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1.
Introduction
At the RAN4 meetings discussions regarding EIRP and EIRS as new radiated RF core requirements for AAS BS were held. Several questions regarding topics such as: definitions, measurement accuracy, test-range calibration, related to EIRP and EIRS were raised. This paper will from a test perspective describe how EIRS can be defined and measured in an antenna test range.

Currently EIRP is defined and well known in the industry so this contribution will focus only on EIRS. This contribution will continue the discussion initiated in reference document [1, 2 and 3] about the definition of Equivalent Isotropic Radiated Sensitivity (EIRS) as a radiated equivalent to conducted reference sensitivity.
2.
Discussion
EIRS was first introduced in AAS SI in [3] and defined in [2]. EIRS is the equivalent to EIRP capturing BS UL characteristics. Similar to EIRP will EIRS capture both transceiver and antenna characteristics in one figure of merit capturing receiver characteristics for the whole AAS BS. 
The mathematical formula relating EIRS and receiver array reference sensitivity and antenna array gain can be  expressed as a function of received power and antenna gain and loss factor described in [2] as:
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 is the total received power by all receivers in the receiver array before the detector, 
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 is the UL array antenna gain as function of 
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 is a matching efficiency factor related to total matching loss between receiver array and antenna array. Since it is difficult to characterise the total received power, antenna array gain and matching factor individually it is suggested to define a radiated test capturing the whole AAS BS receiver characteristics in far-field as EIRS.
Conducted reference sensitivity is defined as a minimum requirement per receiver port for a non-AAS BS. For an AAS BS several receivers could be used to create a beam as described in [6]. A typical case where the concept of a virtual beam could be applied is for cell-specific beam forming creating coverage for reference and broadcast signals. 
EIRS can be measured in a calibrated antenna test range using the same approach as for conducted testing of reference sensitivity, where the threshold is found by controlling the output power of the reference test signal. When the threshold is found the received EIRS level is stored together with 
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 and frequency. The process is repeated for different angles until the minimum EIRS is found. The spatial sampling grid and reference signal amplitude step size will determine the overall time required for the test. 
The total receiver power 
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 at the detector will directly steer the link quality in terms of throughput or BER. Required figure of merit defined for reference sensitivity according to section 7.2 in TS 37.104 is listed in table 2.1. 
Table 2.1: Reference sensitivity for different RAT
	RAT
	BS Class
	Reference measurement channel
	Figure of merit
	Threshold

	UTRA FDD
	Wide Area, Medium Range, Local Area, Home
	12.2 kbps
	BER
	BER shall not exceed 0.001

	E-UTRA 
	Wide Area, Medium Range, Local Area, Home
	FRC according to Annex A.1 in 36.104
	Throughput
	The throughput shall be 
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95% of maximum throughput


It can be noted from the table above that different figure of merit for reference sensitivity is used for UTRA and E-UTRA, however the measurement process is very similar. The reference signal is adjusted in steps until the threshold is passed. This means that the AAS BS together with or without test equipment must be able to calculate BER for UTRA and throughput for E-UTRA.
A crucial step measuring EIRS in an antenna test range is the range calibration. With a two-axis positioner setup, it is quite straightforward to perform general EIRS measurement or a pattern measurement and determine a variety of relative data such as 3 dB beam-width, front-to-back ratio and directivity. However, before accurate measurement of absolute values such as EIRP and EIRS, it is necessary to perform an antenna range calibration to correct for various, such as path loss, cable loss and other effects affecting the final result. Normally this calibration is done using a reference antenna with known gain characteristics (typically a standard gain horn). The reference antenna is mounted at the centre of the positioner as the Antenna Under Test (AUT) and adjusted to be at bore-sight level with the receive antenna. The reference calibration is repeated for each polarization of the receive antenna, with the reference antenna polarized parallel to the corresponding receive element. Figure 2.1 shows a typical range-calibration setup and calls out various components that are included in the measurement. Typically, a signal generator or the output of a network analyser is connected to the reference antenna by one or more cables, possibly through a power amplifier. The receive antenna is connected to a receiver or the input of a network analyser through one or more additional cables, possibly through a preamplifier. 
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Figure 2.1: Antenna test-range gain calibration for EIRS
The power at the transmit antenna input port 
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 is given in terms of the signal generator output 
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where 
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 is the gain of the power amplifier, 
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 are the cable losses of the corresponding transmit cables. The power at the measurement receiver 
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 is given in terms of the power at the receive antenna output port 
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where 
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 is the gain of the preamplifier, 
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are the cable losses of the corresponding receive cables.

