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1. Introduction

One of the attributes of the two-stage method based on antenna pattern measurement is that due to the throughput measurements being made in the second stage with a conducted connection the impact of UE self-interference is not captured. Although it is expected that MIMO operation in real networks will occur under high SNR with signals well above reference sensitivity it is still of interest to consider how the two-stage method can address the issue of self-interference.
Previous contributions on this subject [1], [2], [3], have investigated the use of UE measurement reports to evaluate self-interference. These have provided promising results and indicate that the UE is capable of evaluating self-interference which can be estimated over a range of known downlink signal conditions.
This paper describes an alternative method of connecting to the UE during the second stage which addresses the issue of self-interference and also presents a new general purpose calibrated way to connect to a UE where the physical temporary antenna connector ports are not present.

2. Fully radiated two-stage procedure
In the existing definition of the second stage the antenna pattern measured in the first stage is convolved with the desired 2D or 3D channel model and the resulting two signals are presented to the UE antenna ports in order to emulate the same signal that would have been received had the UE been placed in the same spatial field with the signals arriving through the antennas. The gain of the measured antenna pattern is calibrated by comparing known signal levels at the antenna ports with the UE measurement reports of the received level. It has been observed that this technique may miss some of the effects of self-interference. Therefore a modified approach is proposed. This modified approach will first be described verbally at a high level and then mathematically.
The modification to the second stage to enable self-interference to be included in the results is to replace the cable connection with a calibrated radiated connection in an anechoic chamber. This is done by measuring the MIMO propagation conditions in the anechoic chamber between the test system transmit antennas and the UE receive antennas. The inverse of this channel is then applied to the test signals in order to create a transmission channel representing an identity matrix whereby a high degree of isolation (> 20 dB) for the broadband modulated signal is achieved between the transmit and receive antenna pairs as was naturally the case when using cabled connections. Accurate level calibration is then achieved by modifying the transmit power in order to match the same UE measured levels as seen during the first stage antenna pattern measurement. The accuracy of this approach should then match the known accuracy of the incident field in the test volume which is known from SISO procedures.  An additional attribute of this modified approach is that it is no longer necessary to know the absolute gain of the antenna with any accuracy as the known power is reached by replicating the same received level in the UE.

Figure 1. Fully radiated two-stage test setup

Figure 1 shows the fully radiated two-stage test setup. Two probe antennas with polarization V and H are co-located in the chamber. The only change from the conducted second stage is to replace the RF cables with the radiated channel inside the chamber. Due to the propagation channel in the chamber, signals transmitted from each probe antenna are received by both UE antennas which is different from the cable conducted case where the signals are isolated. However, by precoding the transmitted signals using spatial multiplexing techniques it is possible by calculating the radiated channel matrix and by applying its inverse to the transmitted signals an identity matrix is created allowing the transmitted signals to be received independently at each antenna thus recreating the cable conducted situation but with radiated self-interference now included.
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 are the transmitted signals from the PXT base station emulator, after applying the desired multipath fading channel and convolving with the complex antenna pattern we get:
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The radiated channel matrix between the probe antennas and the UE antennas is [image: image10.png]:("
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If the channel emulator applies the inverse of the radiated channel matrix [image: image12.png]
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, the signal received at the UE antennas is same as the cable-conducted method as follows:
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The overall procedure for the fully radiated two- stage is:
1) In the first stage the antenna pattern and static 2 x 2 channel matrix between the probe antennas and UE antennas are measured. 

2) Load the antenna pattern and the inverse of the radiated channel matrix into the channel emulator, to emulate the joint effect of multi-path fading, antenna pattern and the inverse of the radiated channel matrix. 
3) Make throughput measurements as required for the various antenna orientations. Note the UE does not physically rotate and the rotation is implemented electrically in the channel emulator.
3. Measurement and verification of the radiated channel matrix
The crux of the radiated second stage is the ability to measure the radiated channel matrix, invert it and provide overall system calibration. One method is proposed here.
The purpose of measuring the radiated channel matrix and applying its inverse to the test signals is to realize the signal spatial isolation. In other words the signal radiated from the polarization V antenna can be received by only one antenna, and the signal radiated from the polarization H antenna can only be received by the other antenna. To validate whether this radiated two-stage method is feasible it is necessary to verify the spatial isolation. 

