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 Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The contributions on AAS conformance test aspects were submitted from RAN4#68 (August 2013) in Barcelona for the first time, and discussions continued in RAN4#68bis (Oct 2013) in Riga. 
In RAN4#69 (Nov 2013) in San Francisco, contributions on the AAS conformance test aspects were submitted, as shown below, but there was not enough meeting time to handle/discuss all those contributions. Only selected few were presented. As a result, there was little progress on this topic. Since RAN4#70 meeting (Prague, February 2014), no RAN4 meeting time was available to discuss AAS test methodology. The same situation was for RAN4#70bis (April 2014) in Mexico, except contributon in [4] on the AAS conformance testing aspects.  
In RAN4#71 (May 2014) in Seoul, a near-field OTA test methodology was presented in [8]. No further discussions took place up to RAN4#73. 
With AAS WI postponed to Release-13, this contribution intended to kick-start again the work on the AAS conformance testing, specifically, more details for the Combined Close Field Coupling and Over-the-Air (OTA) test method (i.e. hybrid test method) were provided.  
Discussion
Section 2.1 briefly introduces the principles of AAS conformance test. Section 2.2 describes the AAS hybrid test method.  
Brief Introduction
In BS conformance testing, the relationship between minimum requirement, test requirement, test tolerance, test method/measurement setup and maximum uncertainty can be depicted below [4]:
[image: ]
Figure 1: Relation between minimum requirement and test requirement [4]
AAS BS should strive to adopt the conformance test principles used by the legacy BS, with the obvious reasons as follows: 
· A lot of AAS conducted RF requirements are directly adopted from legacy BS core requirements 
· Avoid too much divergence from legacy BS specifications, 
· Reduced standardisation efforts and,
· Easy to maintain the specification later on. 
Therefore, the BS test specification (TS xx.141 (FDD)/142 (TDD)) structure is quite similar to the BS core specification (TS xx.104/105 (TDD)), to ensure consistency between core and conformance specification. In Figure 1, once the test requirement has been formulated, a test case is generated to outline the practical measurement steps in order to obtain the test results. The choice of measurement set-up (Method 1, 2, 3 …) will depend on the test requirement, as indicated by the red-arrow in Figure 1. The final test results should also include the measurement uncertainty resulted from the test system/equipment, which is normally declared by the test equipment vendors. The test results incorporating test uncertainty will be used to determine the pass/fail criteria, under the shared-risk principle, with the relationship defined as 
Test Requirement = minimum requirement (core) + test tolerance (TT)
In the BS test specification (TS xx.141 (FDD)/142 (TDD)), the measurement setup is specified in the Annex part as informative clause. So, the same approach can be used for AAS BS for the reasons mentioned above. Therefore, the AAS measurement setup(s) can also be specified as informative clause, for the case with access to antenna connector(s) and without accessibility of antenna connector(s), also mentioned in [3]. Therefore, we propose that 
Proposal 1: AAS conformance test specification should adopt the same principles as legacy BS test specification
In addition, legacy BS testing follows a standard format when generating the test case. This standard format is extracted here for convenience:
X	Title
All tests are applicable to all equipment within the scope of the present document, unless otherwise stated.
X.1	Definition and applicability
This subclause gives the general definition of the parameter under consideration and specifies whether the test is applicable to all equipment or only to a certain subset. Required manufacturer declarations may be included here.
X.2	Minimum Requirement
This subclause contains the reference to the subclause to the 3GPP reference (or core) specification that defines the Minimum Requirement.
X.3	Test Purpose
This subclause defines the purpose of the test.
X.4	Method of test
X.4.1	Initial conditions
This subclause defines the initial conditions for each test, including the test environment, the RF channels to be tested and the basic measurement set-up.
X.4.2	Procedure
This subclause describes the steps necessary to perform the test and provides further details of the test definition like point of access (e.g. test port), domain (e.g. frequency-span), range, weighting (e.g. bandwidth), and algorithms (e.g. averaging).
X.5	Test Requirement
This subclause defines the pass/fail criteria for the equipment under test. How to interpret the test results should be clarified also in a separate subclause.
By analysing the test case format above, it can be observed that most of the procedure can be reused for AAS conformance test purpose, except X.4 – Method of test. AAS conformance testing would require different test methods/measurement setups due to the following reasons:
· AAS BS has different radio architecture compared to the legacy BS. 
· AAS conducted RF core requirements are defined at slightly different reference point (i.e. transceiver boundary point(s)).     
Therefore, the work to specify AAS test method(s)/measurement setup(s) should be the main objective of the AAS performance part WI in [7]. A lot of studies had been done in the AAS SI phase, as documented in [3]. Therefore, outcomes of those studies should be reused. Hence, we propose that
Proposal 2: Outcomes from the AAS SI phase should be reused when specifying the AAS test methods.
AAS combined close-field coupling and OTA test method
Background 
In [3], several AAS test methods have been studied and documented. Each test method/methodology has its advantages and disadvantages. Here we focus on one of the test methods in [3]: Combined Close Field Coupling and Over-the-Air Test Method, which we called Hybrid Test Method for short. 
One obvious challenge of AAS testing is that the degree of integration between the antenna system and RF transceiver module will differ from vendor to vendor. AAS BS may not always have antenna connectors available to perform conventional conformance testing (i.e. using conducted-type conformance testing). Hence, by using the hybrid test method, the following issues can be addressed:
· Test can destroy the integration of antenna system and RF transceiver structure of the AAS BS, increasing the complexity of AAS BS design and introducing unnecessary combiner losses,
· Different vendors may use different coupling devices and parameters, which renders standardised and unified testing and certification difficult,
· A large number of components (couplers, connectors, equipment) is needed for certification and testing
In the subsequent sections, we show that it is feasible to use the hybrid test method to validate the AAS test requirements, whether it is OTA or conducted test requirements.  
[bookmark: _Toc379599280]Principles 
The essence of hybrid test method is that AAS BS can be tested as a whole unit, without the need of external antenna connectors. This avoids disturbing integration of antenna system and RF transceiver structure of the AAS BS. Tighter system integration can be achieved without the provision of external antenna connectors, external coupling devices and combiners. 
Another essence of the test method is to use calibration to ensure accurate test results, inline with what the existing conformance testing, where influence of components used in the test method can be minimised. 
Another essence of the test method is to separate measurement process into OTA and close-field coupling processes, depending on whether OTA test requirements or conducted test requirements are measured. OTA measurement process is in principle what has been available in exisiting test houses, as we shall demonstrate below. 
Test method description
As the name suggests, the test methodology consists of two parts: In the first part, antenna performance and/or OTA RF requirements are obtained by OTA measurement in an anechoic chamber. In the second part, close-field coupling test is employed to verify the conducted RF requirements. 
Part 1: AAS OTA and spatial characteristics test 
AAS spatial characteristics testing is to validate the AAS spatial parameters such as AAS beam(s) accuracy, beam synthesis gain, antenna pattern, half-power beamwidth, front-to-back ratio, cross-polarisation ratio, sidelobe level and down-tilt angle. For AAS spatial characteristics testing, an anechoic chamber can be used, where the setup can be similar to the traditional antenna measurement environments, as illustrated in Figure 2. For testing of relative measurement parameters (e.g. beam gain, beamwidth, sidelobe level), there is no need to perform chamber calibration.  


