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1. Introduction

A Study Item to define a 3GPP methodology for measuring the radiated performance of multiple antenna reception and MIMO receivers in the UE has been in progress [1] [2].  A round-robin test event was held in 2010 using HSPA devices [3], the purpose of which was to validate candidate MIMO OTA test methodologies.  Azimuth presented its results and analysis from this event in [4] and [5].

A similar round robin is now nearing completion LTE devices.  This submission is an update of [10] from the RAN4#59 meeting and contains test results obtained by Azimuth Systems for Pool 4 devices..  The test methodology employed was based on the technique described in [6] and [7], which pairs a MIMO channel emulator and a reverberation chamber to produce OTA conditions not otherwise possible.
The results include measurements made on three round robin DUTs, using the SCME UMi and UMa channel models, with 16-QAM and 64-QAM downlink modulations, and spanning a range of power at the DUT of 45 dB.
2. Test Conditions
The tests were conducted using the methodology for reverberation chambers described in [8].  Some differences from [8] were necessary; these will be noted as appropriate.
Equipment
The Pool 2 Round Robin devices were provided by the CTIA and are listed below:

· Dell D430 Laptop

· Huawei E398 USB dongle
· ZTE AL621 USB dongle
The Pool 4 Round Devices are listed below:

· Dell D420 Laptop (Pool 4 Host 2)

· Pantech UML290 (Pool 4 DUT 4)

· Pantech UML290 (Pool 4 DUT 3) – this device would not connect and was not used.

The major test equipment used is listed below:

· NodeB emulator: Rohde & Schwartz CMW-500
· Channel emulator: Azimuth Systems ACE MX

· Reverberation chamber: 4 transmit antennas, turntable and stirrer
It’s important to note that the Pool 4 devices are Band 13 devices (750 MHz) while the Pool 2 devices were Band 7 (2600 MHz).
ZTE AL621 Device
The ZTE device presented a problem as it does not plug directly into the laptop’s USB port.  Instead, it is attached to the end of a USB cable approximately 45 cm long.  This raised the significant issue of how position the device for repeatable testing.

In the end, it was decided to place the device on a Styrofoam block, positioned at the back of the laptop near the USB ports.  The cable was allowed to hang without touching anything else.
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Figure 1.  Photograph depicting the setup of the ZTE device.

Environment
Figure 2 below shows the general test environment used.  This is the same environment described in [4].  The two output ports of the eNodeB emulator are connected to the channel emulator, which drives a set of up to four antennas through some RF amplifiers.  The DUT is placed on a turntable in such a way that the DUT antennas are near the edge of the turntable.  This maximizes the physical motion within the chamber during a test, which improves the mode stirring.  Four transmit antennas were placed in the corners of the chamber and used to create a more statistically accurate fading environment.  A return path antenna was placed close to the DUT.  This antenna was very small so that the radiation pattern of the DUT was not disturbed.
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Figure 2.  General test setup.
Calibration

One of the most important parameters of the test is the average signal level present at the DUT location.  The procedure used in these tests was as follows.
Using a network analyzer, the path loss was measured for a single wall antenna path to the reference antenna.  The path was measured as the turntable and stirrer was in motion, and when these completed a sweep, the average path loss was computed.  This was repeated for each wall antenna to produce four average path loss values.  Since it is possible for these values to be different, the channel emulator was used to provide attenuation on the lower-loss paths to match as closely as possible the end-to-end losses.  Finally, the signal level present at the DUT is computed as the sum of the power provided at the DUT location from each wall antenna.
Another key parameter is the efficiency of the reference antenna.  This must be known in order to compute the correct field strength at the DUT location.  The results shown Section 3 do account for this, as well as all cable losses in the system.

RMS delay spread was computed using the direct method described in [8], and RF absorber was added to achieve the desired delay spread.  The delay spread achieved for the throughput measurements was 30 ns.
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Figure 3.  Calibration setup.
Channel Models

The channel models specified for the RR testing are the SCME wide (15 deg RMS AS) Urban Macro (UMa) and the SCME Urban Micro (UMi) [8] [9].  Results are presented using these models.

The channel models require per-tap specification of the BS correlation to simulate a BS array consisting of two omnidirectional vertically polarized antenna elements spaced 10 wavelengths apart.  The transmit correlation matrices were computed using the directional parameters of the selected model using a 2-element uniform linear array as specified in Table 1.  This gives 
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 as a 2x2 matrix with per-tap correlation values taken from the appropriate row and column of the table.  The MS correlation matrices are simply 4x4 identity matrices.

The overall MIMO channel correlation matrix is the standard Kronecker product of the transmit and receive correlations:
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In [10], it was stated that the SCME UMa 8 degree model was used for all tests.  This was an error.  All LTE RR data presented by Azimuth was obtained using either the SCME UMa 15 degree or SCME UMi channel models.  The table below has been corrected to show values for this model.
	Excess delay tap
	SCME UMa 15 degrees RMS AS
	SCME UMi

	
	BS AoD°
	Correlation for 10 spacing, ASD=2°
	BS AoD°
	Correlation for 10 spacing, ASD=5°