Figure 2 is a simplified spatial isolation validation test system to investigate the channel measurement. In this test the PXT is used to transmit a 10 MHz LTE signal, the PXB is configured for a 1 x 2 static channel. A dipole antenna is put in the chamber with a 45 degree slant and connected to a PXA analyzer. Figure 3 shows the received signal’s spectrum with only one PXB channel (the MXG1 and MXG2 signal generator power is configured, and with the 45 degree slant the dipole receives the same power from both probe antennas). Then the second static channel is turned on and the phase between these two static channels is tuned which results in variation in the received spectrum. Figure 4 shows the received signal spectrum with the lowest power, which is about 23dB lower than that in Figure 3. Figure 5 shows the received signal spectrum with the largest power, for this case because the two signals from the two probe antennas are summed with the same phase, thus the signal power is 6dB higher than that in Figure 3. 

During the test it was found for the same PXB static channel configuration, the results were repeatable which is necessary for the second stage implementation. 

Having shown how the validation concepts works for a simple dipole this was then replaced with a real UE to repeat the validation using the RSRP reported by the UE. Figure 6 and 7 show the UE reported power variation on the sub and main antennas vs. phase shift between the two static channels. These results also are repeatable and stable. These results show at least 20dB spatial isolation can be achieved which results in negligible loss of accuracy.
                                                                               


Figure 2. Channel isolation test platform in chamber
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Figure 3. Spectrum from one channel 
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Figure 4. Spectrum of two channels summed with 180 phase shift
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Figure 5. Spectrum of two channels sum with 0 degree phase shift
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Figure 6. UE reported received power variation on sub antenna vs. phase shift between two static channels
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Figure 7. UE reported received power variation on main antenna vs. phase shift between two static channels

4. Inverse Channel Matrix Implementation Validation and verification 
To verify whether the channel matrix is measured correctly and the inverse channel matrix is implemented accurately it is necessary to use the reported RSRP from the UE. For this validation the test configuration shown in Figure 1 is used. The static inverse channel matrix is configured in PXB, and is verified one half at a time. 

To verify the first half, the two channels connected with PXT RF1 output [image: image24.png]


 are turned on, and the two channels which connect with PXT RF2 output [image: image26.png]


 are turned off. If the inverse matrix is implemented correctly the results below should appear from two UE antennas:
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In the current implementation about 22 dB isolation for the PXT RF1 output signal can be obtained by tuning fader 1 & fader 2 amplitude and phases as shown in figure 8.  

To verify the second half, the two channels which connect with PXT RF2 output [image: image29.png]


 are turned on, and the two channels which connect with PXT RF1 output [image: image31.png]


 are turned off. If the inverse matrix is implemented correctly we should get below results from two device antennas:
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In the current implementation about 20 dB isolation for the PXT RF2 output signal is obtained by tuning fader 3 & fader 4 amplitude and phases shown in figure 9.  
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Figure 8. Tune Fader 1 & 2 to get signal for main antenna

[image: image35.png]Reported Rss! (dBm)

B

20d8

——main, isolated

\|/

——sub, wanted

\l/

v

100 200
Phase shift (degree]

300





Figure 9. Tune Fader 3 & 4 to get signal for sub antenna

5. Conclusion
This paper presents a full radiated version of the two-stage method. This approach has the advantage of including the effects of radiated self-interference. The method relies on the ability to characterize the radiated channel matrix in the chamber. The measurement of the radiated channel matrix is performed using phase shifting of the transmit signals in order to create nulls at the UE receiver on each antenna. The inverse of the radiated channel matrix is then applied to the unfaded test signals which are then shifted in power until the UE power measurements report the same values used when making the antenna pattern measurement carried out using the known incident power in the test volume.
Once calibrated, fading is enabled and throughput measurements can be made in the usual manner.

Further work is planned to provide measurement results showing the ability of this approach to measure self-interference and show consistency with the multi-probe anechoic method.
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