3GPP TSG-RAN WG4 Meeting #72
R4-145208
Dresden, Germany, 18th – 22nd August, 2014
Source: 
Huawei
Title: 
Proposed method of OTA PREFSENS definition and measurement with antenna radiation pattern assessment
Agenda Item:
7.2.3
Document for:
Discussion
1 Background
The issue of a sensitivity requirement for the BS as measured over the air (OTA), and in field like operation conditions have been discussed since RAN4#68, without any conclusion. Worries that the radiated sensitivity is implementation dependent and hence requires assumptions about the tested device that may hamper innovation have been expressed (e.g. in [1] and [2]). It has been questioned whether it is possible to define one common requirement for different antenna designs.
Worries that antenna property tampering may affect the reliability of the sensitivity (and corresponding transmission power) have also been expressed in the meetings, if not in contributions. The understanding of the active antenna coverage properties has been discussed, and the means of providing the radiation pattern information in a way that also reflect the sensitivity such that network planning can be performed has been on the table.

In RAN4#71, [3] suggested antenna far field antenna pattern assessments of both transmitted and received signals using modulated signals, but does not address the sensitivity test itself. It also does not address coherent combining outside the RF circuits.

It seems reasonable to seek a method that can reuse the current reference sensitivity definition and requirement, and can couple the “wide sense” antenna properties (like radiation pattern in some form) during the test to the results without coupling the requirement to the antenna properties. 
The approved way forward document for “radiated reference sensitivity” in RAN4#71, [10], lists the six points:

1. EIRS and field strength are equivalent and interchangeable. Thus the specification can find a harmonised means of referring to the OTA receive requirement and effort should focus on finding a specification wording to harmonize field strength and available-power (i.e., EIS/EIRS) approaches 

2. Reach agreement on definition and selection of the desired stimulus signal,

a. It is agreed that the stimulus (desired) signal should be a UE-specific signal that arrives at the basestation from a single elevation/azimuth angle combination

b. Propose and agree on declarations that are necessary to fully specify the stimulus (desired) signal.

3. Reach agreement on applying the requirement either per receiver or to the combination of all receivers

4. Determine the feasibility of defining a common implementation-neutral reference sensitivity, possibly based on BS class

5. Define a framework for vendor declaration of AAS OTA receiver sensitivity targets. (i.e., “threshold” vs “window”)

6. Agree on a better term than “radiated receiver sensitivity” for the receiver requirement

While the current document is not explicitly addressing the issue of “radiated reference sensitivity”, it can be noted that:

· There are propositions for a stimulus signal, (2) in the document
· The method proposed suggests the test is applied to the combination of all receivers (3)

· The method proposes a common implementation-neutral reference sensitivity (4)

· The method reuses the legacy reference sensitivity frame work for vendor declaration (5)

It is therefore expected that the current document can facilitate progress on the “radiated reference senstivity” topic (awaiting a better term to be agreed for OTA receiver sensitivity).
2 Summary
This contribution introduces a test calibration method which establishes a virtual antenna connector definition by de-embedding the antenna gain/directivity. A similar requirement to the legacy BS reference sensitivity requirement can then be applied at this virtual connector. (The result equals the total isotropic sensitivity.)
The antenna radiation pattern and directivity is given by this method to potentially be used for cell planning purposes.

The radiation cases to be tested is not discussed in this document, but can be chosen arbitrarily without concern to this proposed method (e.g. through manufacturer declaration).

The presented method is based on the calibration of and measurement in a compact range facility, but adaptation to other types of radiated measurements is not precluded.
3 Introduction

Traditional antenna gain measurement methods have been employing the far field radiation (i.e. the Fraunhofer zone) for estimating the path loss between antennas. In the three point measurement method the path loss is calculated between two points, and three unknown antennas are mounted between the points, forming a common equation system which gives the individual antennas’ gain. More common is the use of a calibrated reference antenna in the setup. Here the antenna under test can be directly evaluated with less measurement needed. The use of anechoic chambers allows measurements in more controlled environments than outdoor ranges, and the introduction of compact ranges [6] have further simplified the antenna gain measurements (simplifying the far field assumption verification).

Most antenna measurement ranges use network analyzers to establish the coupling loss between two points in which there is an over the air part, a measurement antenna and a reference antenna or the DUT (i.e. the antenna under test)
. The difference in the coupling loss between the reference and the DUT case is attributed to the difference in gain (and radiation pattern) between the reference antenna and the DUT. Since the reference antenna is considered known, the DUT, by the difference, within measurement uncertainty, is also known. The difference (representing the result) uncertainty is kept to a minimum by reusing the same equipment set-up and calibration.

