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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 comparison 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 comparison 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.
2. Discussion - Proposal
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 would take 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.

Ideal configuration will be such that the commercial eNB perfectly matches the configuration of the eNB from Table 7.1-1 in [3], and especially the following settings:
· Band: Band 7 (2.6GHz).
· 3 sectors site, only one sector active: avoid intraRAT HO and preferably avoid intercell measurements.
· No handovers to other cells/RATs.
· No interference from neighbour cells (surrounding cells, same eNB and different eNB from test network need to be OFF).
· CBW: Ideally select 10MHz.
· Transmission modes: ideally a fixed TM3 (spatial multiplexing).
· BLER target as set in the lab.
· Ensure RB allocation is not capped (20MHz=100RB, 10MHz=50RB).
· eNB must configured to ensure predictable performance, and avoid unexpected behaviour

· Ensure or investigate memory effect in LTE scheduler: fix the scheduler as much as possible.
After discussing with eNB commercial manufacturer which supports the field activity, the following conditions will determine the eNB settings:
· Band 7 only.
· CBW: 10MHz configured.
· Handovers are deactivated. Surrounding cells are deactivated to minimize interference.
· Transmission mode fixed to TM3. Rank mode will be adjusted by the scheduler depending on the radio conditions.
· MCS will be dynamically adjusted based on radio conditions, and UE reports.

· BLER target is fixed to 10%.
· RB allocation sometimes will not be 100%, RB allocation must be traced and either only values with 100% allocation will be used, or throughput will be weighted to account for the difference.

· UL conditions and HARQ cannot be modified.

Due to the nature of the commercial eNB, the UE performance will adapt 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 rank2 especially.
2.3 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, the same reference antennas and devices are proposed to be used.

Reference antennas will be 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 Terminal A

· Device 2: Nominal reference antenna coupled with reference Terminal A

· Device 3: Terminal A with own internal antennas

· Device 4: Good reference antenna coupled with reference Terminal B

· Device 5: Nominal reference antenna coupled with reference Terminal B

The following devices must be used:
· LTE Samsung Galaxy SII LTE
· HTC Holiday

Both terminals are traceable with X-CAL/X-CAP logging tool. Both terminals must have access to RF ports so reference antennas can be attached to them.
Position of the device:
· The device should be positioned in 45º in order to represent typical use case. Vertical orientation may facilitate 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 must be placed on top of the car with a holder device that supports the device in the agreed 45º angle, and the distance between the device and the top of the car must be higher than several times λ to avoid ground plane effects.

· The holder of the device may include a constant and controlled speed rotator to allow 360º measurements. If that type of holder was not possible, a fixed holder would be used instead and the 360º would be covered at discrete positions, e.g. 8 discrete positions.

· While different orientation might be difficult to consider in the static tests, mobility test will take into account those effects 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.
Note: the shielded cage will be slightly modified to introduce a little notch to allow the USB cable go through between the PC tool and the terminal inside the enclosure.
2.4 Device SW logging tool

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

QXDM could also be used in case of Qualcomm chipset support.
2.5 Network testing tool

Time stamp network traced will be recorded.
UL conditions must be traced:

· UL power control status
· HARQ statistics

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

2.6 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 will be evaluated only in downlink and a dedicated server with enough bandwidth will be used to establish a FTP connection.

A dedicated FTP server will be located as close as possible to the RAN and the effects from the backhaul must be minimized. A high bandwidth FTP server will be used for the measurements so that maximum throughput is not server limited.
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 need to be taken into consideration when interpreting the results.
Static test duration: each static test will be performed during 3 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 5 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
Note: RB allocation reports are needed as it is possible that the UE does not get full allocation even being single user in the cell.

2.7 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 – LOS
a. Good

b. Medium

c. Bad

2. Outdoor - NLOS

a. Good
b. Medium
c. Bad

3. Indoor (NLOS)
a. Good

b. Medium

c. Bad

B. Mobility tests (drive test):
1. Outdoor - LOS/NLOS
Summary:

	
	
	Good (a)
	Medium (b)
	Bad (c)

	Static (A)
	Outdoor LOS (1)
	A.1.a
	A.1.b
	A.1.c

	
	Outdoor NLOS (2)
	A.2.a
	A.2.b
	A.2.c

	
	Indoor (3)
	A.3.a
	A.3.b
	A.3.c

	Mobility (B)
	LOS/NLOS (1)
	B.1


Note 1: LOS: Line of sight can be achieved by placing the device under test (DUT)  with direct visibility to the base station.

Note 2: NLOS: Non line of sight could be achieved by placing the UE in between two streets not facing the eNB directly.
Note 3: The mobility route should contain a good representation of good, medium and bad (cell edge) samples.
	
