discussions can proceed with clarity.

The radiated requirements for AAS entire system such as EIRP and EIRS have been extensively discussed in RAN4. There have been questions on whether the same methodologies for legacy BS can be used to specify requirements for AAS BS. It’s therefore necessary to elaborate further the differences between AAS BS and legacy BS. To do this, it is necessary to classify AAS BS as different types according to the used antenna and the connection options so that different set of requirements can be specified for different AAS types.
The paper proposed to classify the BS types according to the antenna installed. The proposed BS type shall be declared by the manufacturers according to the requirements that the AAS BS has to comply with

The applicable requirements and the specification organization for the proposed BS types are also proposed.

2 Discussion
2.1 Background

In RAN4 #67 meeting in Fukuoka, the AAS characteristics were discussed in R4-132395 [1] and were summarized as 4 key words: “integrated”, “know antenna”, “beam steering”, and “configurable”. As already analyzed in that paper, some of the characteristics are not unique for AAS BS only, for example, “beam steering” is also available for legacy multiple antenna BS although the beam direction can only be adjusted in the horizontal direction. Beam steering in the vertical direction can be a key characteristic to differentiate the legacy BS from the AAS BS.
The past contribution in reference [2] proposed to define some vocabulary such as “Legacy MIMO systems”, “Beamforming systems”, and “Integrated Active Antenna Systems”. One issue with such classification is the coverage of those terms would overlap. For example, the legacy MIMO systems are also beam-forming systems.
2.2 Some examples regarding the connections between BS and the antennas

Regarding the connection and integration options between the BS and the connected antenna, below are some examples:
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Figure 1: Some implementation examples

Case 1 shows the traditional connections between the legacy BS using the conventional antenna (no vertical beam steering). The RRU and the antenna may be either connected by cable or by connectors where the BS and the antenna can be characterized separately. The RRU and the antenna are two independent components.
Case 2 uses the array antenna that is capable of vertical beam steering. The transceiver array and the antenna array are connected by either cable or connectors where the BS and the antenna can also be characterized separately. However, the conducted requirements for the transceiver array shall be carefully specified. The existing requirements in existing specifications cover Case 2 as “BS using antenna array” but there could be some defects in the specifications that shall be repaired, and reference [4] shows the same view. To figure out how to apply the existing requirements to a group of antenna connectors presented at the transceiver array boundary is one of the key tasks for AAS WI. For case 2, some radiated performance could also be known by measurement of transceivers and the antenna separately, which is similar to the legacy BS.
Case 3 uses the conventional antenna (no vertical beam steering) but the transceivers and antenna are closely integrated. The transceiver shall meet the existing requirements specified at each antenna connector, or Case 3 shall meet the requirements for Case 1 as essential conformance. In addition, due to the interactions between the transceiver and antenna [2], some radiated requirements characterizing the transceivers and antenna altogether shall be specified as the complete conformance for Case 3, for example EIRP or EIRS.
Case 4 uses the antenna array with vertical beam steering but the transceivers and antenna are closely integrated. The transceiver shall meet the requirements specified for Case 3 as essential conformance. In addition, due to the interactions between the transceiver array and antenna array [2], some radiated requirements characterizing the transceiver array and antenna array altogether are desired as complete conformance in order to know the real performance of the whole system.

The four cases listed above are just examples and there may be other implementation options different from the examples as shown in figure 1 above. However, the requirement sets as implied by the 4 cases are enough to cover any different implementation options.  
2.3 Classification of AAS BS
A Base Station can be firstly classified as BS with integrated antenna, or without integrated antenna according to the design and implementation options. It may be difficult to define the word “integrated” in specification but the different AAS types can be differentiated by the different requirements that the BS declared to conform to. 
For the BS with either integrated or non-integrated antennas, the BS may use the antennas with beam steering capabilities in horizontal direction only, or antennas with beam steering capabilities in both horizontal and vertical directions. In combination there are four different BS types as illustrated in the Figure 2:
Legacy BS: BS using external antenna, with horizontal beam steering capability only, and antenna number =1, 2, 4, or 8.

AAS Type 1: BS using antenna that can be characterized separately, with both horizontal & vertical beam steering capability.
AAS Type 2: Legacy multiple antenna BS with integrated antenna with horizontal beam steering capability only, and antenna number =1, 2, 4, or 8.

AAS Type 3: BS with integrated antenna, with both horizontal & vertical beam steering capability.