In the case of the AAS, it may not be feasible to separate the antenna as a separate entity from the BS, and hence it may not be possible to measure the loop coupling loss as in the case of traditional antennas.  Instead the antenna (if detachable at all) may represent a subset of the composite antenna where further coherent combination is taking place after reception of the signal in the corresponding sub receiver unit (instead of all coherent combination taking place before the receiver as in the legacy system). The further coherent combination will constitute a substantial part of the antenna properties, but will not be subject to the measurement. Yet, the antenna properties are essential to the AAS BS functionality, as is the sensitivity. Further, the sensitivity measured over the air will depend on the antenna properties. It is therefore important to link the measurements of the reference sensitivity to the antenna properties, as pointed out in e.g. [8]. 
This document aims at establishing a connection between current reference sensitivity measurements on LTE BS, as described in TS36.141, and an over the air measurement method proposed. The document describes the proposed calibration of the test equipment and the actual tests.  It also discusses the accuracy related to the method and compares it with the legacy method.
Traditional antenna measurement range issues are assumed to be handled and understood outside the discussion in this document. However, they do of course apply also for this measurement proposal. Hence, the DUT is assumed to fit inside the quite zone, and the far field requirement is assumed fulfilled, etc.
4 Method Discussion
In preparation for the test, an isolator is introduced in the signal path to protect the signal generator from the BS transmission power.

The method is divided in two essential steps, where by the first, calibration, step establishes a virtual antenna connector on the AAS, and the second, measurement, step reuses the legacy method (slightly modified) to verify the legacy requirement conformance on the virtual antenna connector.

4.1 Calibration

The here proposed calibration method links the coupling loss measurement and the BS receive signal strength indicator (e.g. RSSI) readings. In this proposal, the DMRS level readings are used as signal strength indicators.
Calibration of test range:

 Step 1a

Start by calibrating the network analyzer used in the test range. (In traditional antenna measurements, this may not be needed as frequently due to the strictly differential approach, but in this proposed method, the differential approach is broken.)
Step 1b

Measure the coupling loss between the DUT connector in the antenna test range and the connected network analyzer. (Figure 1, CLDUTtoNA)
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Figure 1, Measurement of coupling loss from DUT position to network analyzer port(marked by thick line).

Step 1c

Measure the reference antenna in the DUT position (the dashed double arrowed Figure 2, CLcalibration,)
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Figure 2, Antenna range calibration using reference antenna. Note the isolator introduced in the range set-up in preparation for the following measurements.

Step 1d 

Equation 1


CLNAthroughDUT = CLcalibration - CLDUTtoNA 

is the coupling loss from the network analyzer port to the DUT connector via the isolator. (Dotted double arrow in Figure 2.)
The coupling loss to the fictive point of the antenna to air connection (referred to as the virtual antenna connector) is calculated as

Equation 2


CLNAtoREFANT = CLcalibration – CLDUTtoNA + GREFANT = CLNAtoDUT + GREFANT 

This coupling loss is what would be the coupling loss to the reference antenna connector if its gain was exactly 0 dBi. Thus it can be said that a virtual antenna connector of an AAS positioned at this point is established.
4.2 BS testing

Step 2a

The AAS BS is mounted in the DUT position in the compact range and is set to receive at the appropriate BW and antenna setting according to the vendor statement (see Figure 3).  This setting is assumed to be a fixed beam. One UE should be scheduled over the entire channel. No power control is operated. DL transmission power is set to 30 dB above the thermal noise level (in the selected channel) plus CLNAtoREFANT (dBm).  This allows access and synchronization for the tester (i.e. the virtual mobile), but does not generate any power that could be detrimental to the compact range equipment. Essentially this is very similar to the standard reference sensitivity measurement setting except for the transmit power level. The DUT should be mounted with its antenna bore sight approximately facing the measurement antenna bore sight to allow the tester to connect to the BS. 

