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1. Introduction

[1] Summarizes the results of a controlled field test activity with reference antennas. The focus of this activity was to investigate the reference antennas and the devices in real field conditions under a controlled test network. The results did shed some light on whether it was possible to distinguish between good and bad devices in real radio propagation conditions. 

Additionally, in order to replicate the conditions in the lab and to compare the results obtained in the field to that of the results with standard channel models, radio propagation conditions were measured concurrently to the throughput measurements using the same reference antenna as well as dedicated electrical and magnetic antennas. All measurements were performed in the test network provided by Vodafone. The device measurements were measured by Vodafone while the radio propagation conditions were measured by Elektrobit Corporation. 
In this contribution, we examine the drive test and extract the channel model based on the measurement of the radio propagation conditions during the drive test. The contribution describes the equipment used and further presents key inference of the channel conditions based on the extracted parameters. 
2. Discussion
Test setup – Test network description

The tests have taken place in a test network located in Madrid (Spain), in an urban/semi-urban environment, see Figure 1. 
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Figure 1. Test network.

After discussing with eNB commercial manufacturer which supported the field test activity, the following conditions determine the eNB settings:

· Band 7 (2.6GHz)

· CBW: 10MHz configured.

· Handovers are deactivated. Surrounding cells are deactivated to minimize interference.

· Transmission mode fixed to TM3. Rank mode is adjusted by the scheduler depending on the radio conditions.

· MCS is dynamically adjusted based on radio conditions, and UE reports.

· BLER target is fixed to 10%.

· RB allocation sometimes will not be 100%, RB allocation is traced.

· UL conditions and HARQ cannot be modified.

· Single user testing.
Measurement Setup
As this activity is to be done in alignment with the availability of reference antennas and devices, and in order to minimize uncertainties, thanks to CTIA the same reference antennas and devices are proposed to be used.

Position of the measurement equipment:
· The device is positioned vertically. Vertical orientation facilitates comparison against results from lab tests.

· Device is placed on top of the car with a holder device that supports the device in the agreed orientation, and the distance between the device and the top of the car must be higher than several times λ to avoid ground plane effects. Styrofoam or similar product will be used to minimize reflections coming due to car effect.

· A rotatory but static holder is used to allow 360º measurements at 8 discrete positions, but this was firmly held for the mobility test.

· Mobility test will take into account a wide range of orientations in the final performance as the device will not rotate but will effectively take different orientations to the eNB as long as the terminal moves along.
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Figure 3. (Left) Initial Measurement Antennas Mounted on the Car. (Right) Reference Antennas Mounted for Measuring the Channel Simultaneously. 
Drive Test Mechanism and Route

Figure 4 shows the drive test route along the network of interest. 
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Figure 4. Drive test route during the evaluation phase. Subsequent tests for with the DUT did not involve the U turn in the middle section.

The summary of the drive test were:

· The total length of the route was 4177 m

· Duration of the drive test: 14 minutes 48 seconds

· Weather conditions: Clear

· Initial dry run: Channel measured with dedicated antennas

· Further measurements: Channel was measured simultaneous as the throughput measured by the reference antennas

· Number of measurement runs for each antenna/measurement cycle: 2

Channel Logging Tools
The channel was measured using the Rhode and Schwarz TSMW – universal radio network analyser. The software has the ability to automatically detect and measure all available cells, and to also do MIMO specific measurements. The TSMW and the ROMES4 software were configured with the centre frequency of the LTE signal i.e. 2670 MHz. The scanner then scans and displays the power values, physical cell IDs, the eNB cell ID, the power values of the physical cell IDs, RSRP and RSRQ. The analyser continuously makes measurements, and is capable of making 200 measurements per second. Figure 5 shows the initial measurement during the setup phase. 
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Figure 5. Screenshot of the captured parameters during the initial setup phase of the TSMW analyser using the ROMES4 software.
For each measurement in the mobility tests, the software was initialized and a new cycle of measurements started. Once all the measurements were completed, the data was extracted to a text file. Further analysis has been performed using Matlab using the following steps:

1. Analysis of the RSRP and matching them with the Cell IDs reported by the DUT

2. Calculation of the PDP and the Delay spread
3. Calculation of the Ricean parameters of the channel. 

In the following section, we shall present the data about these extracted parameters and provide data from the UE and try to infer the nature of the channel during the mobility tests. 

3. Channel Parameters Extracted
RSRP

The RSRP was measured both by the DUT and the Channel Measurement Equipment. The values reported by the DuT are shown in Figure 6. 
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Figure 6. RSRP reported by the DuT. During the drive test along the path with very low RSRP (< -120 dBm), the DUT typically lost connectivity. This was the case for both the good and nominal antennas.
Similarly, measuring the RSRP along the route for the strongest cell ID is shown in Figure 6.There were three serving cells in the region. The measured RSRP with the TSMW (Figure 7) matches the values observed by the devices. Specifically, call drops occurred around the 8-9 minute region, which is around the region marked in red in Figure 7. The figure also shows the presence of 3 cells as noted in the top of the figure. 
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Figure 7. RSRP reported by TSMW. The graph shows three serving basestations along the route.
Power Delay Profile
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Figure 8. The measured PDP along the route.

The measured PDP (Figure 8) provides another view to Figures 6 and 7. From this plot, it is clear that the route presents a multitude of power levels which correlates with the RSRP plots.  The plot shows the channel presents a case where the delay spread is fairly low. 
Delay Spread
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Figure 9. The Delay Spread for the Channel Measured.
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Figure 10. Histogram of the RMS delay spread.
Figures 9 and 10 plot the delay spread for the measured channel and the distribution of the RMS delay spread. The average delay spread was approx. 0.71µs and the standard deviation was approx. 0.37µs. As the RMS delay spread is quite low, the channel conditions were quite good and did not present a very scattered environment. 
K-Factor
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Figure 11. The Rician K-factor of the measured channel.
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Figure 12. The distribution of the Rician K-Factor. 
Another important parameter that tells about the scattering nature of the channel is the Rician K-Factor of the channel, shown in Figures 11 and Figures 12. The K-factor is defined as the ratio between the power in the direct path and the power in the other scattered paths. In the case of the measured channel the K-factor was between -20 to +18dB, however, the mean was around -0.5 dB. This reinforces the point that the channel was not a highly reflective environment. 
Key Observations

From the above analysis the following observations can be made:

1. The channel did not present a very rich multipath environment

2. The delay was fairly low, and maximum delay occurred during the cell edge, and this correlated with the  RSRP  measurements reported by the DuT as well as the measured data from the TSMW hardware. 
3. The K-factor further reinforces the fact that the channel was not a very scattering environment. 

4. The above factors are in line with typical suburban channels and are reflective of the area in which the tests were done. 

Summary

In this contribution, we analyse the measured data from the mobility tests. The observed parameters of the channel point to a channel that is very typical suburban case. The next step would be to construct a model that mimics this channel and to observe if the behaviour of the mobile is similar to that observed in the field. 
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