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1 Introduction 
In RAN#53, a study item for RF requirement for Base Station Systems with active antenna array system was approved. In this contribution we discuss our view on the different standardization options for BS with active antenna array system.
2 Active Antenna Array System (AAS)
Currently, TS36.141 describes the Receiver and Transmitter tests for BS using Antenna Array in Section 4.5.7 where splitter and combiner network are used in the testing methodology, respectively. In passive antenna array tests, the entire cable, feeder and antenna array system is considered passive, linear, constant gain across the band of interest (in-band), and in some cases, coherent (for IMD and noise considerations). The system is considered fully coherent for transmitter and receiver functions where a single amplifier per path is used. 

In the active receiver case, the N-way corporate feed of the antenna array (combiner) is replaced by N active stages (N individual LNAs for the receiver). Although it is tempting to divide down all the above power levels down by a factor of N to stimulate each individual element, this does not adequately represent the operation of the N-way active array for the following reasons:

· the active array may not be using an equal weighted beam pattern. Tapering of the end elements may be used to help lower side lobe levels, so a simple N-way division ratio may not adequately model the effective power combining;

· not all of the phase coherence criteria of the passive array are the same, and in many cases noise and  intermediation products may not combine in phase coherently across the array. It would be overly strict to treat an active array as if each element’s noise and inter-modulation products effectively summed coherently in the far field;

· for blocking specifications, the multiple LNAs in the active array effectively give up their spatial selectivity, as the N individual LNAs experience the wider antenna element pattern, not the pattern of the summation of all N elements. 

As a result, the test requirements as currently specified in TS36.141 may result in erroneous requirements which need to be re-evaluated. However, the amount of specifications effort needed and to ensure that vendor implementation choice of AAS remains transparent. In other words, the definition of the AAS must not preclude any specific active architecture and algorithms. Interferers and blockers can have different level of effects depending on performance and architecture of the AAS implementation. In the next section, we list some of the possible standardization options that could be considered for further study in RAN4.

3 Specification Options

Several options that could be employed to effectively test Base Stations which employ an AAS are given in this section. We provide the advantages and disadvantages of each of the listed option. 
1. Over-the-Air (OTA) Testing
Over the Air testing has been adopted in RAN4 in ongoing WI such as in [2] as well as recently approved WI in [3]. However, it has the following challenges:

a. Most difficult to implement – requires calibrated test range and spatial testing. Use of an antenna test chamber is most probably precluded by the size of the AAS array and the need to test the resultant pattern in the antenna system’s far field: this would result in an anechoic chamber of too large a size to be practical for most laboratories.
b. Most accurate - properly includes AAS antenna gain and far-field pattern effects.

c. Most generic in that the methods and procedures are identical for any AAS system tested, and no prior assumptions specific to the vendor’s design are required.

2. RF Test Hood (or RF Test Hat)
Testing using a RF Test Hat is shown in Figure 1. The goal of the test hat is to provide a single test connection to the receiver or transmitter system.  The test hat consists of a matching MxN coupling array, such that each radiating element of the MxN AAS system is coupled to a corresponding element in the test hat.  The test hat also contains the appropriate MxN:1 combiner, with the appropriate magnitude tapering and phase offsets to combine (or divide) all the signals into (from) one test connector port.  
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Figure 1.  RF Antenna Test Hat
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The AAS system itself might be deigned with some features (alignment pins, threaded holes, brackets, alignment slots) to facilitate the alignment and mounting of the test hat to the AAS under test. Ideally, the test hat couples 100% (there may be a calibration factor) to capture all the radiated energy. The AAS under test would be set for a specific pattern (downtilt, pointing direction off of boresight, beam taper) to correspond to the weightings of the fixed test hat. Thus the test hat is used for a single measurement – ie: it corresponds to one single direction off of the AAS array, in order to confirm overall performance without testing every incidence angle.) 

a. Also difficult to implement – requires custom close field array passive coupler device designed specifically to be placed over the AAS radome.

b. Converts the array output to a single Tx/Rx connector port, analogous to the base station Tx/Rx antenna EAC connector port.

c. Requires the vendor to supply the test hat appropriate for the specific AAS array implementation.  The antenna can then also only be tested for one effective direction (one taper and one set of phase weights, most probably at bore sight.)
d. Vendor Specific:  The vendor would supply the test hat (to correspond to the MxN implementation, the settings (downtilt, angle, taper) and the mechanical radome configuration).  Thus the system testers need not consider the specifics of the AAS implementation nor make any application specific calculations or connections other than deploying the test hat itself.  The test hat, obviously, is therefore implementation specific, but it eliminates the need for a test range or an anechoic testing chamber.

3. MxN:1 Passive Combiner for Multi-Column Array (M columns,  N:1 Passive Combiner for Single-Column Array with N elements per column)
The use of a MxN:1 passive combiner is as shown in Figure 2. 

a. A passive combiner network which combines the AAS antenna element connectors to a single Tx/Rx connector port.

b. Could be designed to include gain and phase offset taps to emulate the intended tapering and beam steering for the AAS element array, although this would greatly complicate matters and require prior assumptions about the vendors design implementation.
c. Aside from calibrating out the loss of the combiner, 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.

d. Requires the vendor to prior define M, N, tapering and phasing in order to implement the MxN:1 combiner. Furthermore, it would limit testing to one effective direction.  This also requires the system testers to make the appropriate connections and settings.
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4. Single Element Testing and Extrapolation

In this option, single element of the AAS is connectorized and all Tx/Rx tests are performed on a per-path basis. An example of how this can be accomplished is illustrated in Table 1.
a. Test results for the entire AAS are extrapolated from the single path test with test-specific calculations which will need to be determined.  Certain assumptions regarding coherent vs. non-coherent combining of certain types of signals, uniformity of gain across the array elements, etc., must be assumed when using this method, which may be specific to the intended use of the array (e.g., beam forming, beam steering, down tilt, beam tapering, etc.).
b. Is the most practical and the least complicated to implement, but relies heavily on assumptions within the calculation.  In order to simplify these assumptions, some base assumptions might be made for all possible AAS implementations in order to avoid many implementation specific parameters.  This simplification would in effect be a worst case set of assumptions and may be overly stringent for some design implementations.

c. For some tests, the minimum requirement may be different than the existing 3GPP minimum requirement specification (e.g., transmitter emissions, receiver blocking).
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(W) (dBm) (dB) (dB) (dB) (dB) (dB) (dB) (dBi) (W) (W) (dBm)

factor cable gain (peak) (avg)

EIRP EIRP gain loss BPF or element power power power

peak peak AAS taper factor gain antenna element PA stage PA stage PA stage

AAS AAS net array loss AAS

N 

squared N

N 

squared N individual antenna Size Required AAS

Table 1: AAS EIRP example calculation


4 Conclusions

In view of the above consideration of the different options listed, we propose the following general guidance for further considerations as RAN4 proceed to study the testing methodology feasibility for AAS:

· Testing should be as simple and straightforward as possible. The main and possible standardization impact in RAN4 (relevant receiver and transmitter tests) should be identified. Alternatives with least standardization impact should be favored.

· Single path tests are preferred wherever possible and the use of the MxN:1 passive combiner is recommended only when extrapolation would be unpredictable (e.g., transmitter emissions, EVM).

· Agree on relevant scenarios as well as the definition of an Active antenna array.
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