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1 Introduction
In the discussions on AAS BS OTA conformance requirements, it has been proposed that the corresponding work already done for UE OTA requirements may be reused. E.g. [1] proposes to reuse the entries from one of TRS measurement uncertainty budgets in TS34.114 [2] for EIRP measurement uncertainty calculation. This contribution provides an analysis of [2] and tries to point out areas that can be reused and areas which will need further work in order to achieve good AAS BS OTA conformance requirements. It aims primarily at discussing OTA sensitivity aspects. However, there are general OTA measurement aspects that are also discussed in the initial discussion. This document is a resubmission of [8] which was submitted at RAN4#75, but not treated.
2 Discussion
The discussion on AAS BS OTA conformance requirements is currently in early stages, but there are some characteristics that can already be distinguished which may serve as a guide for the way to approach the subject. 

One such characteristic is that there may be multiple methods of demonstrating conformance to the OTA core requirements using different types of test facilities. Thus, the test procedures and uncertainty contributors may vary to a much greater degree than for the case of conducted requirements. Therefore the conformance specification may have to offer many alternative test procedures depending on the type of test facility. This characteristic is shared with the OTA requirements for UE requirements, and is potentially further enhanced by the wide variety of device implementations referred to as an AAS BS. 
Whilst the complete set of possible (or agreed) test methods is still to be determined for each OTA requirement, it appears clear that the general approach adopted in [2] of providing the procedure and uncertainty budget for each agreed test method under the assumption that the total uncertainty for the agreed methods remain comparable, may have its merits. 

Again, the wide variety of AAS implementations complicates the study as the uncertainty related to one method may be related to the characteristics of the DUT, so much that it may render one test procedure/facility type inappropriate for the particular test while another test procedure/facility type may be very accurate for this particular test.
Describing the test procedure together with the test facilities and an uncertainty budget related to each test method is a good start approaching the problem of defining the potential limitations related to the DUT characteristics. Hence analysing the 34.114 with a wider view, appears a good way.

3 General observations regarding TS34.114

The overall structure of [2] comprises 6 main clauses and a set of annexes. The first three clauses are the common clauses for all 3GPP specifications. The fourth clause describes the frequency bands/operating bands, the fifth clause defines transmitter conformance and Clause 6 receiver performance requirements.
The conformance performance is defined for GSM, and UTRA, but could easily be extended to E-UTRA. Several types of UE are defined with separate measurement procedures (hand held, laptop attached and lap-top embedded types). Each type of device has its own performance requirement definition (albeit very similar), performance requirements and at least two alternative test procedures depending on the test facility type employed. However, there is no recommendation on the type of test facility/test facility related to each UE type. (This is probably not needed since the radiation characteristics of all the UE types are rather similar.) The only transmitter requirement is TRP and the only receiver requirement is TRS.
The six clauses are written in 90 pages of specification.

The annexes are very lightly edited from other publications, and would benefit from coordination. However, most of the subjects discussed are relevant also to AAS. The annexes take up around 60 pages of the specification.
The total number of pages used to describe the two OTA requirement conformance is thus around 150 pages.

It can be seen from the above that TS34.114 has many properties suggesting it to be a good start for defining AAS BS OTA conformance requirements. It can also be noted that its current structure may generate a large number of pages, thus making it difficult to fit into a specification of the format XX.141. Therefore it is proposed to study the TS34.114 more closely without committing to reusing its format.
4 OTA output power for UE and BS.

In the table below, different aspects of TS34.114 are mentioned in row 1. In row, 2 the corresponding AAS BS situation is discussed.
	UE OTA transmitter requirement 
	AAS BS corresponding comment

	The transmitter OTA requirement for UE is only TRP.
	Similarly, the only OTA transmitter requirement for AAS BS is EIRP.

	Two basic measurement approaches are described in [2] – anechoic chamber and reverberation chamber methods.
	Specific test methods are yet to be determined.

	In [2], the physical (angular) sampling grid is prescribed (presumably only relevant for the anechoic chamber method). Since the requirement is TRP, sufficient number of sampling points are needed to capture the transmitted power in all directions. 
	Since the requirement for AAS is EIRP, which is presumably fulfilled at each prescribed measurement point, there is no sampling grid to be defined; each point for measurement is defined by the requirement itself. 

	The number of independent samples when using reverberation chamber is specified.
	Whether this can be specified as a number general for all AAS remains to be determined. Even whether the reverberation can be employed is TBD.

