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1. Introduction

At the last RAN4 meeting (RAN4#86 in Athens) the work associated with development of test procedures and OTA test methods was started.  
Based on previous experiences from AAS Rel-13, this contribution highlights some aspects of relevant for eAAS and Rel-15. Unlike Rel-13, RAN4 now have a complete set of OTA requirements for AAS base stations. 
In the continuing discussion the focus will shift towards defining conformance test requirements. To be able to define relevant conformance test requirements the differences between minimum requirements as part of RF core requirements, test requirements, test tolerances and measurement uncertainty associated to a specific requirement that are tested with a specific measurement method must be understood.
The intension with this contribution is to give some directions of the structure and information to be captured in clause 10 in TR 37.843. The intension is to describe all test methods in terms of capabilities and limitations together with an evaluation of the measurement uncertainties, which are required to define relevant test requirements for AAS base stations. 

2. Discussion

In TS 37.145-2, Rel-13 and Rel-14 two OTA requirements were defined. In Rel-15 a complete set of OTA requirement have been established for AAS BS. 

Currently, the OTA test procedures are not described in detail in TS 37.145-2. However, a detailed background is captured in TR 37.842. In Annex D in TS 37.145-2 a high-level description of a test object within a chamber is visualized. The information content in this Annex is not sufficient to describe an OTA test environment. The intension with the diagram was to describe the test at a general level supporting all possible test methods. However, the experience from Rel-13 says that the conformance specification must give more guidance on how the OTA test is performed. From Rel-13 OTA requirements, feedback from test houses and regulatory bodies need more details to be added to conformance test specifications. Therefore, RAN4 needs to consider describing more details in the specification rather than in the TS 37.145-2.
For Rel-13 the following concept have been used as framework for developing OTA test methods;
1. Multiple test methods may exist for each requirement.

2. Each test method will require its own test procedure.
3. A single conformance requirement applies for each core requirement, regardless of test procedure.
4. Common maximum accepted test system uncertainty applies for all test methods addressing the same test requirement. Test methods producing significantly worse uncertainty than others at comparable cost should not impact the common maximum accepted test system uncertainty assessment.
5. Common test tolerances apply for all test methods addressing the same test requirement.
6. A common way of establishing the uncertainty result from all test methods' individual budgets is established.
7. A common method of making an uncertainty budget (not a common uncertainty budget) is established.
8. Establish budget format examples for each addressed test method in the form of lists of uncertainty contributions. Contributions that may be negligible with some DUT and substantial with others should be in this list. For each combination of measurement method and test parameter (EIRP or EIS) develop a list with measurement uncertainties.
9. Describe potential OTA test methods relevant for testing radiated transmit power and OTA sensitivity. The description requires information about the test range architecture and test procedure. Addressing each item in each uncertainty budget with respect to the expected distribution of the errors, the mechanism creating the error and how it interacts with properties of the DUT. 
10. Providing example uncertainty budgets in the TS will be useful in order to demonstrate the way a budget should be defined and how calculating its resulting measurement uncertainty is done, but the figures used in the examples will clearly be only examples and not applicable in general.
11. Each test instance may require an individual uncertainty budget applicable for the combination of the test facility, the DUT and the test procedure and property tested. Here, the tester demonstrates that the uncertainty requirement is fulfilled during the conformance testing.

This list is also known as the Venice frame work, developed and agreed at RAN4 ad-hoc meeting in Venice 2015. It was used to establish and evaluate OTA test methods for AAS Rel-13 and should also be used as basis for eAAS Rel-15 work. 
The outcome for Rel-13, with only two RF core requirements was the following list of test methods;
· In-door Anechoic Chamber 

· Compact Antenna Test Range

· One Dimensional Compact Range Chamber

· Near Field Test Range

All test methods are described in TR 37.843, clause 10 and Annexes
For Rel-15, where we now have a complete set of OTA requirements careful considerations is required to optimize the work needed to describe all combinations of test requirement and test methods. 

In Rel-15, new types of requirements such as co-location requirements and unwanted emission requirements are added, which will require new types of test facilities, which was not part of the work in Rel-13. It is reasonable to assume that all requirements based on EIRP and EIS can be mapped towards already defined test methods introduced in Rel-13. However, the measurement uncertainty evaluation needs further considerations per requirement, to fully capture all details as mentioned in a companion contributions [3, 4]. 

