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Introduction
In this contribution we discuss how power requirements may be applied for AAS. 
Current power requirements

In the current set of specifications there are a number of requirements that are related to the output power of the BS:

- 
Output power requirements


The one that is most obvious is the maximum output power requirements. The reason this requirement is to check that the BS can actually deliver the output power that has been declared by the manufacturer. The requirement itself is that the output power of the BS should be what has been declared by the manufacturer. One obvious precondition for the requirement is that the BS has been configured to deliver the maximum output power, but this is so obvious that it is hidden in the “in a specified reference condition” sentence. The requirement is tested by configuring the BS to deliver the maximum output power and then measure what actually comes out.


A very similar requirement is that the output power should be less than some value when the BS is not transmitting. In one sence this is very similar to the maximum power requirement, but the BS is “configured” to be OFF instead of transmitting at the maximum power.

-
Rated power requirements.


There are a few requirements on the rated power of the BS. This requirement is not directly related to what the BS actually does in practice. Instead it is a requirement on what is allowed to be declared by the manufacturer. Here we have requirements on medium range and local area BS, e.g. rated power should not exceed a valued, or regional requirements. I.e. the rated power should be below a certain value in certain regions.

-
Accuracy requirements.


Some of the power requirements are requirements on the accuracy for the output power. The requirement is that the output power should be close to the value indicated on the common channel. The test is basically a matter of configuring the BS to transmit a certain value on the common channel (and presumably also set the output power accordingly) and then measure the power that the BS outputs. The requirements here are the CPICH accuracy for UTRA and RS accuracy requirements for LTE.

-
Transient time requirements

There are requirements on the maximum time between power changes. This requirement is on how long the switching from ON to OFF or vice versa is allowed to take. It is formulated two output power requirements, one requirement before the transition and one requirement after the transition. In addition there is a requirement on the maximum time during which none of these two requirements are necessary to meet. We can see here that this is essentially two requirements of the first type listed in this paragraph and an additional time requirement.
-
Power dynamics


This class of requirements is the power control dynamics in UTRA and power dynamics requirements in LTE. The purpose of these requirements is twofold. First to ensure that BS can change output power at all and secondly that the quality of the transmitted signal is maintained even if the output power is changed. The unique property of this class of requirements is that the requirement is not only placed on the level of the output but there is also a requirement on the quality of the output signal 
Definitions
It is clear that AAS needs a definition of the output power in order to make similar requirements to the already existing requirements. 
As an initial possibility we suggest that the output power of the AAS is the sum of all power radiated from the AAS in all directions. We could also limit the directions that we sum over to the directions around the antenna that are “useful”, i.e. where we expect to find users, but this will vary with application and to keep things simple we simply sum all power radiated by the AAS.
One benefit with this approach is that we do not have to consider antenna pattern or distance from the AAS when measuring. If the definition had been based on some kind of EIRP instead these factors would have to been considered.

There is one difference with this definition compared to the current way of defining the output power. Using the definition abouve the output power will be the sum of the output from all MIMO branches. This will have some impact on the requirements on rated power requirements where the levels may need to be adjusted, but the change should be relatively straight forward.

It is possible to envision that the output power is defined as the power generated by parts of the array in case one wants to mimic the output power definition currently in use. However since the output power is to a certain extent a shared resource that can be shifted around in the array it is very difficult to place any useful requirements on parts of the array.
We note that antenna inefficiencies gets included in the power definition. In the current specification the power is measured at the antenna connector. With the suggested definition the output power will include effects of losses in feeders and radiators. From a practical point there will be no difference compared to the situation today, but the actual numbers on the spec sheet will be somewhat different.
For accuracy and dynamic requirements the requirements today are put on a single carrier. To be able to create the same requirements for AAS it becomes necessary to define the output power for a single carrier. Fortunately it is easy to complement the total output power definition by a per carrier definition which is simply is the sum of power radiated in all direction in a certain frequency range. 

Requirements

When we have defined the output power it is straight forward to translate most of the current requirements listed above to be used together with AAS.
But we note that the dynamics requirements include the signal quality as one component. This means that the quality requirements for AAS must be defined before these requirements can be translated to AAS dynamics requirements. However if we assume that we actually have the quality requirement in place translating these requirements should be straight forward.

One question we have not touched so far is if there are any missing requirements. It is a bit difficult to know if we need more requirements now, but it should not be ruled out. One candidate for a missing requirement is some kind of antenna pattern requirement, e.g. the front to back ratio defined for antennas used today may also be necessary to define for AAS, another possible requirement is maximum EIRP. If there are missing requirements are FFS and needs to be addressed in an upcoming WI.

Declarations

In the MSR work there were many discussions around how the power could be distributed between carriers and RATs. For MSR there are restrictions in how the BS power can be configured, or more correctly the manufacturer can declare that the power of the BS may not be distributed arbitrarily, for example the full output power may not be possible to allocate to a single carrier or a single RAT.

There may be a very large number of ways that the AAS can be configured and the full output power may not be possible to configure in all situations. In addition to all the declarations for MSR it may be so that the full power cannot be allocated to a single beam, a single MIMO branch or it may be so that the full power cannot be achieved in for all angles of the main beam.

It is very easy to add parameters to the declarations in order to ensure that the operating envelope of the AAS is as large as possible, i.e. that as high power levels as possible are available in many (all) configurations. But additional parameters will also introduce a lot of complexity when writing the test specification and also when performing the tests. It is important to trade off the declaration complexity with how well the operation envelope can be specified. This is an issue that should be thoroughly studied in an upcoming WI.
Testing
One obvious way of ensuring that the AAS complies with the requirements is to use OTA tests and measure the complete sphere around the antenna. This will work for the all the requirements that are based on power level only. For the requirements that include quality it is necessary to determine how the quality is measured first.
Mapping the requirement to individual antenna connectors is also reasonably straight forward for the power requirements. The measurement is done on all antenna connectors and the power at each antenna connector is added to obtain the final value.
For this method it is possible that a correction factor has to be added to compensate for the losses in the radiators and mutual coupling between the antenna elements. How this is done is FFS.

Summary
In this contribution we discussed the following points:

-
The current power related requirements can be grouped into 5 categories where one category includes signal quality as a component of the requirement.

-
We suggest that the AAS output power is defined as the total power radiating from the AAS. The requirements are made using this definition.
-
The requirement is tested by either measuring the total power emitted from the AAS over the air or measured at individual antenna connectors and measurements are summed to obtain the final result, possibly with a correction factor added.

-
Signal quality for AAS needs to be defined for the last category of power requirements.

-
There may be requirements that are unique for AAS and this category of requirements should not be precluded.

There are a few issues that need to be addressed in an upcoming WI:

-
Determining if there are new categories of requirements that need to be added, for example directivity requirements.

-
The complexity of declarations and tests needs to be taded off with the possibility to define a large operating envelope of the AAS BS. This is a large area that needs to be extensively studied.

-
Couping between and losses in the antenna elements need to be studied and the impact on testing.