	Minimum requirements are defined as average power levels and minimum power levels. (This is related to the uncertainty due to the combination of the DUT and the phantom simulating the user.) The minimum TRP is the weakest tested frequency channel, at the worst UE position in relation to the phantom.
	Since no subscriber phantom is envisaged for AAS BS usage or testing, there should be no need for more than one set of values (per BW, etc. as with the conducted output power). There may be more than one direction for which the EIRP is specified and tested, each with its own requirement defined.

	The test procedure uses test signals common with the conducted test. Two orthogonal polarizations are sampled in each direction.
	The same approach is envisaged for AAS BS EIRP measurements.

	The two defined measurement approaches are described with separate test procedures but use common test requirements.
	TBD

	Separate test procedures and requirements are defined for UTRA and GSM (for each device type)
	TBD. (It would appear a possible way to shorten the requirement specification by using largely common procedures for UTRA and E-UTRA, since it can b expected that the main difference will be the test model, but the radiating test facility is used in a very similar way.)

	Separate test procedures are used for TDD and FDD duplex mode variants of the same device type (e.g. hand held UE). The test procedures are very similar. (But e.g. test models are different.)
	This is another area, where the specification may be shortened by reusing test procedures and referring to tabled test signals etc. The difference between the duplex modes’ output power tests are in a way similar to the difference between RATs’..

	Separate requirements are set for TDD and FDD duplex mode variants of the same type of UE.
	This is likely to be the same for AAS BS. (As it is for conducted requirements.)

	Several device types are identified. (Like hand held UE, LME, LEE) all with their own test procedures and requirements. However, the test procedures are mainly different with regard to the phantom usage. Also, many requirements are TBD.
	It is currently unclear whether the same type of test facility can support all conceivable devices. Hence it may be so that the AAS BS categorization may depend on what type of test ranges are needed for verifying the conformance requirements. This will need more investigation before being determined.


5 OTA sensitivity for UE and BS.
In the table below, different aspects of TS34.114 are mentioned in row 1. In row, 2 the corresponding AAS BS situation is discussed.

	UE OTA receiver requirement 
	AAS BS corresponding comment

	The receiver OTA requirement for UE is only TRS.
	Similarly, the only OTA receiver requirement for AAS BS is EIS.

	Two basic measurement approaches are described in [2] – anechoic chamber and reverberation chamber methods. UEs with more than one antenna shall be tested with all antennas active simultaneously.
	Specific test methods are yet to be determined.

	In [2], the physical (angular) sampling grid is prescribed (presumably only relevant for the anechoic chamber method). Since the requirement is TRS, sufficient number of sampling points are needed to capture the sensitivity from all directions. Also, since the TRS is the average sensitivity over all the sampling points (assuming sufficient sampling grid), the actual sensitivity in each sampling point must be found and recorded.
	Since the requirement for AAS is EIS, which is presumably fulfilled at each prescribed measurement point, there is no sampling grid to be defined; each point for measurement is defined by the requirement itself. (Whether this is made through mandated directions or through declarations only remains to be determined.) The required EIS level can directly be applied (adjusted for the test facility transfer function, )and verified to achieve the required BER/throughput. 

	The number of independent samples when using reverberation chamber is specified.
	Whether this can be specified as a number general for all AAS remains to be determined. Even whether the reverberation can be employed is TBD.

	Minimum requirements are defined as average power levels and maximum power levels. (This is related to the uncertainty due to the combination of the DUT and the phantom simulating the user.)
	Since no subscriber phantom is envisaged for AAS BS usage or testing, there should be no need for more than one set of values (per BW, etc. as with the conducted reference sensitivity). There may be more than one direction for which the EIS is specified and tested, each with its own requirement defined.

	The test procedure uses test signals common with the conducted test.
	The same approach is envisaged for AAS BS EIS measurements.

	The two defined measurement approaches are described with separate test procedures but use common test requirements.
	TBD

	Separate test procedures and requirements are defined for UTRA and GSM (for each device type)
	TBD. (It would appear a possible way to shorten the requirement specification by using largely common procedures for UTRA and E-UTRA, since it can b expected that the main difference will be the stimulus signal, and the sensitivity definition, but the radiating test facility is used in a very similar way.)