Figure 2: Example setup of AAS spatial parameter measurement using Anechoic Chamber
From Figure 2, the anechoic chamber can also be used to verify OTA RF requirements such as EIRP and EIRS. In this case, the chamber needs to be calibrated first. 
Note: RCS software is vendor-specific control software to control the turntables, measurement and equipment. 
Part 2: AAS conducted RF requirements testing
To perform conducted requirements testing, a RF test fixture or test-hat is used, as shown in Figure 3 below. Figure 3 shows the RF test-hat that connects to the AAS BS. The 3D view of the test-hat is also shown in Figure 3.  
[image: ]
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Figure 3: RF test fixtures [3], lateral and 3D view
The RF test fixture in Figure 3 consists of the following components:
1. Antenna array, which consists of a series of antenna elements. The structure and configuration of antenna array should be identical to the AAS antenna array under test. 
2. Passive RF distribution splitter/combiner and a passive probe array. The splitter/combiner conducts the RF signal to individual probe ports (i.e. RF connectors) and combines the RF signal from each individual probe port. The number of probes in the test fixture is not necessarily equal to the number of radiators in the AAS
3. Support structure to accurately align to the AAS enclosure to ensure repeatable measurements with required accuracy
4. RF absorber material to reduce interference inside the fixture and to provide the required RF shielding. 
Any RF test fixtures/enclosures can be used as long as the above components are present. Customised RF test fixture can be used for certain specific AAS configuration. However, generalised RF test fixture structure can also be used with the test method. In principle, the same RF test-hat can be used for different frequency bands, but separate calibration is needed for each frequency band. 
In order to prepare for the RF requirement measurements, the test-hat system needs to be calibrated. The calibration steps are given below:
[bookmark: _Toc379599281]Calibration Procedure
As mentioned, calibration of RF test fixture will be needed if the method is used to perform measurement of absolute values for the AAS BS requirements. 
Step 1: RF Test-fixture calibration
From basic structure of RF test fixture (right hand side diagram) in Figure 4, the detailed internal structure illustration of RF test fixture is shown in Figure 3. Boundary A consists of M-row of RF connectors. Boundary B denotes the connector ports that connecto to the antenna elements. Boundary B also connects to Boundary A via a set of RF cables. 





Figure 4: RF test fixture calibration setup

The calibration step therefore consists of measurement of a group of S-parameters between Boundary A’s individual connector port and Boundary B’s connector. Boundary A’s RF connectors are connected to the measurement equipment in order to perform S-parameter measurement. The S-parameter is defined as    for each branch, where n = 0, 1...N; m = 0, 1... M, for AAS with NxM antenna array. Therefore,  represents the RF path loss between Boundary A and B’s branch and. 
The measured values of   will be used to construct the gain table in Step 2. 

