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1. Introduction

The two-stage MIMO OTA candidate methodology currently being studied as part of the MIMO OTA work item has, in its basic form, the effect of excluding the influence of radiated noise on the results. This is due to the antenna pattern measurement being conducted at high power in high SINR conditions. Radiated noise generated either from ancillary equipment such as a laptop or the UE transmitter leaking into the receiver is not included when making cabled throughput measurements in the second stage. 

The concept of elaborating the two-stage method using UE measurements to estimate self interference was introduced at RAN WG4 #62bis in March 2012 in [1].  This contribution provides experimental results on several LTE devices. These results demonstrate that it is possible to estimate receiver noise due to leakage from the UE transmitter into the UE receiver.  This noise estimate can then be used to emulate the effect of self interference during the second stage of the two-stage MIMO OTA measurement process and thus fully emulate the radio conditions seen using methods not based on antenna pattern measurement.
The results in this paper are based on UE estimates of the received SINR. This quantity is not currently a defined UE measurement although it can be related to RSRQ which is defined and reported in 1 dB quantized form. Since SINR is a more direct measurement than RSRQ and is commonly available from UEs via proprietary test interfaces, it is used here for convenience. It is the intent of this work to further elaborate the self interference noise estimation technique to either define an SINR report or make use of the existing RSRQ, possibly in non-quantized form for greater accuracy should that be necessary.
2. Test Setup and SINR Report Accuracy Validation 

2.1 Cable Conducted Test Configuration
The test set-up is shown in Figure 1. The E6621A PXT is the eNB emulator, and the MXAs + PXB + MXGs works as an RF-RF fader, which has option to add controlled AWGN to the downlink to set the received SINR.  

The LTE DUTs used in the experiments have the ability to measure SINR and RSSI during a call. The DUTs used in the experiment were all dongles and so the results were simply logged by the host PC which is considered to be part of the DUT from a radiated noise perspective. Future testing of standalone UE’s will utilize logging that does not require the presence of a laptop PC.
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Figure 1 Cable Conduct Test Platform 

2.2 OTA Test Configuration
The DUT in placed in a standard anechoic chamber and communication established with the eNB emulator using probe antennas. Figures 2 and 3 show the two DUTs for the OTA test case. DUT 1 had a vertical orientation and DUT 2 had a horizontal orientation.
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Figure 2. DUT 1 OTA test setup
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Figure 3. DUT 2 OTA test setup

The DUT reports the SINR and RSSI in the same as for the conducted case. In order to evaluate the impact of noise due to the UE transmitter the DUT is set to operate at its maximum uplink power and minimum uplink power. 
2.3 SINR Accuracy Validation (conducted)
Two different methods were used to validate SINR accuracy. In the first method the downlink power was set to -60 dBm and the SINR was varied using the AWGN source in the channel emulator. The results are plotted in Figure 4 and the resulting linearity in Figure 5.
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Figure 4 DUT 1 Reported SINR as a function of downlink SINR
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Figure 5 DUT 1 SINR linearity as a function of downlink SINR

Figure 5 indicates that the UE reported a stable SINR over a range of 25 dB from -10 dB SINR to +15 dB. It is likely it would have continued to provide stable reports to lower SINR levels. Over the flat range there was a systematic offset of around +1.3 dB. At higher SINR levels the linearity no longer holds. This is likely due to digital quantization limitations in the resolution of the UE receiver. SINR estimation is most useful at lower levels and the systematic offset can be measured over at least the 25 dB range from -10 dB to +15 dB SINR. 
The second validation method was to switch off the AWGN and log the UE reported SINR as a function of downlink power. The results for this are shown in Figure 6 with the estimate of receiver noise (downlink power – reported SINR) plotted in Figure 7.
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Figure 6. DUT2 SINR as a function of downlink power level 
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Figure 7. DUT2 SINR linearity as a function of downlink power level 

Figure 7 shows that with the exception of one outlier at -115 dBm, the UE was able to report a stable SINR over the range -112 dBm to -85 dBm. Any SINR measurement made over this received power range resulted in an estimate of UE receiver noise of -104 dBm or 102.7 dBm if the systematic SINR error is calibrated out using the much more accurate AWGN SINR reference. As seen with Figure 5 where the reported SINR started to become nonlinear above 20 dB, the same effect is seen in Figure 7 where at received powers of above -85 dBm (SINR = 21 dB) the estimate of receiver noise is seen to increase due to saturation in the SINR measurement.

By providing a very accurate SINR to the DUT and verifying the UE’s ability to report SINR over a wide dynamic range it can be seen that the UE, within the systematic error observed, is capable of accurately measuring SINR. By further providing the UE with a known downlink power, the UE’s SINR measurement can be used to estimate the receiver noise. The absolute accuracy of this estimate will be the sum of the uncertainty in the downlink power plus the uncertainty in the AWGN. The systematic error reported by the UE can be calibrated out against the much higher AWGN SINR accuracy.
3.  Self-Interference Measurement Results

Uplink signal interference analysis

In order to evaluate whether the uplink signal will influence the downlink signal quality, the DUT measures RSSI and SINR first for the UE set to its maximum uplink power and then its minimum uplink power. The downlink power for this test was held constant but the test was repeated for both vertical and horizontal polarization to see if this had any effect. 

