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Background

MIMO OTA testing is being researched extensively under 3GPP RAN4. Several MIMO OTA test methods have been proposed and studied. The Two-stage method based on antenna pattern measurement is one candidate method. This needs support in the baseband chipset to measure relative power and phase of the antenna elements in order to calculate the antenna pattern without using intrusive means. There have been questions regarding the required measurement performance of the chipset and how that might impact the overall MIMO OTA test accuracy. The contribution is split into three main experiments:

1. Test to validate UE RSSI linearity and relative phase measurement accuracy
The primary purpose of this contribution is to validate the UE’s ability in its baseband to measure the amplitude and phase of the signals arriving at each antenna connector. This is done by galvanic connection of known signals to the UE temporary antenna connector ports (as used for conducted conformance testing) in order to validate the baseband measurement capability.
2. Test to measure the antenna pattern with both traditional passive and UE active measurement

In addition this contribution provides radiated antenna pattern measurements on the same sets of antennas by using both traditional passive antenna measurement methods and the proposed non-intrusive method as described in [1]. 
3. Test to explore the antenna pattern measurement accuracy on overall MIMO throughput
Based on the pattern measurement results, further analysis is done to explore the antenna pattern measurement accuracy on overall MIMO OTA performance.
 Test descriptions
1) Test setup to validate UE RSSI linearity and relative phase measurement accuracy
The test setup is shown in Fig.1. It consists of an Agilent E6621A base station emulator, an Agilent N5106A channel emulator, two Agilent E4438C RF signal generators and two Agilent N9020A RF spectrum analyzers. The channel emulator is configured to have a one by two configuration, where two static channels with known power and phase difference are emulated. These two signals are galvanically connected to the UE temporary antenna connectors, bypassing the antennas. The UE establishes a connection with the base station emulator and measures the power received at each antenna connector and the relative phase. The output power for each channel and also the relative phase offset is then varied to assess the linearity of the UE’s measurements.
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Fig.1 test setup for UE RSSI and relative phase measurement accuracy validation
2) Test setup to measure the antenna pattern with both traditional passive and UE active measurement

Passive antenna pattern measurement can be carried out in a certified chamber of the type used for SISO OTA validation. The chamber used was equipped with multiple probe antennas and fast RF switches to speed up the measurements. The antenna is placed inside the chamber and the antenna pattern is measured by using RF signal generator and spectrum analyzer. One of the antennas measured inside the chamber is shown as in Fig.2. The antenna measurement results are calibrated with a reference dipole antenna measured at the same carrier frequency with known gain.
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Fig.2 Reference dipole array measured inside the chamber with passive antenna measurement method
The active antenna pattern measurement setup is also done inside a similar chamber. The setup consists of an Agilent E6621A LTE base station emulator, one power amplifier (PA), and the UE with antenna pattern measurement capability. The PA is used to control the downlink power but for simplicity, the PA is not shown in Fig.3. The external reference antennas are connected to the device through RF cables using the temporary antenna connectors. This kind of connection bypasses the antennas of the UE but enables using external reference antenna as the antenna. Using this configuration the UE can be used to measure the external reference antennas actively.
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Fig.3 Active antenna pattern measurement setup.
The original intention was to use the same chamber for the passive and active antenna pattern measurements. However, at a very late stage in the testing it was discovered that the PA, which is useful but not essential for the passive measurements, became faulty. Thus for the active antenna pattern measurements we were forced to switch to a chamber with a single probe antenna whose polarization was manually controlled with control software. There was not time to repeat the passive measuremetns in the second chamber and so some of the differences between passive and active results will be due to the chamber. This situation will be remedied in the future.

Another slight difference between the active and passive setups is that for the time being a laptop is needed to connect to the UE with antenna measurement capability. To minimize the impact of the laptop on the antenna pattern measurement results, the laptop is placed much lower than the external reference dipole array under test as shown in Fig.4. It is understood this is not ideal since the RF cables will an impact on the antenna pattern but for the purposes of this experiment only, it was shown the impact was not significant.