Step 2: Close-field calibration 
In this calibration step, the main objective is to map the internal RF fixture connector(s) to the external connector port(s). Two RF test fixtures (presumably identical) are attached together via the metal bracket mounting as shown in Figure 5.  


Figure 5: Closed-field RF test fixture calibration setup
In Figure 5, the measurement equipment is connected to Boundary A to build up the near-field propagation environment from the two RF test fixtures. With the rigid mounting metal bracket, the location and distance between boundaries will be fixed. 
Note that both RF test fixtures should have been calibrated (with their S-parameter values obtained) in Step 1. 
The network analyser is then used to measure S-parameters between Boundary A’ and A (i.e. the RF pathloss between each branch connector between Boundary A’ and A). These S-parameters is denoted as . 
Based on the obtained S-parameter values  from Step 1 and  from Step 2, a gain table (i.e. values) can be constructed as expressed below:

The gain table will be used during the AAS RF requirement testing later on.
As mentioned, the anechoic chamber needs to be calibrated before conducting the normal OTA requirement testing. Figure 5 illustrates the OTA environment calibration inside the anechoic chamber.


Figure 6: OTA environment calibration setup
Similar to any typical anechoic chamber calibration, the purpose of OTA environment calibration in this case is to quantify the components used in the chamber, i.e. gain/loss of the RF components. The calibration procedure can be divided into the following steps:
The calibration procedure:
Step 1: Adjust the turntable to align the transmit horn (with gain, Gh) and the measuring horn (labelled as standard horn in Figure 5). 
Step 2: Setup the Signal Genarator and transmits the CW signal (with output power, Py). The measuring horn antenna would measure the transmit signal, in which the received signal power can be measured via a power meter. Hence, the received power is Px.  Based on the setup and measurements, the following relationship can be established as follows:
Py - Px = Lx + (Ly - Gh + Ls) - Gs                                                        （1）
where
		Gs is the measuring Horn antenna gain (known)
		Ly is the RF cable y loss (unknown)
		Lx is the RF cable x loss (known via measurement)
		Ls is the free space pathloss (unknown)

Step 3: Calculate ΔPc. Equation (1) can be rearranged to obtain equation (2), with ΔPc defined as

                               ΔPc = (Ly - Gh + Ls) = Py - Px - Lx + Gs                                         （2）

Hence, ΔPc is the reference value of the test items (RF cable y, transmit horn antenna, free-space pathloss) inside the chamber. ΔPc is then used in the OTA measurements.   
AAS OTA requirements testing examples
Based on the principles of hybrid test method, the OTA measurement of EIRP and EIRS can be performed inside an anechoic chamber. This is illustrated in Figure 7. 


Figure 7: EIRP and EIRS measurement setup
For EIRP measurement based on the setup in Figure 6, we can obtain the following relationship:
EIRP = Pt + Gt = Pg + (Ly – Gh + Ls) = Pg +ΔPc                                
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]where
Pt is output power of AAS
  Gt is the transmit antenna gain of AAS 
Pg is the value of Power meter.

For EIRS measurement based on the setup in Figure 6, we can also obtain the following relationship:
EIRS = Rs – Gr = Ps – (Ly – Gh + Ls) = Ps –ΔPc
where
Rs is the minimum received power level of AAS (current specification dictates FER of 1%)
Gr is the receive antenna gain of AAS
Ps is the power value of signal generator

Based on the above examples, it can be shown that the proposed hybrid method can effectively measure AAS OTA requirements (EIRP and EIRS), and fully compatible with the current industry-wide anechoic chamber based measurement techniques.  
 AAS conductive requirements testing example
This section provides an example of how the hybrid method can be used to perform AAS conductive requirements measurement. Once RF test fixture calibration has been completed, the DUT (i.e. AAS RRU) is then coupled to test fixture as shown in Figure 8. The setup in Figure 8 also highlights the non-destructive and non-intrusive nature of the testing approach. This is important consideration given the large number of antenna and the need to achieve stable AAS performance. The left hand side of diagram shows the AAS BS and the right hand side of diagram shows the RF test fixture. The RF test fixture is mounted to the AAS BS (i.e. RRU unit) via the rigid metal brackets. 


Figure 8: AAS conductive testing setup using RF test fixture
In Figure 8, the AAS connector (i.e. transceiver boundary) can be represented by the Boundary B. RF measurement is performed at Boundary A’, where this could be connected to a spectrum analyser for instance. By using the  formulated as gain table, the AAS core requirements defined at Boundary B can be obtained by translating the measured values at Boundary A’ to Boundary B using the gain table. Detailed description of how this could be performed is FFS. 
By using the gain table, the final AAS RF requirements can be measured and verified.   
Conclusions
In this contribution, two proposals have been given to progress the work on AAS conformance test:
Proposal 1: AAS conformance test specification should adopt the same principles as legacy BS test specification
Proposal 2: Outcomes of AAS SI phase should be reused when specifying the AAS test methods.
[bookmark: _GoBack]Detailed description of the combined close-field and OTA test method has been provided.  Such hybrid test method is an attractive solution to overcome the difficulties facing the AAS BS conformance testing. 
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