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1. Introduction

UE desensitization due to broad band noise caused by either by the UE interfering with itself or by other electronic equipment within close proximity (like a notebook PC) have proven to add to the uncertainty when comparing radiated performance obtained using different test methods. This paper presents a method for quantifying the level of radiated vs. conducted interference in any test setup. This estimate can then be used for a variety of purposes including enabling the two-stage MIMO OTA test method to account for radiated interference. 
The paper shows how UE RSRP and RSRQ measurements are used to estimate self interference for a specific UE in conducted and radiated setup. Throughput is used as the measurement metric and the results are verified using noise injection using the two-stage method.   This paper is based on the initial work in [1].
2. Noise and interference estimate using RSRP and RSRQ

From 36.133 the following definitions are used:

Ês Received energy per RE (power normalized to the subcarrier spacing) during the useful part of the symbol, i.e. excluding the cyclic prefix, at the UE antenna connector. 
Iot:  The received power spectral density of the total noise and interference for a certain RE (power integrated over the RE and normalized to the subcarrier spacing) as measured at the UE antenna connector. 

Both Iot and ES are measured in a 15 kHz bandwidth. 
Iot is estimated based on RSRP and RSRQ measurements. 

RSRQ is defined as 

[image: image15.png][ap] D¥sY



                                                            Equation 1

Where  NRB is the number of used resource blocks. Assume ES = RSRP is the signal power and Iot is the noise power over one subcarrier, then  
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                                     Equation 2

Where NRE is the number of active resource elements within each resource block. The reason for multiplying Iot by 12 is that the noise and interference are independent of the number of used resource elements.  

Inserting Equation 2 into 1, RSRQ becomes:
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          Equation 3

Isolating Iot and replacing Ês with RSRP:
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                                                         Equation 4

The interference estimate will be wideband. 
3. Noise estimation validation by adding external noise 
The noise estimate validation setup is shown in Figure 1. To validate the method and select an appropriate RSRQ to be used for noise estimation, an AWGN generator is used to generate a known SNR. The ability to estimate the noise floor is verified by using a fixed signal level while stepping the SNR from 10 dB to -10 dB in 1 dB steps. The JDSU Drive Test software E6474A is used to log the RSRQ and RSRP during the measurements. 
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Figure 1. Measurement setup consisting of a UE, Agilent PXT base station emulator and JDSU E6474A Drive Test software
3.1 Procedure

The noise estimate validation procedure uses a target RSRP value of -70 dBm for 50 RB to ensure the setting of SNR is not impacted by the noise floor of the UE. During the calibration step, the measurement is calibrated to the reported RSRP value and not the RSRP setting on the base station emulator. Further calibration of the RSRP setting is possible to minimize overall measurement uncertainty.
The procedure is as follows:

1) Connect UE to the base statin emulator and establish a call 
a. 10 MHz channel

b. Single Antenna

2) Calibration

a. Start monitoring of RSRP and RSRQ but without logging enabled
b. Adjust PXT Signal level until the reported RSRP is -97.8 dBm/15 kHz (-70 dBm – 27.8 dB) (27.8 dB is the correction factor for 10 MHz to 15 kHz conversion)
3) Measurement procedure

a. Set AWGN for 10 dB SNR

b. Start logging of RSRP and RSRQ
c. Step the SNR from 10 dB to -10 dB in 1 dB step, waiting 3 sec between each step

d. End

3.2 Analysis

Calculate the mean and standard deviation of RSRP and RSRQ and the noise estimate (Iot) for each step to identify the recommended target RSRQ values for the method.
Identify SNR Step

The changes in SNR are synchronized to the logged data by inspection as shown in Figure 2.
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Figure 2. Identifying start and stop end index for each SNR step

RSRQ mean and standard deviation

In Figure 3 the mean and standard deviation (std) for RSRQ for each SNR step is identified. 
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Figure 3. RSRQ measured, mean (top) and standard deviation (bottom)
From Figure 3 it can be seen that the standard deviation increases significantly for 
RSRQ < -12 dB.