	Separate test procedures are used for TDD and FDD duplex mode variants of the same device type (e.g. hand held UE). The test procedures are very similar. (But e.g. stimulus signals are different.)
	This is another area, where the specification may be shortened by reusing test procedures and referring to tabled test signals etc. The difference between the duplex modes’ sensitivity tests are in a way similar to the difference between RATs’..

	Separate requirements are set for TDD and FDD duplex mode variants of the same type of UE.
	This is likely to be the same for AAS BS. (As it is for conducted requirements.)

	Several device types are identified. (Like hand held UE, LME, LEE) all with their own test procedures and requirements. However, the test procedures are mainly different with regard to the phantom usage. Also, many requirements are TBD.
	It is currently unclear whether the same type of test facility can support all conceivable devices. Hence it may be so that the AAS BS categorization may depend on what type of test ranges are needed for verifying the conformance requirements. This will need more investigation before being determined.


6 Annexes in TS34.114
Following the approach in the previous section, the table below lists aspects of the annexes in the first column, and comments related to the application in AAS BS testing in the second column.
	Annexes in TR 34.114
	Comment on application for AAS BS tests

	Annex A (normative) deals with system characterisation. It contains phantom specifications, anechoic chamber constraints, reverberation chamber constraints and Embedded devices.
	It is not foreseen that AAS BS will be embedded in other devices, or operated is a way that would require phantom for testing. 
The description of the reverberation chamber is not adequate to high gain antenna applications, and generally insufficient for AAS BS testing. The prescription on the anechoic chamber is essentially not relevant to the AAS BS testing, Some aspects may be reused, but they are better covered in annex E. A general description of the test facilities to be used is probably still in place though.

	Annex B (normative) deals with calibration. General recommendations on reference antennas and their positioning in the measurement chambers are given. One calibration procedure for anechoic chamber is suggested, using the prescribed sampling grid. A calibration procedure is given for reverberation chamber. This has somewhat more detail.
	Since the test facilities for UE OTA testing are small compared to what is expected for AAS BS test facilities, the important parameters may be different. Whilst calibration will be fundamental also for AAS BS, it appears likely that the calibration of the measurement ranges used for BS antennas will be a better outset for AAS BS test facility calibration. The use of reverberation chambers remains to be investigated. Proper calibration and matching measurement procedure are fundamental for achieving low uncertainty in OTA measurements.

	Annex C (normative) deals with the test report. The content is on how TRP and TRS shall be calculated from the samples obtained during testing.
	TRS and TRP are not used for AAS BS testing. It is TBD if corresponding test report requirements are needed for AAS BS tests. The minimum test requirements are expected to be one per measurement point, and hence pass or fail may be determined without further calculations.

	Annex D (normative) deals with maximum uncertainty of test system and test tolerances. A table of maximum test uncertainty for each test requirement is given in a table.

One table (informative) lists the test tolerances for each requirement, and one table (informative) lists derivation of each test requirement.
	These tables are essentially the same as the ones used for conducted requirements. It is foreseen that similar annexes will be in the AAS BS conformance specification.

	Annex E (normative) deals with estimation of measurement uncertainty. 
It suggests a method for calculating the overall uncertainty based on a number of parameters deemed relevant for the type of test facilities envisaged to be used for UE OTA testing. Lists of relevant uncertainty contributors in measurement and calibration for each test method are presented (one of which is referred in [1]).
Each uncertainty contributor is assessed in a sub-clause of the annex. The whole annex is a very lightly edited version of Annex A in [3], which may contain further useful information.

Examples of uncertainty budgets are given for each measurement method. These are very helpful when identifying the main uncertainty contributors as well as the sensitivity to different aspects of the calibration procedures.
	Estimation of the measurement uncertainty will of course be important also for AAS BS testing. 

The calculation method used in [2] seems based on the assumption that all uncertainty contributors are small (well below one dB). (In mathematical terms, it is assumed that the sum of the square of logarithms of the uncertainties is equal to the logarithm of the square sum of the uncertainties, which is approximately true for small numbers). To reuse this method it has to be verified in advance that the uncertainty contributors fulfil this requirement. It can be noted that e.g. the table from [6] in [7] does not indicate a similar assumption.
The approach to assess each uncertainty contributor deemed important for each measurement method is a very good way to determine the overall uncertainty to be expected. It must be recognised though that the listed contributors in [2] may not represent all relevant contributors, when the geometry of the test facility changes as expected due to the larger DUTs. The assessment of the individual list items may also be different due to the same reason. Further, the use of TRS/TRP instead of EIS/EIRP, may affect the relevance of the listed items, and it may have caused other items to be deemed irrelevant (e.g. the far field criterion).
Thus a relevant list of uncertainties will be based on the choice of test method in more detail than what has been made in the AAS conformance requirement discussion so far. It will be every useful to produce example measurement descriptions with suggested methods and uncertainty analysis from different companies. Such examples can then be scrutinized, and evaluated as whether they serve as acceptable methods. (Note that there may be more than the two methods in [2] to be addressed.) The lists in [2] may be used as check lists during this evaluation. 