The tester is connected to the measurement antenna and set to transmit the appropriate FRC 1A at the receive channel, according to [4]. The transmit power level is set so that the DMRS power reaching the DUT is 30 dB above the thermal noise floor.
 (i.e. this is the power hitting the compound receiver RF port assuming a 0 dBi antenna in the compact range.) The tester DMRS output power is set to: 

Pthermal noise  + 30 + CLNAtoREFANT (dBm). (See Figure 3)
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Figure 3 Schematic of DUT and signal source mounted in compact range
Step 2b

The DUT is rotated while reporting the DMRS receive signal strength per determined angular resolution
, hence forming the effective UL antenna radiation pattern for the BS setting tested. The DUT effective UL antenna gain is given by the reported DMRS receive power minus the power hitting the antenna front in each direction. 
Equation 3

GDUT_ANT = PRx reported - Pthermal noise– 30 (dBi)

It may be noted that the noise will put a cap on the null depth that can be reported at between 25 and 30 dB (normalized to bore sight) depending on the receiver noise floor. This is expected to have no practical impact on field performance. Both azimuth and elevation radiation patterns are recorded.
Step 2c

The DUT is rotated so that its antenna bore sight faces the measurement antenna in the compact range. The DUT transmit power is increased to the maximum output power (in accordance with TS36.141 [4], clause 7.2). The tester signal power is decreased to the level given in TS36.141, table 7.2 according to the FRC 1A chosen, plus the coupling loss from the tester transmitter port to the antenna front minus the DUT bore sight antenna gain.

Equation 4


Ptester REFSENS =  PTS36.141, table 7.2 + CLNAtoREFANT - GDUT_ANT (bore sight)

(dBm)



This means the power reaching the (compound) receiver should be the same as what is reaching the receiver in the legacy conducted reference sensitivity test. (Or differently put, the power at the virtual antenna connector of the AAS is the same as the power at the antenna connector in the legacy BS refsens test.)
The UL throughput is recorded in the same way as prescribed in TS36.141 [4], clause 7.2. If the minimum requirements are met, the DUT has passed the test (for the tested setting).
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Figure 4, Reference sensitivity set-up in compact range.

If the BS can be configured for other antenna settings, steps 2 may be performed for all antenna settings supported (for cell coverage or otherwise as determined by RAN4). The test calibration is maintained for all BS antenna settings whereas new DUT antenna gain assessments are needed for each antenna setting.
5 Measurement uncertainty estimate
This section assesses the measurement uncertainty related to the here described test method. The numbers used in the example are only examples, and estimates. The measurement parameters in table 1 are all taken from the method proposal above.
Table 1: Measurement uncertainty estimate.

	Measurement parameter
	Assumption
	Uncertainty Value 

	CLDUTtoNA 
	Agilent VNA N5242A, calkit N4433A

(CL approximately 80 dB)
	0.4 dB

	CLcalibration 
	Agilent VNA N5242A, calkit N4433A

(CL approximately 20 dB)
	0.15 dB

	Air CL variation during test
	estimate
	0.1 dB

	GREFANT
	estimate
	0.6 dB

	Tester DMRS power setting 
	according to source error in TS36.141, table G1.1-1
	0.8 dB

	BS DMRS power measurement
	estimate
	1 dB

	Tester FRC A1 power setting
	according to TS36.141, table G1.2-1
	0.7 dB

	Repeatability
	estimate
	0.2 dB

	Reconnection CL variation
	estimate
	0.1 dB


Using the measurement parameters in table 1, the measurement uncertainty for the coupling losses needed in the calibration, the AAS BS antenna gain estimate and the AAS BS compound reference sensitivity are calculated in table 2. The antenna gain uncertainty applies for bore sight and all directions where the noise floor is not significantly adding to the uncertainty. (I.e. the uncertainty is considerably larger in the nulls. But since reflections around the BS site generally affect the nulls, this uncertainty has no impact on the planning tools prediction capability. Null depths are normally adjusted in the radiation patterns prepared for planning tools to reflect this.)
Table 2: Uncertainty calculation 

	Uncertainty Parameter
	Uncertainty calculation

	CLNAthroughDUT
	CLcalibration uncertainty - CLcalibration uncertainty  (correlated errors)

	CLNAtoREFANT
	RSS(CLNAthroughDUT , GREFANT , Reconnection CL variation)

	GDUT_ANT
	RSS(CLNAthroughDUT , GREFANT , Reconnection CL variation, Tester DMRS power setting, BS DMRS power measurement, Repeatability, Reconnection CL variation)

	Reference sensitivity tester FRC 1A Tx power setting

	RSS(Reconnection CL variation, Tester DMRS power setting, BS DMRS power measurement, Repeatability, Reconnection CL variation, Tester FRC A1 power setting)