RSRP mean and standard deviation

In Figure 4 the mean and std for RSRP for each SNR step is shown. 
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Figure 4. RSRP measured, mean (top) and standard deviation (bottom)
From Figure 4 it is shown that the standard deviation is lowest for the highest SNR values and increases for indexes corresponding to RSRQ < - 12 dB. 

Noise estimate, mean and standard deviation

Using the RSRP and RSRQ measurements, the estimate of Iot is calculated for each log index. The results are shown in Figure 5.
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Figure 5. Mean and standard deviation of Iot estimation

From Figure 5 it can be seen that from log index 1250 corresponding to RSRQ < -9 dB the standard deviation is minimized. 
Noise estimation precision

Figure 7 shows the noise estimation error as a function of RSRQ for different calibrated RSRP levels. 
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Figure 6. Noise estimation error including RSRP calibration

The Iot estimation error is minimized to 0.05 dB for RSRQ < -10 dB. 

Based on the above and experience with connection stability for low RSRQ values, the lowest Iot estimation error is achieved with an RSRQ value within the range of -9 to -15 dB, with the lower end of the range preferred. 
The conclusion from the validation experiment is that Iot can be accurately estimated to within 0.1 dB from RSRP and RSRQ measurements. 

4. Noise estimation validation using throughput curves
Section 3 carries out validation by adding external noise, this section does validation based on a real LTE device’s self-interference. The validation procedure is as follows: 
4.1 Procedure 

1) Connect the UE to the base station emulator in the anechoic chamber as shown in figure 7 with both UE antennas activate 

2) Step the downlink power from a high level to a low level in 2 dB steps, record the RSRP, RSRQ and throughput for each step and calculate Iot
3) Calculate Iot for each step
4) Repeat step 2 and 3 for the cable-conducted test as shown in Figure 8

5) Calculate the noise difference between the cable-conducted case calculated in 4) and OTA case calculated in 3) 
6) Add AWGN using channel emulator to emulate the OTA noise power difference calculated in 5) , and measure throughput vs. RSRP
7) Compare the throughput vs. RSRP curves from 2) and 6)
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Figure 7. OTA test setup
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Figure 8. Cable conduct test setup 
4.2 Analysis
Figure 9 shows the UE reported RSRQ and RSRP for the cable conducted and OTA setups. For this test, there is no active PDSCH, therefore NRE = 2 in Equation 4. The calculated noise power is shown in Figure 10 by applying the data in Figure 9 to Equation 4. Figure 10 shows a similar conclusion, when RSRQ < -8dB, the estimated noise power converges.
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Figure 9 UE reported RSRQ versus reported RSRP for conducted and OTA
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Figure 10 Estimated noise power/15KHz for conducted and OTA
Figure 11 shows the throughput vs. RSRP comparison between the cable-conducted and OTA cases after noise compensation. This shows that after the Iot noise estimate is added back into the cable conducted case the throughput curves are almost identical being < 0.1 dB apart. 
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Figure 11 BLER comparison between OTA and cable-conducted after noise compensation
5. Conclusions 

By utilizing the UEs RSRP and RSRQ measurement capability, the degradation in OTA performance due to radiated interference (self-interference or other external broad band interference/noise if present) can be estimated by comparing with the cable connected case. This contribution provides experimental results on two LTE devices. A validation experiment based on defined SNR in section 3 showed that an RSRQ range between -9 to -15 dB is most suitable to provide an Iot estimate within 0.1 dB.
A further validation experiment in section 4 showed that the cable-conducted throughput performance with noise compensation aligns with the OTA case with 0.1 dB.  
These results show that noise estimation is both possible and accurate. By utilizing the noise estimate in the second-stage of the two-stage MIMO OTA method, the impact of radiated self interference can be accounted for. 
6. References
[1] R4-121980, Agilent Technologies, Estimating receiver desensitization from UE SINR (RSRQ) measurements

