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1. Introduction
As documented in [1] the work in 3GPP RAN4 towards a standardized method(s) is progressing based on several agreements, and activities meant to ensure and verify the ability of the different methods to distinguish in the same manner a good from a bad MIMO LTE device. These agreements and activities agreed in [1] are summarized as follows:
· Absolute throughput as a figure of merit,
· BS station settings and BS antenna array assumptions agreed,
· Channel models agreed,
· Channel model verification activity,
· Verification of methods using reference antennas,
· CTIA reference antennas/device testing activity across methods and labs,
· and MIMO OTA simulations
It is expected that channel model verification activity is being executed across methods to ensure that different methods are able to similarly reproduce channel models in the same manner. The objective is also to understand whether the differences (if any) make a big impact in the final performance.

Similarly the verification of methods using reference antennas and comparing conducted tests with embedded radiation reference antenna pattern, with radiated tests with reference antennas are expected to be initially investigated in parallel.
With the use of reference antennas, a test campaign has been agreed to start over this summer in order to understand the differences between methods in the ability to distinguish a good from a bad antenna. This activity should also accommodate previous activity which also contains reference antennas as part of the tests.

In parallel MIMO OTA simulations with the agreed channel models and the data from reference antennas is to be used to investigate the expected MIMO performance under ideal conditions for a simulated device (with embedded reference antennas) in the Agilent SystemVue SW.

Although channel models have been agreed on the basis that they were derived from extensive field measurement campaigns from different type of environments, other channel models are FFS. In this contribution we present an additional activity which proposes to investigate to test the reference antennas and devices in real field conditions under a controlled field test network.
Results from this activity aim to bring more light on the ability of different methods to distinguish good and bad devices, based on the differences that these devices show in real radio propagation conditions. The details for this activity are captured in next sections.
Additionally, radio propagation conditions have been measured concurrently to the throughput measurements that will be described in the following sections. This aims to better understand in which exact radio conditions the throughput measurements were taken. For this ELEKTROBIT participated in the measurement campaign with its own dedicated equipment taking simultaneous measurements: electrical and magnetic antennas as well as dedicated references antennas similar to the ones used in the throughput measurements.
2. Discussion
2.1 Objectives
The objective of this activity is to get a better understanding of the likely differences in performance of known good and bad devices (characterized by their antenna and baseband processing) in the field.
A natural step would be then to compare these results to the ability of the different labs to evaluate the device in similar conditions.

An additional objective of the study is to understand the typical operation mode of the UE in a live network, so that then labs can be configured to evaluate MIMO performance as close as possible as in a live network.
2.2 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.
Due to the nature of the commercial eNB, the UE performance adapts to the radio conditions which is not the case in the lab set up. This will limit the range of values that can be compared between the two setups, being relevant (at this point of time) where the device operates in rank 2 especially but also rank 1.
2.3 Antenna configuration at base station

Antenna configuration is in agreement to section 7.2 in [3] and so it is a dual polarized (+-45º) band 7 antenna.

[image: image2.emf]
2.4 Devices under Test (DUT) - Smartphones
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.

Reference antennas are firmly coupled to the device as shown in Figure 2.
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Figure 2. Reference antennas and shielded enclosure.

· Device 1: Good reference antenna coupled with reference Samsung Galaxy S2 LTE
· Device 2: Nominal reference antenna coupled with reference Samsung Galaxy S2 LTE
Position of the device:
· The device is positioned vertically. Vertical orientation facilitates comparison against results from lab tests.
· Hand effects are not considered. Although the hand effect impacts the results, it is not critical when comparing absolute results from devices, environments and labs.
· 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 (45º resolution).

· 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. Reference antenna mounted in the car.

2.5 Device SW logging tool

X-CAL and X-CAP (Accuver) is used to automate, capture and post process the data.

2.6 Network testing tool

Similar measurements as logged in the device are traced from network side to ensure consistency.

2.7 Metrics and Measurements – Throughput/others
The figure of metric to evaluate the performance of the LTE devices in the different radio conditions is throughput, MAC layer throughput. The throughput is evaluated only in downlink and a dedicated server with enough bandwidth should be used to establish a FTP connection.

A dedicated FTP server is located as close as possible to the RAN and the effects from the backhaul are minimized. A high bandwidth FTP server is used for the measurements so that maximum throughput should not be server limited. Unfortunately the server unexpectedly was not able to provide max throughput under normal conditions (single FTP download) and the logging tool was not able to launch and log simultaneously multithread throughput with smartphones (only dongles). Therefore the sever was BW limited and this caused 
FTP files should be large enough to avoid ramping up behaviour of the network and to allow device and network to achieve maximum throughput. TCP slow start and TCP window size are taken into consideration when interpreting the results, and so are removed from measurement analysis.
Static test duration: each static test are performed during 2 minutes.
In order to obtain enough statistics for each of the tests that will be conducted:

· Static tests: each of the static tests should be executed 3 times. Stability of results must be checked after 5 repetitions.
· Mobility test: data must be transferred during the whole drive test, and the route must be run 2 times.
Other measures that relate to the quality of the link will be captured:

· CQI

· RSRP
· RSRQ
· RSSI
· Rank Indicator
· MCS
· RB allocated
2.8 Test cases of interest
Multipath radio propagation scenarios:
The different tests described below (TC1, TC2, TC3, TC4) are test conditions of interest in order to understand the difference in performance between two devices, and the impact of the antennas and baseband processing due to multipath.

These test cases will be evaluated under a range of different radio propagation scenarios that will imply a set of radio characteristics in which the performance of the devices will be investigated.

