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Discussions
1 Introduction 
In [1], the various considerations for requirements reference points and testing connection for Active Array System (AAS) was presented and an antenna connector based approach was proposed to be the working assumptions in the RF requirements and test methodology study for AAS. 

In addition, different specification options have been presented on testing methodologies of AAS-type base stations in [2]. Some options are cumbersome and expensive, such as over-the-air testing and the use of a custom test-hood. Other options, such as testing at each antenna element connector, seem simple, but require cumbersome calculations with too many arguable assumptions.  
In this contribution, we would like to propose a combiner based approach reusing a similar methodology that is currently specified in TS 36.141. 
2 Discussions

Various options have been discussed in [2]. Option 3, as described in [2], is based on the use of an MxN:1 passive combiner and can have the following characteristics:

· A passive combiner network which combines the AAS antenna element connectors to a single Tx, Rx, or Dx (combined Tx/Rx) connector port.

· The combiner could be designed to include gain and phase offset taps to emulate the intended tapering and beam steering for the AAS element array. However, if the amplitude tapering and phase offsets are set in baseband, then in this case, we have a set of antenna connectors connected to a baseband active weighted combiner
The second approach above is therefore of much greater complexity and most likely require much more understanding on how each vendor implement its AAS. The first approach is significantly less complex but requires a larger degree of simplifying assumptions in the test methodology.
With the reference radio architecture proposed in [1], to ensure capturing signals where the radiation pattern is best represented, it is proposed that the tests are performed from each radiator feeding point or a combination of them equivalent to main beam direction through an MxN:1 combiner/splitter at each antenna array. It is thus a straightforward approach with the added simplicity that the combiner output can be treated identically to the conventional base station output connector as described in Section 4.5.7 of TS 36.141. Figures 1, 2, and 3 show the three possibilities for connecting to this passive combiner.
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Figure 1: M x N Combiner: Transmit Output Connector
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Figure 2: M x N Combiner: Receive Input Connector
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Figure 3: M x N Combiner: Duplex Input/Output Connector

The antenna element connectors for the N column arrays, each with M elements, are combined together through a standard combiner, such as a Wilkinson-type combiner. In the case of diversity or spatial multiplexing technique, Figure 4 illustrates an example of how this approach is adapted.
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Figure 4: M x N Combiner: Duplex Input/Output Connectors (2-way Diversity)

The following assumptions are applicable:

1. A Passive combiner approach is adopted;

2. M and N are vendor product specific and is matched to the product array size under test. Combiner loss must be calibrated out and there may be other scale factors to be taken into account depending on the type of test being performed and whether or not gain and phase offset taps are included in the passive combiner.

3. It is intended that the AAS-specific RF minimum performance requirements will be independent of the size of the antenna array (M or N values).
4. It is proposed that the active antenna array is tested at boresight direction where the combining will be at zero-degree relative phase shift between all element paths in the array. This would be the ideal setup but in scenarios or implementations where it is not convenient or possible to set the AAS into boresight direction, alternatives would be to: 
a. allow the use of phase shifters as part of the test tool, as practiced in other standards body on similar certifications scenarios, or 
b. accept the fact that signals are not combined perfectly in phase in the boresight direction. The antenna is configured in such a way that all signals have, as much as possible, similar phases. There is a combining loss that is then documented in the test report. 
5. Amplitude tapering is set as intended for AAS product use. 
It has also been extensively discussed that each receiver input has a greater susceptibility to interference due to the relatively wide beamwidth of each individual element. The combiner approach can still capture this spatial characteristic since there will be some tests where the minimum requirement will need to be modified for AAS base station testing.  Identifying the tests that will require minimum requirement modification and gaining consensus among the vendor community is where the crux of the work will lie for this exercise.
3 Summary

In this contribution, a combiner based approach has been proposed and the possible next steps are:

· Agree on one test methodology as working assumption. In this contribution, we have proposed and provided details on a passive combiner test approach;

· Discuss and agree on which tests in TS36.141 that need modifications (e.g. Receiver Blocking [3]) and what the new recommended minimum requirement will be for each. Preliminary list of affected tests are provided has been provided in [4]. 
· Further discussions needed as well on the fact that it may result in two different sets of RF requirements: BS without AAS and a different requirement for BS with AAS.
· Discuss on a typical deployment scenario to facilitate the simulation studies for evaluating the RF requirements.
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