The co-location requirements are based on the co-location reference antenna, which impact on measurement uncertainty also needs considerations. OTA unwanted emission requirements based on TRP, required carful understanding from a testing perspective. It is clear that new chamber types are required for TRP testing. The driving factor is that depending of frequency to measure with in the range of 30 MHz to 5th harmonic, not only the spatial measurement grid is changed also the test distance. 
For Rel-13, the two defined OTA requirements could be mapped towards one of the described test methods. But for Rel-15, it is more likely that multiple test methods are required to conduct all tests included in the specification. In Figure 2-1, an example is given. 
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Figure 2-1: Multiple test methods needed to cover all requirements
From Figure 2-1, the following new test environments can be identified:

1. EMC test range
2. Shielded Anechoic Chamber
3. Reverberation Chamber as a complement, improving test time

Other, test methods such as near-field scanner-based methods or direct far-field for the operating band region is not excluded. But before including, it must be shown it can measure the expected characteristics with acceptable measurement uncertainty  
Before determining the test tolerance, it is required to analyse relevant OTA test methods and their capability to measure different OTA parameters. It’s clear that wanted power EIRP or TRP and EVM or ACLR wold put different types of requirement on OTA test methods. 

The measurement uncertainty for relevant test methods will set a limit on the test tolerance. For a specific test requirement several potential test methods can be used for conformance testing as long as the measurement uncertainty associated to the used test method is acceptable. The measurement uncertainty will vary between different test methods. In general, the measurement uncertainty is established per requirement and test method. As long as maximum uncertainty for a test method is acceptable with respect to the test requirement level the test method can be used for conformance testing of minimum requirements. RAN4 needs to develop a framework to capture measurement uncertainties estimations for OTA test methods. The framework shall be captured in the AAS conformance test specification.

An important part of a standard measurement procedure is the identification of uncertainty sources and the evaluation of the overall measurement uncertainty. There are various individual uncertainty sources in the measurement procedure that introduce a certain uncertainty contribution to the final measurement result. The approach presented in this contribution for testing radiated performance is that the test laboratories are not limited to using some specific test methodology, instruments, and antenna positioners. However, a limit is set for the maximum overall measurement uncertainty. A test method is accepted when it is described in terms of concept including how it is calibrated and fulfilling maximum uncertainty of test system. Together with each test method an estimation of the combined uncertainty should be captured in the conformance test specification. For any measurement method relevant for testing radiating characteristics of an AAS base station, a reliable estimate of errors is one of the primary concerns. 

Since EIRP, TRP and EIS are absolute characteristics the calibration used for the test method is critical for measurement uncertainty. The relative power values of the measurement point will be transformed to absolute radiated power values (in dBm) by performing a calibration measurement. The calibration measurement is done by using a reference antenna with known gain. In the calibration measurement the reference antenna is measured in the same place as the test object, and the attenuation of the complete transmission path from the test object to the measurement receiver is calibrated out. The gain of the reference antenna shall be known at the frequency bands in which the calibrations are performed. Recommended calibration antenna for a far-field test range is a Standard Gain Horn (SGH). A network analyser is recommended to be used to perform the calibration measurement. The calibration is performed individually for orthogonal polarizations, all transmission paths and all frequencies used in the testing. The principle is based on the use of calibration/substitution antennas presenting a gain known with a sufficient accuracy in the measurement bandwidth. Such a calibration antenna is placed on the test range positioner at the exact test object location. 

The procedure of forming the uncertainty budget for an OTA test method can be described as:

1. Compile a list of individual uncertainty contribution for both stage 1 and stage 2.

2. Determine the standard uncertainty contribution by:

a. Determining the distribution of the uncertainty contribution (Gaussian, U-shaped, rectangular, etc.)

b. Determining the maximum value of each uncertainty (unless the distribution is Gaussian)

c. Calculating the standard uncertainty by dividing the uncertainty by 
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 if the distribution is U-shaped and by 
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 if the distribution is rectangular.

3. Combine all the standard uncertainties by 
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4. Combing the total uncertainty in Stage 1 and Stage 2 by 
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5. Convert the units into decibels.

6. Multiply the result by an expansion factor of 1.96 to derive the expanded uncertainty at 95% confidence level: 
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There’s no question about it, the work effort to determine all measurement uncertainties for all test methods and requirements is a daunting task. But with the experience from Rel-13, a big portion of requirements based on pure absolute EIRP values would be easily to settle, while new requirements such as EVM and ACLR requires attention.  

3. Conclusion

The intension with this contribution is to recollect the frame work used for AAS Rel-13. The background for this framework is that the measurement uncertainty evaluation is a crucial part of the description (see Annex) of a specific test method. It is therefore important to not short circuit the discussion by grouping requirements together before understanding the details. Some requirement will be very similar, but other will be very different. The differences are identified by doing the measurement uncertainty evaluation.   
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ANNEX:

B.2
Compact Antenna Test Range
B2-1 Misalignment DUT/calibration antenna & pointing error

This contribution denotes uncertainty in DUT/calibration antenna alignment and DUT/calibration antenna pointing error.  In this measurement the DUT/calibration antenna is aligned to maximum, also allowing for a zero contribution for polarization mismatch uncertainty. By adjusting for maximums to align, this contribution can be a small contribution. The calibration antenna's phase centre and polarization purity changes slightly according to the frequency. Therefore, there should be some uncertainty reserved for this. To ensure that the point error is at a minimal, this contribution should be captured using the antenna pattern cut which is broadest (in the case of the DUT this would most likely be in the azimuth domain).

