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1 Introduction 
The requirements for Radiated Transmit Power and Its Accuracy (RTPA) shall be correctly and reasonably specified for AAS BS.

There were long debating in the past on “whether or not the radiated requirements are necessary”. This could be a valid question but this question itself can be easily confusing if without further decomposing on the sub-questions behind. This question shall be break down into the following questions:

Question 1): Why to know the Radiated Power performance for AAS BS?

Question 2): What are the issues or difficulties to know the Radiated Power performance for AAS BS?

Question 3): What are the resolutions for those issues identified in Question 2)?

Question 4): For the resolutions identified in question 3), what aspects shall be standardized as 3GPP requirements? 

Question 5): How to verify the requirements?

In the paper we first briefly introduce the existing standards for traditional antenna. Then the 5 questions listed above are discussed. 
In the past, there was proposal to define the specifics of the RTPA requirements by investigating the relevance to cell deployment planning and regulation compliance [7]. This paper proposes different options to specify the requirements for RTPA considering cell deployment planning and regulation compliance [6]. The issues under different options are also identified.

2 Discussion
2.1 Brief introduction of the existing antenna standards for traditional antenna

Antenna standards for traditional antenna have been well used in the industry. The NGMN alliance has developed the “Recommendation on Base Station Antenna Standards” [1] that has been widely used as defacto antenna standards.
The array antenna installed in AAS BS could be different from the traditional antenna. The key difference is: one antenna connector generates one fixed beam for traditional antenna, while for the array antenna installed in AAS BS, a sub-group of antenna connectors are used to generate a beam whose beam directions could be adjusted in either vertical or horizontal direction, or both. The beam directions/shapes are electronically adjusted by the weighting vectors that are usually implemented in the Base Band processing.
For legacy BS with traditional antenna, the BS and the antenna can be characterized separately. Therefore the radiated power performance can be obtained by measuring the conducted power of the BS at the antenna connector, as well as by measuring the antenna radiation pattern. The radiated power performance in certain direction is the conducted power plus the antenna gain in that concerned direction, all expressed in decibel.

Although a Remote Electric Tilt (RET) engine could be installed to mechanically adjust the phase distribution network of the antenna, the radiation pattern of the traditional antenna is fixed under certain phase distribution network. The gain of such a traditional antenna is actually the maximum gain in the main beam direction.

Apparently, some of the requirements in the recommended antenna standards developed by NGMN [1] can not be directly applied to the array antenna installed in AAS BS, for the following two issues: 
· The first key issue is to clarify the antenna connectors that are used to drive the dynamic beam. The “virtual transmitter” concept [4] is the solutions to this issue.
· The second issue is how to test the dynamic beam generated by a “virtual transmitter”. For simplicity, we could consider only to test a typical beam corresponding to all 1’s weighting vectors applied to the virtual transmitter. 

2.2 Why to know the Radiated Power performance for AAS BS.

This question is different from “why to define radiated requirements.” Defining the requirements and knowing the performance are two different things. 
The answer to this question is apparent. The radiated power performance for AAS BS shall be known, otherwise, how could one deploy the AAS BS in the real network without knowing the radiated power of a BS? In certain situations, there are requirements for regulation compliance, for example by FCC in US on the radiated power level. So far it’s still not clear and problematic on how to meet the FCC regulation requirements for AAS BS integrated array antenna. It’s impossible to tell that the regulation compliance is met without knowing the radiated power level. 
2.3 What are the issues to know the radiated power performance of an AAS BS
The radiated requirements are not explicitly specified for legacy BS in existing specification. The key reason is the antenna is not part of the BS, and different antenna could be installed with the BS. The conducted power is sufficient to characterize the transceivers of the BS, and the radiated performance of BS after installation of antenna can be known by measuring the antenna separately. 
Here comes the question for AAS BS: can this approach detailed above for legacy BS be used for AAS BS to obtain the radiated performance? The answer is NO due to the following issues:

