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1. Introduction

[1] Summarizes the results of a controlled field test activity with reference antennas performed by Vodafone in a Vodafone LTE test network. The goal of that activity was twofold:

1. Investigate the behavior of reference antennas and devices in real field conditions in a controlled network. 

2. Replicate the conditions in the lab so as to be able to compare the results obtained in the field to that of the results with standard and extracted channel models. 

In contribution [2] we describe the measurement of the channel conditions performed by Anite/Elektrobit during the drive test and summarize the conditions of the channel. The extracted parameters – Power Delay Profile, K-Factor and Delay spread are used to create a model that mimics the channel conditions measured during the field test. We call this channel model “The Field Channel Model” The channel measured displayed characteristics of a typical suburban channel with low scattering and reflections. 

In this contribution, we compare the field test results with the results in the lab. This activity is done with standard channel models – SCME UMa and SCME UMi as well as the channel model that reflects the field measurements. 

2. Comparison Methodology
The behaviour of the good and nominal antennas in the field was observed. In the second step, the DUT was measured in the lab with the Field Channel Model. As the field measurements did not have a channel sounder, and the measured information did not included spatial aspects of the channel, a new channel model called Field Spatial Model (FSM) is constructed. This model combines the PDP of the Field Channel Model and borrows the spatial information from SCME UMa to create a spatial channel model.

In the third part of the comparison, the performance of the DUT is measured with the standard channel models as specified in the TR [3].

Finally, the data is normalized for the reported power and cable losses, and a comparison between the performance of the good and nominal antenna against the above models is made at a threshold, selected at 70% of the maximum throughput for a certain MCS value. This is required because the field test throughput results considers link adaptation, power control and HARQ, and to be able to compare the results objectively, it was decided to select a single MCS, which must correspond to the one used in the lab.
Furthermore, as laid out in the BS settings an MCS of 14 is chosen to correspond to the TBS Idx = 13. MCS = 14 corresponds to 16 QAM and corresponds to a Fixed Reference Channel R11. Finally, we have also isolated measurement points in the field corresponding to MCS=14 in order to calculate the difference between the good and nominal reference antenna with a fixed reference channel.
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Figure 1. Comparison steps between the field test, the virtual drive test, and the lab test with standard channel models. 

3. Measurement Setup
The performance of the DUT with the different channel models are measured in the lab using an Anechoic chamber consisting of 8 dual polarized OTA antennas, in a Full ring arrangement. This standard arrangement has been used previously to verify the channel model implementation within the Anechoic Chamber. Figure 2, below lists the block diagram of the measurement setup along with the instrumentation settings in Table 1. 
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Figure 2.Block diagram of the measurement setup.
	Instrument:
	Channel Model Emulator (Fader)

	Manufacturer:
	Anite

	Hardware Model:
	F32

	Software Firmware:
	EB Propsim 3.1.1

	Channel Bandwidth:
	40 MHz

	Ports in use for OTA Channel verification:
	Inputs: 2only port

Outputs: 16 ports (8 vertical 8 horizontal) outputs

	Instrument:
	Vector Network Analyzer

	Manufacturer:
	Rhode and Schwarz

	Model:
	ZVR

	Firmware:
	N/A

	Instrument:
	Base Station Emulator

	Manufacturer:
	Rohde and Schwarz

	Model:
	CMW500

	Firmware:
	Base: 30.0.11

LTE: 3.0.30

	Ports in use for conducted and OTA Testing:
	Input: RF2 COM

Output1: RF1 OUT

Output2: RF3 OUT

	Instrument:
	Chamber

	Manufacturer:
	ETS Lindgren

	Model:
	NA

	Instrument:
	OTA Antennas

	Manufacturer:
	H+S

	Model:
	SPA 2400/75/8/0/DS


Table 1.  Instrumentation Settings.

The DUT is a Samsung Galaxy S2 LTE device. However, due to breakdown of the antenna ports on the original DUT, it was not possible to use the exact same DUT in these tests. Figure 3 shows the placement of the DUT within the chamber, and Figure 4 shows the placement of the DUT within the reference antenna.
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Figure 3. Placement of the DUT within the Chamber. 
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Figure 4. Placement of the DUT within the reference antenna. 
4. Analysis of the Results
Field test analysis
Figure 5 (Left) plots the measured throughput vs. RSRP. There is a clear difference between the good and nominal antenna. At the chosen threshold (i.e. 70% of the Max throughput), the difference between the good and nominal antenna is about 0.9 dB (Figure 5 Right). To be noted is that this plot includes the effect of HARQ, and represents all the MCS’s measured.
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Figure 5. Throughput vs. Power for the good and nominal antennas as measured in the field. The 70% threshold point is marked. 
Measured Throughput with the Field Channel Model
The second step of the analysis involves measuring the performance with the extracted channel model. As HARQ is not available, an MCS=14 is chosen. As stated, this corresponds to the TBS Idx DL=13 in the TR. In Figure 6 (Left) the Lab test with the Field Channel Model is not able to distinguish the performance between good and nominal antennas. It should be noted that in this case the DUT was in a fixed azimuth position. 
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Figure 6. Comparison of the throughput with a drive test involving the Field Channel Model.