The format of the uncertainty budget examples in [2] annex E, is useful for evaluation test methods, but as can be seen already in the examples, the items listed varies with test methods, and must be assessed separately for each test method. This also applies to the assessment of the uncertainty values for each contributor (which may vary for different test methods).
The acceptable uncertainty will have to be based on at least one method being fully investigated.

	Annex F (informative) deals with recipes for phantom liquids
	This is not relevant for AAS BS testing.

	Annex G (informative) deals with specification and validation of anechoic chambers

Shielding is addressed.

Quiet zone quality is addressed.

Quiet zone characterization is addressed
	Whilst the addressed issues are indeed important for the measurements of AAS BS using anechoic chambers, the way they are addressed in [2] is inadequate for this purpose. The validation of anechoic chamber is treated in [4] with far more depth and adequacy for EIS/EIRP measurements.
Since the requirements in [2] are TRS and TRP, there is no need to distinguish between radiated near field measurements and far field measurements. For AAS BS OTA measurements it is possible (or even likely) that these should be considered different methods.

	Annex G.A (informative) deals with specification and validation of reverberation chambers.

Shielding is addressed

Statistical ripple and repeatability is addressed.
	It is unclear whether EIRP or EIS can suitably be measured with a reverberation chamber. In any case, Annex G.A in [2] does not indicate how that may be achieved. This annex is not relevant to AAS OTA measurement methods.

	Annex H lists recommended performance (informative) for the test requirements in the specification. These test performance are stricter then the minimum test performance stated in the specification, but not mandatory.
	This approach has not been used for BS. It is unclear whether such information offers any value for vendors or operators, since operators are normally in control of their equipment to a greater extent than may be the case for UE.


7 Conclusion
· Whilst it is clear that [2] does not provide a blue print for the AAS BS OTA requirement conformance specification, the above analysis of the document has highlighted a large set of issues that must be addressed when creating such a specification. 
· TheTS34.114 specification offers many good approaches to be investigated for AAS BS OTA requirement conformance test specifications. Such as:

· Establishing a single test requirement while allowing multiple test procedures

· Establishing an agreed method for forming an uncertainty budget. (However the established method in [2] is applicable under a limiting set of circumstances that need to be fulfilled. Reuse of the same method for AAS BS OTA testing can only be made if these circumstances are fulfilled.) 

· Establishing multiple uncertainty budgets to cater for different measurement methods.

· Assessing each item in the uncertainty budget with respect to its impact on the measurement uncertainty.

· Providing example uncertainty budgets for the established measurement methods.

· Providing criteria for test facility specification and evaluation. (Note that this exercise is likely to be more complex for AAS BS measurement methods.)

· Reusing the format of TS34.114 risks creating very large specifications.

· It is also clear that the uncertainty calculation for a test method depends on the test method itself and potentially on the DUT it is applied to. Therefore, the test methods themselves must be identified and analysed with respect to applicability and uncertainty when applied to a variety of AAS BS implementations.
· It is not clear that there is one measurement method that is optimal for all varieties of AAS BS implementations. 
· The UE OTA test methods may be more universal than the corresponding BS test methods due to the greater variety of the AAS BS radiation characteristics.
· Companies are encouraged to produce examples demonstrating test methods on a variety of AAS BS implementations with accompanying uncertainty analysis, as a start of this work.
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9 Terminology

The terminology defined in [5] is used in this contribution. In addition, the following acronyms are used:

DUT

Device Under Test

LEE

Lap-top Embedded Equipment (e.g. built in UTRA modems)

LME

Lap-top Mounted Equipment (e.g. USB stick modems)

RAT

Radio Access Technology
TRP

Total Radiated Power
TRS

Total Radiated Sensitivity