Issue 1): Unlike the legacy BS where each antenna connector drives a fixed beam, different beams could be generated by different subset of the antenna elements, where an “equivalent antenna port” could apply. On the transceiver array side, the subset of transmitters driving the “equivalent antenna port” is called a “virtual transmitter” [4]. It’s not clear on the sub-group of the transmitters or antenna ports that would be capable of generating the dynamic beam. 
Issue 2): For some AAS implementations, the antenna array and transceiver can not be measured separately [5]. The radiation pattern of the antenna array could be slightly different after being detached from the transceiver array.  Another question is whether or not the beam steering capabilities shall be measured.
Issue 3): For some AAS implementations, the antenna array and transceiver can be measured separately. In the case, the antenna standards developed by NGMN [1] could be adapted to measure the antenna radiation pattern. The issue is how to apply the weighting vector to the antenna ports determined by resolution of issue 1)? 

Issue 4): Which beam shall be used to represent the typical radiation pattern?
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Figure 1: Illustration of the 4 issues
It’s clear that the approach employed for legacy BS installed with traditional antenna can NOT be adopted by AAS BS to know the radiated power performance. 
2.4 What are resolutions to the issues identified in section 2.3?
To obtain the radiated power performance for AAS BS, the issues identified in section 2.3 shall be resolved:

For issue 1): A method to organize the transmitters as different “virtual transmitters” shall be defined. The antenna elements corresponding to the “virtual transmitter” are grouped as an “equivalent antenna port”. 

Cell coverage is actually determined by the coverage of common control signals [3]. A candidate definition for “virtual transmitters” can be defined as: A group of transmitters that transmit the cell specific control signals by pre-determined radiation pattern that determines the cell coverage.

For issue 2): The resolution is the beam pattern generated by the antenna array has to be measured together with transceiver array. Measurement of the radiation pattern when beam steering is applied is feasible when the AAS BS is measured as an integrated system.
For issue 3): Beam forming capabilities are usually not covered in the recommended standard [1] for traditional antenna pattern measurement. In order to measure the radiation pattern of an array antenna with beam steering capabilities considered, the beam forming process by adjusting the phase of the external CW sources shall be emulated. Amplitude tapping would be impossible to be tested for this case. These aspects are not covered in [1]. 
However, it should be realized that emulating the beam steering capabilities are not available in tradition antenna facilities.
For issue 4): As far as the “equivalent antenna port” corresponding to the “virtual transmitter” [4] is defined for the array antenna, a simple way to adapt standard [1] for the array antenna is to apply all 1’s weighting vector to physical ports, which is equivalent to combine all physical ports as the virtual equivalent port. 
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Figure 2: Measurement of the typical beam pattern of an array antenna
2.5 For the resolutions identified in 2.3, what aspects shall be specified as 3GPP requirements? 
In section 2.4 we discussed how to obtain the radiated power performance of an AAS BS. In the section we discuss the potential requirements that could be specified in 3GPP specifications. 

The definition of “virtual transmitter” and “equivalent antenna port” as well as the manufacturer declaration has to be specified in 3GPP specifications. Otherwise, the supported beams will be agnostic and it’s difficult to adapt the existing antenna standards [1] to measure antenna radiation performance. Furthermore, the virtual transmitter is an indication of the MIMO capabilities of the AAS BS. 
Requirements for certain EIRP values shall be specified for cell deployment planning and regulation compliance:

In section 2.3, the measurement of the radiation pattern was discussed and proposed. However, radiation pattern is intuitively a curve with certain “shape”. It would be very complicated and difficult to specify the requirements on the “shape” of the radiation pattern. The measurement will be very time consuming, and the performance would be much different depending on different implementation and design philosophy, and a requirement would be impossible.
However, the feasible way is to specify requirements on the maximum EIRP value of each virtual transmitter. The maximum EIRP indicates the capabilities of the virtual transmitter to radiate certain level of power within certain accuracy range. 