This performance is similar throughout the power range. Since, the channel measured did not include spatial information due to the lack of channel sounders, this represents the case where the channel is assumed to be uniform PAS. On Figure 6 (Right) is the 70% throughput threshold. With just MCS=14, there is a crossover the nominal antenna outperforms the good when considering only single MCSs (Figure 7). It is also visible that the virtual drive test with uniform PAS is not able to distinguish between the good and nominal antennas. 
In Figure 7, with MCS = 14, the nominal antenna provides better result than the good antennas. While this needs to be examined in the context of the drive tests, it can be associated with HARQ which is more aggressive at lower power levels. 
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Figure 7. Comparison of throughput  with a drive test involving the field channel model and throughput specific to MCS=14. 
Measured Throughput with the Field Spatial Model
In order to understand the contribution of the angular components, in step 3, we have added the angular information with SCME UMa channel model, while the PDP information is retained from the field. This is shown in Figure 8 (Left). At the selected threshold point, the difference between the good and nominal antenna is 1.3 dB (Figure 8, Right). 
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Figure 8. Comparison of the throughput with a drive test involving the Field Spatial Model.
Examining Figures 7 and 8 we can postulate that the drive test with the Field channel model and the Field Spatial Model follow similar patterns. However, it does state the importance of having spatial information in the classification exercise. 

Measured Throughput with SCME UMa Channel Model
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Figure 8. Comparison of the throughput with the SCME UMa channel model. 
In this measurement, we use the standard SCME UMa channel model. Four rotations in the azimuth plane were considered, and the average of these rotations is plotted in Figure 8 (Left). With this channel model, the difference between the antennas is 1 dB as plotted in Figure 8 (Right).  
Measured Throughput with SCME UMi Channel Model
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Figure 9. Comparison of the throughput with the SCME UMi channel model.

We repeat the same measurements with the SCME UMi channel model (Figure 9). In the case of SCME UMi, the difference in performance is 0.78 dB. 
Key Observations

Figure 10 summarizes both the field, the VDT and the lab measurements. At the selected throughput reference, models that have spatial information are able to distinguish between the good and nominal antenna. It should be noted that all laboratory measurements have been performed with a  FRC, R11.
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Figure 10. A summary of the performance in the field as against the lab with difference channel models. 
The difference in performance can be summarized in the following table. It can be noted that for the selected threshold,  channel models that have spatial information provide a similar degree of differentiation between good  and nominal antennas. 
	@ 70% Tput
	Good
	Nominal
	Difference

	Field test
	-108,7
	-107,8
	-0,9

	Field test MCS = 14
	-107.5
	-109
	1.5

	VDT  Uniform PAS
	-103,2
	-103
	-0,2

	VDT  SCME UMA PAS
	-104,3
	-103
	-1,3

	SCME UMI
	-93,988
	-93,2
	-0,788

	SCME UMA
	-87,99
	-86,99
	-1


Table 2. The performance difference between the different antenna under different conditions.
Based on the field tests, the virtual drive tests with the field channel model and the field spatial model, and finally the standard SCME channel models the following can be observed:
1. Preliminary results point to the need for spatial channel models

2. Models that have uniform PAS are not capable of distinguishing good, nominal and bad antennas based on the current field test

3. When spatial information is included all channel models provide a similar level of distinguishing capability

4. The absence of HARQ capability in the lab, does make it difficult to make one-to-one comparisons between the field and the lab, however, the general trends can be observed.
5. In future it is preferable to have the exact same DUT that is used in both the field and lab tests.

Summary

In this contribution, we try to analyse and compare the performance of the device under different channel models. The primary model is the actual field test. Additionally, virtual drive test with a field channel model and an additional drive test with field spatial model point to the need for spatial information. A similar conclusion is reached while using SCME UMa and SCME UMi channel models. As further investigation, the following would be helpful:
1. Analysis of channel conditions during the static tests cases, and similar tests based on the static models

2. Measurement of spatial information in the field by means of channel sounder

3. Measurements with MCS as in the field test

4. New field measurements with fixed HARQ

5. New field measurements with several devices
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