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1. Introduction

The Reverberation chamber is included in TS34.114 [1] and [2] for TRP and TRS testing of 2G, 3G and 4G user equipment, such as handsets and laptops. It is also frequently used for MIMO testing of such devices and is under evaluation in the MIMO OTA work item [3].
This contribution discusses the use of the RC for OTA testing of base stations. In particular, the Tx conformance testing parameters output power, ACLR and unwanted emissions are studied. Measurements are performed to show that conducted measurements can be translated to the RC OTA domain and still obtaining the same results.
2. Measurement Setup and Procedure
The goal with this study is to compare results from RC OTA measurements of output power, ACLR and unwanted emissions with traditional conducted measurements of the same parameters. Figure 1 shows an overview of the test setup used for the measurements in this study. A BS simulator is connected via a splitter to a mobile phone and two cascaded amplifiers. The mobile phone (located in a shielded box) is used to setup a call and thus fully allocate the LTE signal. The amplifier is used to compress the signal and thus generate impairments. This is needed, since the output signal from the BS simulator is very linear, resulting in very low ACLR levels normally not possible to reach in real base stations with higher output power. In addition to this, a continuous wave (CW) generator is used to generate spuriouses. The signal from the CW generator is combined with the output signal from the amplifier. This combined signal is then fed to the input port of the chamber (position 1 in Figure 1) and injected into the chamber via a real BS antenna located on the turntable (facing towards the center of the turntable). A signal analyzer is connected to the chamber antennas (position 2 in Figure 1) and is used to analyze the transmitted signal from the BS antenna.

A 20 MHz LTE signal with 100 resource blocks (full allocation) on band 3 (downlink channel 1575, 1842.5 MHz) is generated by the BS simulator and the settings are taken from the 3GPP specifications [4] and [5]. One difference to these specifications is that a lower power level is used, which simplifies the measurement setup.

The base station antenna used is an Amphenol antenna with a pass-band of 1710 MHz – 2690 MHz. It is a 4-port cross-polarized antenna with approximately 18 dBi gain.
The basis for the measurement procedure is the normal TRP measurement procedure [1]. Samples of the radiated power from the BS antenna are collected throughout the stirring sequence and averaged to provide the final value. A continuous stirring sequence is used with 200 samples. The power is averaged over the channel bandwidth. The RC used for these measurements is the Bluetest RTS90. This chamber has dimensions 3.3 m x 2.6 m x 4.4 m and has a frequency range of 400 MHz – 6 GHz. Figure 2 shows the corresponding test setup for measurements with two transmitters simultaneously activated. This is a straightforward extension of the test setup with one transmitter, with the same measurement procedures.
Observe that for measurements of real base stations the setup is less complex and equivalent to the setup used for UE testing, as in Figure 3.
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Figure 1   Test setup used for the measurements in this study when having one transmitter activated.
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Figure 2   Test setup used for the measurements in this study with two transmitters simultaneously activated.
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Figure 3   RC test setup for BS testing.
The conducted measurements are performed on the same signal as injected into the chamber. These measurements are performed in position 1 in Figure 1. Thus, the signal analyzer is directly connected to the signal (with impairments) without introduction of the antenna or the chamber wireless interface. In this way, these measurements constitute the reference results, to which the OTA results should align. For the measurements with two transmitters activated, the conducted measurements are performed for each stream individually (position 1 and 2 in Figure 2) and then summed to get the total power injected into the chamber.
The comparison of the OTA results to the conducted results is based on the following relation (see Figure 1).

P2 = P1 - LC - AEB - LA

where

P1 = Power in reference point 1 (Base station output)

P2 = Power in reference point 2

LC = Chamber loss (measured in the usual way with the BS present inside the chamber [1])

AEB = Base station Antenna Efficiency (measured in the RC according to the procedure in [6])

LA = Loss in cable A
The loss in cable D is the same for both measurements and can be excluded.

