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1. Introduction

RSRQ, as a standardized metric, is required to be reported by the LTE DUT. Utilizing this ability the devices’ self-interference or de-sense performance may be evaluated by comparing the RSRQ number reported under a conducted case from the value reported for OTA test conditions. From noise measurements made at low downlink power and high UE TX power it is possible to calculate the level of the UE’s TX signal which is radiating into the UE receiver. This signal can then be added into the ideal signal used in the two-stage method for the second stage throughput measurement in order to emulate the impact of self-interference in the DUT. 

This contribution is the first of several papers to investigate this approach for measuring self- interference. It provides analysis of RSRQ and SINR measurement results reported by several LTE devices. The results demonstrate that the reported results are stable and have good linearity, which means they have potential to evaluate the self-interference. 
2. Measurement Setup and Test Procedure 
Test Platform

The test set-up is shown in Figure 1. The E6621A PXT is the LTE eNB emulator; the MXA + PXB + MXGs work as RF-RF fader, which has the option to add an AWGN signal to create a known SINR.  The software installed on the PC can log the measured RSRQ number from the DUT or it can be retrieved via L3 from the PXT through scheduled measurement reports.
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Figure 1 RSRQ Accuracy Validation Platform

Test Procedure

Two kinds of validation have been carried out: a) RSRQ measurement stability and accuracy validation b) RSRQ measurement linearity validation.

For stability validation the test procedure is as follows:

1) Set downlink to TM1 

2) Set the fading to “pass through” (no fading) 
3) Set the MXG output power for the desired downlink signal power
4) Establish a connection between the PXT and DUT and enable RSRQ logging. 
5) Log the RSRQ measurement results and do post-processing.

To evaluate the RSRQ linearity, the MXG power and then the AWGN function of the PXB is used to sweep the SINR across the desired range while logging the RSRQ. 
3. Test Results
Three DUTs were evaluated, and they were found to have similar performance. Table 1 and Figure 2 are from DUT #1, Figures 3 to 5 are from DUT #2, and Figure 6 is from DUT #3.
3.1 Stability Validation
For stability validation, the PXB AWGN was turned off, which means no external noise is added to the received signal. The MXG output signal power was set to -80 dBm, and multiple 150 RSRQ measurements were logged. Then the MXG power was set to -90dBm, and further 150 RSRQ results logged. The test results’ statistical property is summarized in Table 1, the multiple test results’ probability density is plotted in Figure 2. 
Table 1 RSRQ Measurement Results
	MXG Power (dBm)
	Mean of Measured (dB)
	Variance of Measured (dB)

	-80
	-9.1523
	0.0270

	-90
	-18.3428
	0.0817
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Figure 2 Measured RSRQ Probability Density

The variance over 150 measurements is less than 0.1 in Table 1, and the probability density in Figure 2 is narrow, which demonstrates the RSRQ measurement stability. When shift MXG power from -80 dBm to -90 dBm, the measured RSRQ average number is shifted about 9.2dB, which is about 0.8dB offset indicating that self noise in the DUT is probably affecting the result which at these low power is to be expected.
3.2 Linearity Validation
For linearity validation two experiments were carried out. First, the AWGN function on PXB was switched off and the MXG’s output power was tuned from -84dBm to -100dBm in steps -2 dB. Figure 3 shows the recorded RSRQ results which are seen to drop in 2 dB steps. Figure 4 plots the averaged RSRQ results per step vs. the downlink power extracted from Figure 3. Figure 5 shows the offset from the expected 2 dB difference per step. These figures demonstrate the RSRQ measurement has very good linearity and this was also found to be true on the other  two DUTs. 
Note in Figure 3 that there are occasional spikes in the RSRQ results. This inidcates expected quantization of the result into 1 dB steps as per the definitno of RSRQ. Many UE also provide logging of SINR resutls which are not quantized but re based on the same underlying meausurement algorithm as RSRQ. A non-quantized SiNR measurement is will be useful for validting linearity and accuracy. 
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Figure 3 Original RSRQ Recording for One DUT
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Figure 4 RSRQ vs MXG Power Linearity Curves
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Figure 5 RSRQ Offset

An example of non-quantized SINR measurements was also carried out to evaluate the absolute accuracy of the UE’s ability to measure SINR without quantization effects. The MXG output power was set to -60dBm and the AWGN in PXB was set for an SINR of 0 dB and then 10 dB. The test results’ statistical property for 150 measurements is summarized in Table 2, the multiple test results’ probability density is plotted in Figure 6. 

Table 2 SINR Measurement Results
	SNR Setting on PXB (dB)
	Mean of Measured (dB)
	Variance of Measured (dB)

	0
	1.4015
	0.0409

	10
	11.4228
	0.0234
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Figure 2 Measured SINR Probability Density

From Table 2 the variance is less than 0.05, and the estimated probability density shape in Figure 6 again shows very stable results. With the shift in SINR of 10 dB the SINR changed by 10.02dB, which can prove the SINR measurement is very accurate. The absolute shift of 1.4 dB requires further investigation and is probably due to the precise definition of SINR used in PXB vs. what the UE used to calculate SINR.
4. Conclusions 

This paper has shown that the UE has intrinsic capability through RSRQ and in some cases through additional SINR logging capabilities to accurately assess the SINR conditions on the downlink. This capability can be utilized during a UE antenna pattern measurement made at low downlink power and high UE TX power to evaluate the level of signal leakage from the UE transmitter to the UE receiver. By comparing this leakage to what is reported under the same downlink conditions using a cabled connection it will be possible to calculate the level of the radiated signal leakage as a function of direction and then add this into the signal used for the second stage of the two-stage method to emulate the effects of radiated self interference.

Further work to evaluate this self-sensitization approach will be done in future contributions.
5. Reference

[1] 3GPP TR 37.976, “Measurement of Radiated Performance for MIMO and Multi-antenna reception for HSPA and LTE terminals”
Shift 10.02 dB