More controlled methods comparing passive and active pattern measurements eliminating the above two issues will be studied.
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Fig.4 active antenna pattern measurement setup
In this particular implementation of the UE pattern measurement capability the UE does not have information of its orientation relative to the test signal but instead continuously logs the antenna pattern measurement results and coordination between the logged data and the known UE orientation is done using power shifts in the downlink to create markers in the logged data. Using manual control of polarization the entire 3D antenna pattern measurement takes less than 10 minutes. In the future, the control can be automated and the antenna pattern test can be much faster. 
3) Test Setup to explore the antenna pattern measurement accuracy on overall MIMO throughput
Once the antenna patterns of the external reference antennas have been measured using passive and active methods, further simulation was performed to compare the antennas using performance metrics like channel capacity under given channel models. Furthermore, the predicted throughput using both passive and active pattern measurements can be compared to indicate the sensitivity of this end-to-end metric on pattern measurement accuracy. The throughput test setup using two-stage method is shown in Fig.5.
[image: image5.emf]
Fig.5 two-stage throughput test setup to evaluate antenna measurement accuracy impact
4) External reference antenna arrays
In the experiment two external reference antenna arrays are used. One is the dipole array with half lambda distance and the other is the dipole array with one lambda distance. One picture of half lambda dipole array is shown in Fig.2. The carrier frequency of measurement is chosen to be 2140MHz.
 Measurement Results
1) UE RSSI and relative phase measurement accuracy.
For a given output power of the two signal generators as shown in Fig.1, a large number of RSSI and relative phase measurement results were captured using the UE antenna pattern log control software. The distribution of the measured RSSI values and the relative phase are shown in Fig.6 and 7, respectively.
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Fig.6 RSSI measurement result distribution for received power from -30dBm to -70dBm
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Fig.7 Relative phase measurement result distribution at output power -50dBm.
From Fig.6 and 7, it can be seen that when the received power is well above reference sensitivity, the RSSI and also the relative phase measurement is very stable and the measurement results have a very narrow distribution in the range +/- 0.1 dB. Further analysis checks the RSSI relative linearity versus received power. The test results are shown in Table.1.
	ESG #0 Output Power
(dBm)
	ESG#1 Output Power
(dBm)
	Measured
RSSI_RX0
(dBm)
	Measured
RSSI_RX1
(dBm)
	RSSI_RX0 Power Step Error
(dB)
	RSSI_RX1 Power Step Error
(dB)
	RX0 – RX1
	Relative Linearity

	-30
	-30
	-31.43
	-30.18
	0
	0
	-1.25
	0

	-40
	-40
	-41.29
	-40.04
	0.14
	0.13
	-1.25
	0

	-50
	-50
	-51.6
	-50.51
	-0.17
	-0.33
	-1.10
	0.15

	-60
	-60
	-61.59
	-60.29
	-0.15
	-0.11
	-1.30
	-0.05

	-70
	-70
	-71.68
	-71.59
	-0.25
	-1.41
	-0.10
	1.15

	-80
	-80
	-81.63
	-81.64
	-0.19
	-1.46
	0.02
	1.27

	-90
	-90
	-90.51
	-90.97
	0.92
	-0.79
	0.46
	1.71


Table.1 RSSI test results relative to output power
As can be seen, the relative linearity is excellent down to -60 dBm. In the active antenna pattern measurement experiments, the output power of the probes was set well above -60 dBm to ensure the most accurate results. The absolute power measurement accuracy is not critical hence there was no attempt made to accurately match the two channels as can be seen by the up to 1.5 dB difference in measured power. All absolute level errors can be calibrated out by reference to the known accuracy of the chamber and reference antennas.
2) Antenna pattern measurement results
The passive antenna measurement of the 3D antenna pattern of the two reference dipole arrays (0.5 lambda and 1 lambda) was measured. The results for theta=90 are shown in Fig.8.
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Fig.8 0.5 lambda and 1 lambda dipole array antenna pattern using passive measurement method (theta=90)
The antennas were also measured using the active method. The results for theta=90 are shown in Fig.9.
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Fig.9 0.5 lambda and 1 lambda dipole array antenna pattern using active measurement method (theta=90)
Note that due to having to use two different chambers it was not possible to align the starting angle and an arbitrary phase shift of about 90 degrees can be seen. The active and passive measurement results are similar but there are some differences. It is assumed most of this is due to the differences described in the measurement setup above but this will be further investigated. To evaluate the significance of the difference in the passive and active measurements, the channel capacity under several MIMO OTA channel models was simulated and compared. The comparison results for the 0.5 lambda at SNR=25 dB are shown in Fig. 10. It can be seen that the channel capacity for active and passive antenna pattern measurement results under the same channel model are comparable but with some slight differences. For the 1 lambda case, the results are similar and to save space, are not shown here. The average channel capacity and standard deviation of the active and passive antenna measurement results under different channels are provided in table 2 and table 3 to show the quantitative difference respectively. It can be seen that active and passive antenna measurement results are very close to each other from the metric of channel capacity and standard deviation of channel capacity.
[image: image10.emf]-200 -150 -100 -50 0 50 100 150 200