For DUT 1, the difference between maximum and minimum power was 20dB, for DUT 2, the difference between maximum and minimum was 38 dB. 
Table1. RSSI &SINR for DUT1 (500 measurements)
	Uplink Power

(dBm)
	Pol.
	RSSI 1

(dBm)
	RSSI 2

(dBm)
	RSSI 1 Var
	RSSI 2 Var
	SINR 1 (dB)
	SINR 2 

(dB)
	SINR 1 Var
	SINR 2 Var
	Noise 1 (RSSI1 – SINR1)
	Noise 2 (RSSI2 – SINR2)

	21
	H
	-92.01
	-89.48
	0.0030
	0.0077
	11.57
	13.73
	0.0352
	0.0512
	-103.58
	-103.21

	1
	H
	-92.01
	-89.50
	0.0025
	0.0001
	11.66
	13.99
	0.0353
	0.0489
	-103.67
	-103.49

	1
	V
	-84.50
	-81.00
	0.0001
	0.0001
	20.25
	22.72
	0.0421
	0.0483
	-104.75
	-103.72


Table2. RSSI &SINR for DUT2 (500 measurements)

	Uplink Power

(dBm)
	Pol.
	RSSI 1

(dBm)
	RSSI 2

(dBm)
	RSSI 1 Var
	RSSI 2 Var
	SINR 1 (dB)
	SINR 2 

(dB)
	SINR 1 Var
	SINR 2 Var
	Noise 1 (RSSI1 – SINR1)
	Noise 2 (RSSI2 – SINR2)

	22
	H
	-86.27
	-81.70
	0.2858
	0.2246
	15.60
	21.08
	0.0592
	0.0249
	-101.87
	-102.78

	-2
	H
	-85.79
	-81.06
	0.3522
	0.2665
	16.12
	21.91
	0.0659
	0.0267
	-101.91
	-102.97

	-16
	H
	-86.11
	-81.26
	0.1498
	0.1110
	15.96
	21.94
	0.0545
	0.0254
	-102.07
	-103.2

	22
	V
	-83.12
	-81.31
	0.0065
	0.0065
	17.88
	21.57
	0.0495
	0.0240
	-101.00
	-102.88

	-2
	V
	-83.65
	-81.75
	0.3950
	0.3992
	18.17
	21.28
	0.0642
	0.0258
	-101.82
	-103.03

	-16
	V
	-83.85
	-82.01
	0.1514
	0.1548
	18.59
	21.40
	0.0487
	0.0273
	-102.44
	-103.41


From the results it can be seen that the noise estimate increases as expected with increased UE transmit power. Also as would be expected for radiated interference, the effect varies between the antennas. There is also sensitivity to polarization which needs further investigation. The degradation seen here due to UE transmit power is less obvious due to the static effect of the laptop noise which is more apparent when comparing the conducted and OTA results in the next section.
Analysis of OTA vs. conducted SINR results 
The RSSI-SINR curve for the cable-conducted case from section 2.1 is plotted again in Figure 8 and Figure 9 for DUT1 and DUT2 respectively. The OTA RSSI and SINR points from Table 1 and Table 2 are also plotted on same figures. By comparing the SINR difference at the same RSSI level we can evaluate the OTA performance loss compared with the cable-conducted case, and then use this number to do further calibration. 
Figure 8 shows there is about 2dB loss on main antenna port and 4dB loss on sub antenna port for DUT#1. Figure 9 shows there is about 4dB loss on both antenna ports for DUT#2.
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Figure 8 DUT1 reported SINR versus reported RSSI for conducted and OTA
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Figure 9.  DUT2 reported SINR versus reported RSSI for conducted and OTA
A similar phenomenon of SINR degradation was observed in the Round Robin DUTs from the study phase. Figure 10 shows the comparison of cabled SINR vs. RSSI and OTA SINR vs. RSSI for pool 3 DUT1.
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Figure 9 Round Robin Pool3 DUT1 cabled vs. OTA SINR vs. RSSI
4. Conclusions 
By utilizing the UEs RSSI and SINR measurement capability, the degradation in OTA performance due to self-interference can be estimated by comparing with the cable connected case. This contribution provides experiment results on two LTE devices. These results demonstrate that on these DUTs, the OTA case exhibits SINR degradation of up to 4 dB, depending on DUT and antenna. From this degradation the radiated component of interference can be estimated and used in the second-stage of the MIMO OTA throughput test to take into account the impact of radiated self interference. 
Further work to fully characterize this capability is ongoing with the intention of comparing traditional radiated desense results with those obtained using SINR measurements and the two-stage method.
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