Power can in this case refer to output power, ACLR power or spurious power depending on the measurement scope. The power level P2 is compared to the power level obtained by conducted measurements in point 1 directly. Ideally, these two power levels should be the same.
3. Output Power
Table 1 shows a comparison of the results obtained for conducted and OTA testing using the approach above for measuring the output power. The results from these measurements show a very good alignment between conducted and OTA results, with an average delta of 0.28 and a standard deviation of 0.07.
Table I. BS output power for the different antenna configurations.

	
	Result [dBm]
	Cable and antenna loss
	Delta

	Conducted MIMO port 1
	4.41
	 
	 

	Conducted MIMO port 1 #2
	4.475
	
	

	Conducted MIMO port 2
	4.34
	
	

	Conducted MIMO port 2 #2
	4.35
	
	

	Total Conducted power MIMO 1+2
	7.38
	
	

	OTA No 1

200 samples
	4.16
	3.58
	0.35

	OTA No 2 200samples
	4.02
	3.55
	0.19


4. ACLR
The ACLR is measured at the same time as the output power using the same procedure. As specified in [4] and [5], a square filter is applied. Table II shows the results for ACLR low side, even though ACLR on both sides of the carrier were measured. The results are shown in dBc, since this is the main unit used for ACLR. As can be seen from these results, the ACLR OTA results align quite well to the conducted measurements, with similar difference compared to the output power measurements. A maximum average delta of 0.15 dB is found for the ACLR high side. The standard deviation is also in the same range, with a maximum of 0.13 dB for the ACLR low side.
Table II. Results from the measurements of ACLR low side. 

	
	Result [dBc]
	Delta

	Conducted MIMO port 1
	-29.86
	 

	Conducted MIMO port 1 #2
	-29.845
	

	Conducted MIMO port 2
	-30.18
	

	Conducted MIMO port 2 #2
	-30.23
	

	Total Conducted power MIMO 1+2
	-30.02
	

	OTA No 1
200 samples
	-29.93
	0.09

	OTA No 2

200 samples
	-30.05
	-0.04


5. Unwanted Emissions

The unwanted emission measurements are carried out by performing accurate TRP-like measurements on the entire frequency range. Even though this means many measurements, acceptable test times of about 5 - 10 minutes can be obtained.
A CW signal generator is used to generate an out-of-band spurious at 5.6 GHz for the first measurement and at 800 MHz for the second measurement. The power level is for the 5.6 GHz spurious set to right above the -30 dBm/MHz requirement limit and for the 800 MHz case right above the -36 dBm/100 kHz requirement. The base station channel power is around -3 dBm for both cases.
The comparison of conducted and OTA results from these measurements can be found in Table III. These are the results after compensation for chamber and cable losses, as well as the antenna efficiency. These results show a delta of 0.4 dB for the 5.6 MHz case and 1 dB for the 800 MHz case. This delta is quite good considering the larger uncertainty of the antenna characteristics and increased reflections when outside the pass-band of the antenna.

Table III. Results from spurious emission measurements for spuriouses at 5.6 GHz and 800 MHz.

	Test Case
	Result [dBm]
	Cable and antenna loss
	Delta

	5.6 GHz, Conducted
	-29.8
	
	

	5.6 GHz, OTA
	-36.8
	7.4
	0.4

	800 MHz, Conducted
	-36
	
	

	800 MHz, OTA
	-56
	19
	1


6. Conclusions
This contribution discusses the use of the RC for conformance testing of base stations. It is shown that metrics presently defined for the base station output port interface can be translated to the Over-the-Air interface and measured accurately. Output power, adjacent channel leakage ratio and spurious emission measurements are performed Over-the-Air with a total radiated power metric, which all show very good alignment with results obtained from conducted measurements. All results also show a small spread, with standard deviations < 0.2 dB.
Based on the results in this study it can be concluded that the reverberation chamber is a promising method for accurate, effective and flexible Over-the-Air testing of present and future base stations. The BS measurement procedures will share the same benefits as traditional UE testing, that is, fast measurement procedures and low complexity in measurement setup. At the same time, it is possible to use the same setup for OTA UE testing on legacy standards as well as LTE. As discussed in [7], the RC also seems to be a promising method for OTA testing at mmWaves, which all in all makes the RC a very comprehensive testing tool.
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