B2-2 Measurement Receiver: uncertainty of the absolute level

The receiving device used to measure the received signal level in the EIRP tests either as an absolute level or as a relative level. These receiving devices to name a few are spectrum analyzers, network analyzers or power meter. These devices will have an uncertainty contribution of their own; this value declared by the test gear vendor should be recorded as this uncertainty contribution. If a power meter is used then both measurement uncertainty and out of band noise is considered as part of the contribution. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
B2-3 Standing wave between DUT and test range antenna

This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between DUT and test range antenna. This value can be captured by moving the DUT towards the test range antenna as the standing waves go in and out of phase causing a ripple in measured gain.

B2-4 RF leakage (SGH connector terminated & test range antenna connector cable terminated)

This contribution denotes noise leaking in to connector and cable(s) between test range antenna and receiving equipment.  The contribution also includes the noise leakage between the connector and cable(s) between SGH/reference antenna and transmitting equipment.

B2-5
 QZ ripple DUT/calibration antenna

This is the quiet zone (QZ) ripple experienced by the AAS BS/calibration antenna during the measurement or calibration phase. The purpose of this component is to capture the contributions that the reflections from the walls, roof and floor that will add to the EIRP measurement. The sum of all these reflections from the walls, range reflector (if applicable), roof and floor will give the overall value for the QZ ripple. In other words, the uncertainty component from the wall will not be separated from the roof or the floor. The purpose of this uncertainty component is to capture the overall reflections from the chamber walls experienced by the AAS BS/calibration antenna. To capture the full effect of the QZ ripple a distance of  1λ should be measured from each of the AAS BS/calibration antenna physical aperture edges, i.e. total QZ distance = physical aperture length +2 λ, to ensure the full volume of the QZ is captured in the uncertainty measurement.

B2-6 Uncertainty of network analyser

a)
drift (temp, oscillators, filters, etc.) start-to-end time of  measurements.

This uncertainty includes all the uncertainties involved in the S21 measurement (including drift and frequency flatness) with a network analyzer, and will be calculated from the manufacturer's data in logs. This uncertainty also includes analyzer uncertainty for multi-polarization (2 or more ports) measured simultaneously. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
B2-7 Mismatch of receiver chain (i.e. between receiving antenna and measurement receiver)
This uncertainty is the residual uncertainty contribution coming from multiple reflections between the receiving antenna and the test receiver equipment. This value can be captured through measurement by measuring the S11 towards the receive antenna and also towards the test receiver. The mismatch between the antenna reflection and the receiver reflection can also be calculated. If the same cable is used for calibration Stage 1, this can be considered systematic and negligible.

B2-8 Insertion loss of receiver chain

This uncertainty is the residual uncertainty contribution coming from introducing an antenna at the end of the cable.  If this cable does not change/move between the calibration Stage 1 and the measurement Stage 2, the uncertainty is assumed to be systematic and negligible during the measurement stage. Alternatively, the insertion loss can also be calculated by taking the measurement of the cable where port 2 is the end of the cable connected to the AAS BS or calibration antenna.


IL = -20log10|S21| dB

B2-9 Influence of the calibration antenna feed cable

a)
Flexing cables, adapters, attenuators, extra pathloss cable & connector repeatability.

During the calibration phase this cable is used to feed the calibration antenna and any influence it may have upon the measurements is captured. This is assessed by repeated measurements while flexing the cables and rotary joints. The largest difference between the results is recorded as the uncertainty.

B2-10 Uncertainty of the absolute gain of the calibration antenna

This uncertainty consists of the uncertainty of the gain value associated with the gain value denoted from the antenna calibration. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
B2-11 Misalignment positioning system

This contribution originates from uncertainty in sliding position and turn table angle accuracy. If the calibration antenna is aligned to maximum this contribution can be considered negligible and therefore set to zero.

B2-12 Rotary Joints

If applicable the contribution of this uncertainty the accuracy in changing from azimuth to vertical measurements.

B2-14 Miscellaneous Uncertainty

The term 'miscellaneous uncertainty' is used to define all the unknown, unquantifiable, etc. uncertainties associated with EIRP measurements. This term should include truly random effects as well as systematic uncertainties, such as that arising from dissimilarity between the patterns of the reference antenna (SGH) and the DUT.

B2-15 Switching Uncertainty

The purpose of the switching unit is to switch electromechanically different RF path to different measurement instruments of different measurement modes. The electromechanical switching clearly reduces the errors arising from manual switching work. Switching is also used to measure the path loss values of each polarization component.  Even though the electromechanical switching is preferable during path loss and antenna performance measurements, some minor uncertainties can occur when the switch states are programmed to change their polarity.
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