It’s not suggested to specify requirements on the shape of the radiation pattern. Of course the radiation pattern when the maximum EIPR value is reached shall be measured. The max EIRP and the corresponding radiation pattern can be used for cell planning.

In terms of regulation compliance, the max EIPR values of all the virtual transmitters definitely offer the sufficient information to regulation compliance that might be expressed in variant formats. 

One key issue that can be further discussed is the beam steering capabilities. Beam steering can be tested when the transceiver array and the antenna array are tested as an integrated system. However, beam steering could be difficult to tested if the antenna array is measured separately using the traditional antenna testing facilities although it could be possible. There are two options

Option 1: Not specifying the max EIPR requirements for beam steering. Only the max EIPR at the bore sight with zero tilting in both vertical and horizontal are specified. In this case, the same requirements can be specified for all the AAS BS types (AAS type 1, 2, and 3)
Option 2: Specifying the max EIPR requirements for beam steering for AAS BS where the antenna array and transceiver array have to be measure as an integrated system (AAS 2 and 3). For AAS BS where the radiation pattern of the antenna array is measured separately (AAS type 1) as illustrated in Figure 2, the beam steering is not considered for max EIPR requirements.

2.6 How to verify the requirements? 
Verification of the requirements can be different for different AAS types:
For AAS type 2 and type 3: Configure each of the virtual transmitters to transmit a CW signal in the declared directions and verify whether the declared max EIRP is reached and maintained in certain accuracy range.
For AAS type 1: Two-step approach can be used:

· Step 1 is to measure the radiation pattern at the equivalent antenna port using the method as illustrated in Figure 2. 
· Step 2 is to measure conducted power of the virtual transmitter at the equivalent antenna port. The EIRP performance is the conducted output power+ the maximum gain.
3 Conclusions and proposals

In the paper, we rise up the attention to the existing standards for BS antenna [1]. 

Proposal 1): Some of the requirements will continue to be applicable to the array antenna installed in AAS BS, and we propose not to specify the traditional antenna requirements in 3GPP specifications. 

Proposal 2): However, the “virtual transmitter” and “equivalent” antenna port shall be defined so that the requirement in [1] can be used for measurement of array antenna. A candidate definition for “virtual transmitters” can be defined as: A group of transmitters that transmit the cell specific control signals by pre-determined radiation pattern that determines the cell coverage.

Proposal 3): Specify the requirements on the maximum EIRP value of each virtual transmitter. However, it’s not suggested to specify requirements on the shape of the radiation pattern. Of course the radiation pattern when the maximum EIPR value is reached shall be measured.

Proposal 4): Two options to specify the requirements

Option 1: Not specifying the max EIPR requirements for beam steering. In this case, the same requirements can be specified for all the AAS BS types (AAS type 1, 2, and 3)

Option 2: Specifying the max EIPR requirements for beam steering for AAS BS where the antenna array and transceiver array have to be measure as an integrated system (AAS 2 and 3). For AAS BS where the radiation pattern of the antenna array is measured separately (AAS type 1) as illustrated in Figure 2, the beam steering is not considered for max EIPR requirements.

Proposal 5): Verification of the requirements can be different for different AAS types:

For AAS type 2 and type 3: Configure each of the virtual transmitters to transmit a CW signal in the declared directions and verify whether the declared max EIRP is reached and maintained in certain accuracy range.

For AAS type 1: Two-step approach can be used:

· Step 1 is to measure the radiation pattern at the equivalent antenna port using the method as illustrated in Figure 2. 
· Step 2 is to measure conducted power of the virtual transmitter at the equivalent antenna port. The EIRP performance is the conducted output power+ the maximum gain.
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Issue 4): What happens if the beam pattern would be slightly different after being detached from the transceiver array





Issue 2): What are the weighting vectors associated with the beam? 





Issue 1): Which sub group of the antenna connectors are used to drive the beam? 
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Issue 3): Which beam shall be used as the typical radiation pattern for the antenna array system?
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