10.5

11

11.5

12

12.5

13

Antenna Orientation

Capacity (b/s/Hz)

 

 

Active, UMa

Active, SC-UMa

Active, UMi

Active, SC-UMi

Passive, UMa

Passive, SC-UMa

Passiv, UMi

Passive, SC-UMi


Fig.10 Channel capacity comparison for active and passive antenna pattern measurement results (0.5 lambda, at SNR=25dB)
	capacity(b/s/Hz)
	0.5 lambda dipole. Active
	0.5 lambda dipole. Passive
	1 lambda. Active
	1 lambda.   Passive

	UMA
	12.49
	12.44
	12.66
	12.51

	SC-UMA
	11.94
	12.17
	12.46
	12.38

	UMi
	12.31
	12.37
	12.6
	12.42

	SC-Umi
	11.94
	12.15
	12.45
	12.36


Table.2 average channel capacity for active and passive antenna measurement results at SNR=25dB for all antenna orientations in the azimuth plane
	STD (b/s/Hz)
	0.5 lambda dipole. Active
	0.5 lambda dipole. Passive
	1 lambda. Active
	1 lambda.   Passive

	UMA
	0.21
	0.21
	0.17
	0.14

	SC-UMA
	0.47
	0.55
	0.37
	0.38

	Umi
	0.29
	0.4
	0.21
	0.31

	SC-Umi
	0.47
	0.53
	0.37
	0.37


Table.3 standard deviation of channel capacity for active and passive antenna measurement results at SNR=25dB for all antenna orientations in the azimuth plane
3) By using the two-stage throughput test setup, the impact of the active and passive antenna measurement results on throughput are further evaluated. Two MIMO OTA channel model, SCME urban micro and SCME urban macro are used to do the evaluation. The LTE MIMO OTA test eNodeB configurations in [2] are used in the throughput test. The test results for 0.5 lambda dipole array are shown in Fig. 11.
[image: image11.emf]-88 -86 -84 -82 -80 -78 -76 -74

0

5

10

15

20

25

 

 

X: -80.89

Y: 21.09

Power (dBm)

Throughput (Mb/s)

Active, UMa

Active UMi

Passive, UMa

Passive, UMi


Fig.11 0.5 lambda reference dipole array active and passive antenna test results on throughput
From Fig.11, it can be seen that the maximum power difference for the same throughput for the same channel model between the active measurement results and the passive measurement results is just under 1dB for Uma and just over 1 dB for UMi.
The throughput test results for the one lambda dipole array are shown in Fig.12.
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Fig.12 one lambda reference dipole array active and passive antenna test results for throughput
For the one lambda dipole array, the throughput test results for active antenna measurement results and passive antenna measurement results agree better than for the 0.5 lambda case. For the UMa channel model, the active and passive test results are almost identical. For the UMi model, most of the results have difference much less than 1 dB.
When it is considered that there were unavoidable differences in the passive and active measurement setups, the consistency in the results is remarkable. This preliminary evaluation indicates the robustness of active UE pattern measurement as a means of predicting throughput.
Summary and Discussion

In this contribution, the UE antenna pattern measurement capability has been evaluated by comparing it with the traditional passive approach. The main findings of this evaluation are:

1. The relative accuracy and linearity of UE amplitude and phase measurements was seen to be <0.1 dB from -30 dBm to -60 dBm and 1 degree at -50 dBm.
2. The antenna patterns measured by passive and active methods were similar. There were unavoidable differences in the passive and active test setup caused mainly by having to switch chambers during the experiment due to equipment failure.
3. Despite the known differences in test setup, the predicted MIMO channel capacity for the two different pattern measurement methods was under 2% at 25 dB SNR averaged over all orientations in the azimuth plane. The maximum difference in power level for the same throughput for all cases was around 1 dB or less.

The conclusion of this preliminary evaluation of active, (non-intrusive) UE antenna pattern measurement capability is that the results indicate remarkable consistency between active and traditional passive pattern measurement techniques. Passive techniques do not lend themselves to MIMO OTA due to the antenna ports not normally being accessible, but by showing consistency between passive and UE-assisted active antenna pattern measurement methods, there exists opportunity to continue to evaluate pattern-based metrics and the two-stage MIMO OTA method.

Future studies will aim to remove the known issues with differences in the passive and active the measurement setup which will have added avoidable uncertainty to this analysis.
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