These radio propagation scenarios are the following:

A. Static tests:

1. Outdoor

a. Good radio conditions
b. Bad radio conditions
B. Mobility tests (drive test):
1. Outdoor

Summary:

	
	Good radio conditions (a)
	Bad radio conditions (b)

	Static (A)
	A.1.a
	A.1.b

	Mobility (B)
	B.1


Test cases of interest:

Test case 1: Good versus Nominal reference antennas (No bad ref antennas in Band 7)
· Objective: Intention is to observe typical performance differences for different antennas (good and nominal/bad reference antennas) under different radio conditions for the same baseband device.
	TC1: Good versus Nominal reference antennas
	Good Reference Antenna
	Nominal Reference Antenna

	Static
	Good radio conditions
	3 repetitions

2 minutes each repetition

8 orientations
	3 repetitions

2 minutes each repetition

8 orientations

	
	Bad radio conditions
	3 repetitions

2 minutes each repetition

8 orientations
	3 repetitions

2 minutes each repetition

8 orientations

	Mobility
	2 repetitions of 15min drive test
	2 repetitions of 15min drive test


2.9 Analysis of Results

2.9.1 Static tests
Average CQI:
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Nominal antenna gets always worse CQI under both good and bad radio conditions. Around 1 CQI index worse. Median values show same behaviour.

CDF graphs show same behaviour:
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There is about 1CQI index difference between Good and Nominal reference antennas.

RSRP values:
[image: image11.png]RSRP (dBm)

-100

-120

-140

RSRP Antenna 0

86,79 88,94

GOOD

-116,15117,88
MEDIUM-BAD

B Good Antenna

® Nominal Antenna




[image: image12.png]RSRP (dBm)

-100

-120

-140

RSRP Antenna 1

-86,97._88,76

GOOD

-118,42117,90
MEDIUM-BAD

M Good Antenna

= Nominal Antenna





The device was reporting RSRP for both antenna ports. Good reference antenna showed on average about 2dB difference when compared to the Nominal reference antenna for both good and bad radio conditions. 
However the secondary port of the antenna showed for bad radio conditions 0.5dB better for the nominal ref antenna.

RSRQ:
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Same behaviour can be observed in the RSRQ value. Average and median values were very similar. The Good reference antenna showed between 1 and 3 dB difference in RSRQ for both good and bad radio conditions.

Similarly as above, the values for the secondary port in bad radio conditions showed similar response.

On the MCS for stream 0 and stream 1:
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As it can be seen, the Good reference antenna shows similar assignment in good radio conditions. This is probably due to the limitations observed in throughput which comes from an unexpected bandwidth limitation in the server.

For bad radio conditions, the BW limitation was not appreciated, and so the Good reference antenna shows between 2 and 10 MCS indexes better.

On throughput:
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As it can be seen due to the unexpected BW limitation of the server, throughput was limited to 25Mbps, value that was observed in both antennas for good radio conditions.

On the other hand, for bad radio conditions, the good reference antenna showed consistently about 1.5Mbps better throughput than the Nominal reference antenna.

2.9.2 Drive tests
CQI and RSRP:
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On average and median, the CQI seems to be similar for both Good and Nominal reference antennas. For RSRP the Good reference antenna is 1dB in median better than the Nominal antenna. For 80% of measurements, the Good reference antenna shows 5dB improvement over the Nominal.

MCS:
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Good reference antenna always shows better scheduling than the Nominal reference antenna with 2 to 5 MCS indexes difference.

On RSRP:

Good
             




Nominal
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As it can be see both Good and Nominal reference antennas show an approximately even distribution of RSRP values reflecting that the drive test covered a wide range of radio conditions.
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The good reference antenna typically shows about 3Mbps difference versus the Nominal reference antenna. It is as well appreciated that the throughput is limited to 25Mbps due to the server issue as in the static tests.

3. Conclusion
This contribution presents the results of a series of LTE performance tests in the field, so it is possible to understand the impact of the antenna design together with the impairments from a complex, realistic radio propagation conditions.
As it has been shown in the previous section, the following conclusions can be extracted:
· Good reference antenna has been showing consistent better performance in terms of CQI, MCS, RSRP, RSRQ and throughput; however the server was bandwidth limited and affected all throughput measurements specially in good radio conditions.
· Considering static and drive tests results, the Good antenna shows a difference of 1-2 dB in RSRP, 1 CQI index, 2-10 MCS index against the Nominal antenna. For band radio conditions a difference of 1.5 (static) to 3Mbps (drive test) difference can be seen between Good and Nominal antennas.
· The differences observed are in line to the expected differences based on the gain/efficiency differences from then reference antennas.
· In the orientations tests (results not presented here) it has been observed that there are differences in throughput for different orientations. Initial results seem to indicate that it is difficult to correlate differences in throughput and other metrics due to the differences in correlation properties of the two antennas.
Although the conditions that the devices/antennas have experienced are a particular representation of a particular radio environment it is believed that, and especially for the drive test results, comprises a wide variety of radio conditions, and therefore the results obtained therein are a good approximation of the typical and expected radio performance for both Good and Nominal reference antennas while coupled to the Samsung Galaxy S2 LTE device.
These results from this activity aim to bring more light on the ability of different methods to distinguish good and bad devices, based on the differences that these devices show in real radio propagation conditions. The details for this activity are captured in next sections.

A natural step would be then to compare these results to the ability of the different labs to evaluate the device in similar conditions.

4. Future work
Currently the tests described only consider transmission mode 3 (TM3), and band 7. Testing of other transmission modes (TM2) and other bands (Band 20 and Band 3) are for further study.
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