	SINR

	Good
	>15 dB

	Medium
	10 -15 dB

	Bad
	<10 dB


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 (a)
	Medium (b)
	Bad (c)

	Static (A)
	Outdoor LOS (1)
	TC1.A.1.a
	TC1.A.1.b
	TC1.A.1.c

	
	Outdoor NLOS (2)
	TC1.A.2.a
	TC1.A.2.b
	TC1.A.2.c

	
	Indoor (3)
	TC1.A.3.a
	TC1.A.3.b
	TC1.A.3.c

	Mobility (B)
	LOS/NLOS (1)
	TC1.B.1


Test case 2: Good reference antennas versus internal reference antenna
· Objective: In order to observe performance difference between reference and internal antenna, and confirm whether the internal antennas are upper bounded by the good reference antennas, and how far typically a internal device performs against the best known reference antenna. 
	TC2: Good reference antennas versus internal reference antenna
	Good (a)
	Medium (b)
	Bad (c)

	Static (A)
	Outdoor LOS (1)
	TC2.A.1.a
	TC2.A.1.b
	TC2.A.1.c

	
	Outdoor NLOS (2)
	TC2.A.2.a
	TC2.A.2.b
	TC2.A.2.c

	
	Indoor (3)
	TC2.A.3.a
	TC2.A.3.b
	TC2.A.3.c

	Mobility (B)
	LOS/NLOS (1)
	TC2.B.1


Test case 3: Differences between baseband implementation with same good reference antennas
· Objective: Intention is to observe typical performance difference between different implementations of baseband processing with same good antennas. That means for a given reference antenna, say a good reference antenna, two different devices will be compared. The differences will be due to baseband processing and not to the electrical properties and location of the antennas of the device.
	TC3: Differences between baseband implementation with same good reference antennas
	Good (a)
	Medium (b)
	Bad (c)

	Static (A)
	Outdoor LOS (1)
	TC3.A.1.a
	TC3.A.1.b
	TC3.A.1.c

	
	Outdoor NLOS (2)
	TC3.A.2.a
	TC3.A.2.b
	TC3.A.2.c

	
	Indoor (3)
	TC3.A.3.a
	TC3.A.3.b
	TC3.A.3.c

	Mobility (B)
	LOS/NLOS (1)
	TC3.B.1


Test case 4: Differences between baseband implementation with same good reference antennas
· Objective: Intention is to observe typical performance difference between different implementations of baseband processing with same nominal antennas. That means for a given reference antenna, say a nominal reference antenna, two different devices will be compared. The differences will be due to baseband processing and not to the electrical properties and location of the antennas of the device. Nominal antennas are now used in order to investigate the baseband in a worse scenario, where supposedly the antennas are worse.

	Test  4: Good reference antennas versus internal reference antenna
	Good (a)
	Medium (b)
	Bad (c)

	Static (A)
	Outdoor LOS (1)
	TC4.A.1.a
	TC4.A.1.b
	TC4.A.1.c

	
	Outdoor NLOS (2)
	TC4.A.2.a
	TC4.A.2.b
	TC4.A.2.c

	
	Indoor (3)
	TC4.A.3.a
	TC4.A.3.b
	TC4.A.3.c

	Mobility (B)
	LOS/NLOS (1)
	TC4.B.1


2.8 Expected results

In the following the expected results for the different cases are provided to clarify the objective of the proposed tests and what is expected to be seen after each test case. Please also note that the following figures are just simplifications of what could be experienced in the field.

For Test case 1:
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Where there is a noticeable difference between the two antennas for the same device.
For Test case 2:
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Where there is likely a performance degradation in good and bad radio conditions due to the use of the internal antennas. The effect of the antenna should/might be more noticeable in bad radio conditions rather than in good radio conditions where the good environment geopardizes the weaknesses of the antenna (unless the internal antennas of the phone are terribly bad).
For Test case 3:
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Where probably the use of good reference antennas may cause that there are not many differences between devices and differences are due to baseband processing. At that point heating resistance may be a differentiator aspect between devices, which may mainly apply when the device achieves sustained high data rates (good radio conditions).
For Test case 4:
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Similarly to Test case 3, the antennas are the same and therefore any difference observed between devices should be due to baseband processing. For worse reference antennas probably the differences can be higher than in Test case 3.

Expected results are shown for a drive/pedestrian test. While static tests will not show such range of SNR/RSRP values, it is expected that for fixed received power conditions, the performance and the differences in performance should be similar.
Cumulative distribution functions (CDF) should also be calculated representing the throughput variations between devices and Test cases. The behavior should be similar to the one described above. Other metrics or statistics based on absolute throughput like average, median, max tput, can be used.
3. Conclusion
This contribution proposes to conduct a series of tests in order to evaluate likely field LTE performance, so it is possible to understand the impact of the antenna design together with the impairments from a complex, realistic radio propagation conditions.
Several test cases are proposed in order to understand the differences in the impact of the antenna and the baseband processing of the device.

It is kindly requested interested companies revise the proposal and provide feedback in order to reach common consensus on the interest and usefulness of this activity. In particular consensus should be agreed on the number and conditions of the test cases so that results are as meaningful as possible and can be correlated with potentially the results that can be obtained through any of the methods proposed in [3].
Although it is acknowledged that the results as experienced by the device while operating in the field may be difficult to understand, and directly not straight forward to compare with any of the results that can be obtained in a controlled lab setup, these should correlate within some accuracy and within some order of magnitude. Additionally it is likely that as an output of this activity test conditions may need to be modified so that they are adjusted to what a device is likely to experience and so operate in the field.
Objective is to conclude on the expected and likely differences between devices coupled with known reference antennas in the field.
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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