The Friis transmission formula gives the interaction between two antennas in the far-field:
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where 
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 is the power measured at the receive antenna output port, 
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 is the power measured at the transmit antenna input port, 
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 is the gain of the transmit antenna, 
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 is the gain on the receive antenna, 
[image: image29.wmf]l

 is the wavelength and 
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 is the separation between the two antennas. If measured gain values are used, it is important to know how those gain values were determined and whether they already contain a contribution from VSWR. In the definition of gain in reference document [1] the gain is defined excluding matching loss. If matching loss is included then the correct term is realized gain. Because any calibration technique is inherently governed by this same formula, the resulting gain will be different depending on whether VSWR effects have been accounted for separately. If not, the gain will be changed simply by the ratio of net power to forward power. An impedance mismatch is just as likely to happen with the receiver antenna leading to similar measurement issues, but it would not be as easy to observe directly because, in this case, the reflected energy would be reradiated. There is no good way of measure the forward and reflected received energy. However, the VSWR of the receive antenna can be used to determine this effect. Fortunately, the gain of the receive antenna does not need to be known exactly because it will be measured as part of the range calibration process. As indicated in figure 2.1, other factors are typically involved in the measurement, unless power meters and directional couplers are used right at the antennas to measure the net transmitted and received power. These factors include cable losses and the gain of any amplifier or preamplifiers. To minimize the uncertainty of the resulting measurement, it is usually desirable to perform the range calibration with all cables in place and use the same configuration for both calibration and pattern measurements. Should any component be changed or damaged, the entire calibration must be redone. It is possible to perform individual calibrations on various system components, but each additional measurement increases the total measurement uncertainty involved. Therefore, it is preferable to calibrate the system as a whole. A calibrated signal generated is used to feed the measurement antenna, while receiver the signal at the reference antenna (standard gain horn). The difference between the signals applied to the receiver signal will be used as a conversion factor to calculate the calibrated EIRS value.
If the test-range performance in terms of quiet zone ripple is sufficient, as discussed in a companion contribution [4] and the test range is calibrated EIRS can be measured with high accuracy. It must be noted that this is not the standard procedure for an EMC test chamber. The measurement procedure related to EIRS are very similar to the one already defined by 3GPP for UE TRS.
However, currently several issues remain open:
· Test channel to be used. One way forward could be to use the same RMC as for conducted reference sensitivity testing. 

· Find a way of defining measurement accuracy so several test-ranges can be adopted for conformance testing.

· Number of frequency channels per frequency band. One way forward could be average over low, mid and high frequency channel.

· A test interface for synchronization of DUT and test range could be required. Further studies in this area are required.

These issues and others must be solved in the work defining a test method for EIRS testing.
3.
Declaration and test configurations for receiver sensitivity

Another issue of interest is how to define a configuration for testing EIRS that provides a meaningful requirement that is reasonably generic despite the potentially wide variation of AAS implementations and applications. This issue is discussed further in a companion contribution [6], however it is useful here also to summarise.

The purpose behind setting a requirement on EIRS is to have a characterisation of the combined performance of the transceiver array, RDN and antenna array that enables an operator to carry out planning. As discussed in [7], when active beamforming is used it is not sufficient or possible to predict radiated sensitivity from conducted measurements, since the radiated performance is a product of the whole system performance, and subsystems cannot be separated as is the case for passive systems.

Potentially, AAS systems can do combining in the RDN, or between transceivers and baseband, or in the baseband. What is of interest for an EIRS requirement is to characterise what the minimum needed signal level is within an area within which cell wide coverage is meant to be present. Thus in principle a minimum sensitivity should be declared and tested that corresponds to likely configurable cell coverage areas; i.e. over a defined horizontal and vertical steering range from the antenna boresight.
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An EIRS requirement should actually be an EIRS accuracy requirement. Since there exist a large variety of different antenna configurations and antenna gains, setting a conducted reference sensitivity and fixed radiated sensitivity would effectively standardise the antenna gain, which would not be desirable. Thus the vendor should declare the radiated sensitivity, and the requirement should be on the accuracy with which it is met.

Different types of implementation may perform different types of receiver processing. The intention with this requirement is to declare and test the minimum sensitivity such that cell planning can be carried out. Since the sensitivity is declared, different types of receiver processing can be accommodated. The performance and accuracy of advanced receiver techniques that maximise SINR in the presence of multiple interferers is not captured and not intended to be captured with this requirement, which relates to minimum signal level.

3.
Conclusion

This contribution describes the background to EIRS as a radiated equivalent to reference sensitivity. Testing of EIRS is adopted by the industry today. There are many strong relations to UE TRS testing already included in the 3GPP scope today. To be able to measure EIRS with acceptable accuracy a calibrated antenna test rage is required. 

EIRS should be declared and tested within a beam steering range within which cell wide coverage should be provided. The requirement will be on the accuracy with which a declared EIRS is met. Thus, flexibility to accommodate different implementations is available whilst a requirement is defined which enables coverage planning.
There are still several open issues related to signal condition to be used together to the overall test scope related to EIRS to be defined or studied further.
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