Applying the above suggested uncertainty figures and calculations and comparing with the resulting figure for the corresponding legacy BS measurement it is seen that the here proposed method produces an uncertainty of 1.39 dB for the radiated reference sensitivity, whereas the legacy BS and traditional BS antenna CW method produces an uncertainty of 0.93 dB corresponding radiated uncertainty under the assumption that there is no added antenna gain uncertainty with the transition from CW to actual carrier wave form. There have been contributions suggesting this is not the case, [5] and other contributions suggesting the difference is very small, [3], but reliable figures for this difference remain to be produced. However, this assumption does only affect the reference figure and not the uncertainty estimate related to the here proposed method. The added uncertainty in the proposed method is due to the BS DMRS power measurement uncertainty, and the power setting uncertainty in the DMRS power setting in the signal generator. It should be noted that the suggested figures are initial estimates in many cases.
One way of reducing the measurement uncertainty of the proposed method is to replace the DUT antenna gain with the DUT antenna directivity (calculated from the antenna radiation pattern resulting from this measurement) in Equation 4 since this would use the differential uncertainties of the BS DMRS power measurement, and the Tester DMRS power setting in table 2 instead of the absolute uncertainty stated in table 1.. Hereby, the measurement uncertainty would be approximately at par with that of the legacy BS plus antenna. (This would also eliminate the potential temptation for BS manufacturers to underestimate the DMRS power.) However, it may be necessary to introduce an antenna implementation margin of 2 to 3 dB (corresponding to antenna losses and feeder losses in the legacy BS) to make the AAS generally possible to implement in this case.
The proposed measurement method is well applicable for normal test conditions. For extreme test conditions however, the measurement performance is expected to be more affected than the DUT itself with current compact range designs.
6 Observations
· The here proposed measurement method requires from the AAS BS to be capable of reporting DMRS power level. This is not currently a required feature of E-UTRA BS, but it is expected to have little impact on cost structure of the BS to add this capability.

· With the exception that the here proposed method requires for the AAS BS to be capable of reporting DMRS receive power level, existing measurement equipment and measurement methods are applied. 

· The absolute accuracy of the DMRS reporting is not verifiable with the current assumptions. Neither is the relative DMRS reporting accuracy over the 30 dB dynamic range, suggested to be needed for the measurement method.

· The measurement method produces information about the antenna radiation pattern for the receiver at the applied settings, which can be used directly as current radiation pattern information in cell planning tools (subject to data format).

· The measurement method produces a reference sensitivity measurement corresponding to the conducted reference sensitivity measurement applied to an imaginary conductor placed in the place of the antenna array, applying the total coherent combination used in the antenna/receiver setting tested and compensating for the resulting antenna gain. Similar concepts are presented in [7], [8], and, to some extent [9].
· Existing test models are used. 
· The proposed measurement method does not require any change of setting in the receiver during either the calibration or the measurement, thus making sure the radiated spatial properties and the sensitivity measured are indeed applicable for the same setting.

7 Conclusion
· It is demonstrated that a radiated test of reference sensitivity can replace a corresponding conducted test, while reusing, the same requirement 
· It is shown that radiation pattern information for the receiver can be produced using existing test models and signals.

· Only small modifications to the current E-UTRA specifications are required to apply the test. The current type of reference sensitivity requirement for conducted measurements is reused (potentially with the level compensated for the antenna efficiency and feeder loss in the legacy system). 
· The spatial distribution of the radiation is through this method separated from the reference sensitivity requirement itself. (I.e. only one sensitivity requirement is needed, regardless of the number of antenna settings available in the AAS.)
· The test method proposed can link radiation properties and AAS sensitivity in the same way traditional antenna radiation patterns and legacy BS sensitivity are linked.

· Means to verify the DMRS reporting accuracy are missing.
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� This describes the calibrated reference method of antenna gain measurements. In the case of three antenna method coupling loss measurements are equally important, but three unknown antenna gains are resolved from equations describing three coupling loss cases.


� This level is chosen so that the radiation pattern can be measured with at least 25 dB dynamic range in bore sight, while making sure the receiver is not pressed into compression in any way. (I.e. it is assumed the receiver front end is has at least 50 dB dynamic range and less than 20 dBi antenna gain before it.)


� This method assumes the capability of the AAS BS to record and report DMRS levels. This is not currently a requirement in for E-UTRA BS. But it is a feature available in some BS of today.


� This will be the reference sensitivity uncertainty.


� Note that the reference antenna gain error and the NA through DUT CL error are cancelled.


� The power tester DMRS power setting accuracy and the complete FRC A1 Total power setting accuracy are assumed uncorrelated in table 2. This is an unlikely worst case used since the correlation is not known at the time of writing.
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