By defining AAS Type 1, Type 2, and Type 3 we add more weight more on the 3D beam steering capabilities, which is also an easy way to differentiate AAS BS from the legacy BS.
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Figure 2: Classification of BS types
2.4 Applicable requirements for different AAS types
As it was discussed in [2], separate characterization of the antenna array and transceiver array may not be sufficient for some of the AAS implementations where the antenna array and transceiver array are integrated with specific design. However, there might be some other implementation options that the antenna array and transceiver array could be characterized separately. This is true for both legacy BS with horizontal beam steering capabilities as well as for AAS BS with both horizontal & vertical beam steering capability. Thus we propose the applicable requirements for the four BS types as listed in Table 1:
Legacy BS: the existing conductive requirements per antenna connector.

AAS Type 1: new conductive requirements per each “virtual transceiver” or “equivalent antenna port”. The radiated performance can be known in the same way as for legacy BS. However, a radiated requirement for both the active transceiver and the antenna may still be desirable. 
AAS Type 2: the existing conductive requirements per antenna connector as essential conformance, plus the radiated requirements characterizing each transceiver and the installed antenna as the complete conformance, such as the EIRP.

AAS Type 3: this type of AAS shall meet the new conductive requirements per each “virtual transceiver” or “equivalent antenna port” as essential conformance, plus the radiated requirements characterizing the transceiver array and the antenna array as an entire system as the complete conformance. The conducted requirements for AAS type 2 are the same as for AAS Type 1.
Table 1: Applicable requirements for the different BS types illustrated in Figure 2
	BS Type
	Applicable Requirements

	
	Existing per antenna connector BS requirements
	Conducted requirements per “virtual transceiver” or “equivalent antenna port”
(To be in existing BS specification by repairing the defects in existing specification)
	Radiate requirement characterizing the antenna and transceivers as a whole system

(New specification)

	Legacy BS
	YES
	NO
	NO

	AAS Type 1
	NO
	YES
	May still be desirable

	AAS Type 2
	YES
	NO
	YES

	AAS Type 3
	NO
	YES
	YES


3 Conclusions and proposals

Based on the discussions above, we have the following proposals:
Proposal 1: Classification of AAS BS
Legacy BS: BS using external antenna, with horizontal beam steering capability only, and antenna number =1, 2, 4, or 8.

AAS Type 1: BS using antenna that can be characterized separately, with both horizontal & vertical beam steering capability.

AAS Type 2: Legacy multiple antenna BS with integrated antenna with horizontal beam steering capability only, and antenna number =1, 2, 4, or 8.

AAS Type 3: BS with integrated antenna, with both horizontal & vertical beam steering capability.

Proposal 2: Applicable requirements for different AAS types:
Legacy BS: the existing conductive requirements per antenna connector.

AAS Type 1: new conductive requirements per each “virtual transceiver” or “equivalent antenna port”. The radiated performance can be known in the same way as for legacy BS. However, a radiated requirement for both the active transceiver and the antenna may still be desirable. 
AAS Type 2: the existing conductive requirements per antenna connector as essential conformance, plus the radiated requirements characterizing each transceiver and the installed antenna as the complete conformance, such as the EIRP.

AAS Type 3: this type of AAS shall meet the new conductive requirements per each “virtual transceiver” or “equivalent antenna port” as essential conformance, which are the same as the conductive requirements for AAS Type 1, plus the radiated requirements characterizing the transceiver array and the antenna array as an entire system as the complete conformance.

Proposal 3: The conductive requirements shall be specified in the existing BS specifications. The conductive requirements for AAS Type 1 and Type 2 will be done by repairing the defects in existing specifications. The radiate requirements shall be specified in a newly created BS specification.
Proposal 4: The AAS type 1, type 2, and type 3 are applicable to Macro, Micro, and Pico AAS BS as well.

The classification of AAS BS types and the applicable requirements are summarized in the table below:

	
	Characteristics of the BS
	Applicable Requirements

	
	Know Antenna
	Integrated
	Vertical Beam forming
	Configurable
	Existing per antenna connector BS requirements
	Conducted requirements per “virtual transceiver” or “equivalent antenna port”
(To be in existing BS specification by repairing the defects in existing specification)
	Radiate requirement characterizing the antenna and transceivers as a whole system (New specification)

	Legacy BS
	No
	No
	No
	Yes
	Yes
	No
	No

	AAS Type 1
	Yes
	No
	Yes
	Yes
	No
	Yes
	Still be desirable

	AAS Type 2
	Yes
	Yes
	No
	Yes
	Yes
	No
	Yes

	AAS Type 3
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	Yes
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