	1
	–127.28
	 0.5144 + 0.1347i
	  6.6
	 0.0365 + 0.0515i

	2
	–136.81
	 0.2510 + 0.3602i
	 14.1
	 0.0115 – 0.1418i

	3
	–129.97
	–0.2519 + 0.4346i
	 50.8
	–0.0620 + 0.0228i

	4
	 –96.22
	 0.8931 + 0.3798i
	 38.4
	 0.0200 + 0.0954i

	5
	–159.60
	–0.3201 – 0.0264i
	  6.7
	 0.0331 + 0.0537i

	6
	 173.19
	 0.1146 + 0.2735i
	 40.3
	–0.1008 + 0.0177i


Table 1.  Correlation values used for RTx.  BS AoD and ASD values are taken from [8].
Doppler
Doppler conditions were omitted from [10]; they are added here, along with the conditions for the Pool 4 device.
	DUT Pool
	Max Doppler (Hz)
	Chamber Doppler (Hz)

	Pool 2
	5.0
	0.16 Hz

	Pool 4
	2.1
	0.07 Hz


The max Doppler was selected to correspond to a low physical speed of 2 to 3 km/hr.  The chamber Doppler is due to the motion of the turntable and is proportional to the revolutions per minute at which it turns.  The goal is to make the chamber Doppler much lower than the emulator Doppler so that over a relatively short time scale the fading is dominated by the emulator fading and hence appears Rayleigh.
eNodeB Configuration

The eNodeB emulator was configured according to Table B.2.4.1-2 of [8].  This table is repeated at the end of this submission for reference.
Measurement Procedure
The test plan in [8] specifies that 20,000 subframes be transmitted for measuring throughput.  This lasts about 20 seconds and is insufficient to get the full effect of stirring in the chamber.  For the Pool 2 tests, Azimuth ran 50,000 subframes, per signal level, lasting for about 50 seconds, while the stirring motions ran through one entire repetition.  This was extended to 74,000 subframes (about 75 seconds) for the Pool 4 device, due to the lower max Doppler frequency.  The signal power increments for the Pool 4 device were 1 dB steps, while for the Pool 2 devices, the signal power increments were 2 dB.  The resulting measured throughput was averaged to produce the points on the plots in Section 3.
3. Test Results
The main results are presented below in (Figure 4 and Figure 5).  Each graph shows the performance measured for both round robin devices.
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Figure 4.  16-QAM downlink signal (a) UMa, (b) UMi.

[image: image8.emf]0

10

20

30

40

50

60

70

-95 -90 -85 -80 -75 -70 -65 -60 -55

Throughput (Mbps)

RS_EPRE At DUT (dBm)

(a) SCME UMa - 64 QAM

Max Theoretical

Huawei E398

ZTE AL621

Pantech UML-290

[image: image9.emf]0

10

20

30

40

50

60

70

-95 -90 -85 -80 -75 -70 -65 -60 -55

Throughput (Mbps)

RS_EPRE At DUT (dBm)

(b) SCME UMi - 64 QAM

Max Theoretical

Huawei E398

ZTE AL621

Pantech UML-290


Figure 5.  64-QAM downlink signal (a) UMa, (b) UMi.
4. Discussion

These results show a clear and consistent difference in the performance of the two round-robin devices.  In all cases, the E398 performed better than the AL621.
For both 16-QAM cases, the throughput curves look very similar, with the only real difference is a shift of approximately 4 dB between them.  For the 64-QAM cases, the differences are more significant.  The descending portion of the curves is separated by approximately 11 dB, a significant difference.
The AL621 device shows an undesirable behavior at high signal levels.  First, the maximum throughput is not achieved at the maximum signal level.  As the signal level is reduced, the throughput drops significantly, and then rises again as the signal level is further reduced.  In the UMi case, it is in the section of the curve where this rise occurs that the throughput reaches close to the theoretical maximum.  This strange behavior would seem to indicate a problem in the AGC circuitry of the device.

The UML290 device performs about 11 to 13 dB worse than the lowest performing Pool 2 (Band 7) device.  This difference is about the same for both 16-QAM and 64-QAM.  This is attributed to the fact that the test was performed with the DUT plugged into a laptop, and the laptop produced much noise in this frequency band [11].  It is interesting to note that the difference between the performance using the fiber optic connection and using a direct laptop connection is about 12 dB, the same as the degradation seen in the results herein.  This would imply that the laptop introduces a 12 dB degradation in SNR performance.
5. Conclusions

Azimuth Systems completed the LTE Round Robin and includes its results here for comparison with the results obtained by other round robin participants.
The inclusion of a device that must be connected to the end of a cable is not helpful for repeatability and reproducibility when conducting a round robin test effort.  It would have been better to use a device that plugs in directly.  However, this does point to an issue that needs to be addressed so that repeatable certification tests are possible with such devices.
It is interesting to see the performance of devices designed to operate at lower frequencies as they seem to be impacted to a great degree by platform noise introduced by the test laptop.  This would almost seem to indicate that it is more important to test the laptop noise performance than the LTE device performance, since the laptop is the bottleneck of performance.  One option is to test using fiber optic connections [11] to eliminate the laptop effect.  However, if all laptops introduce such noise, it is not fair to penalize a device for not meeting specifications in an environment in which it will never operate under normal circumstances.  On the other hand, perhaps the “clean” measurement will drive laptop performance to be better.  It remains to be seen whether the radio link can usefully operate with a 12 dB degradation in the link budget.
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[8] Table B.2.4.1-2: Parameter settings for eNodeB emulator
	Parameters (Note 1)
	Unit
	Value 

	
	
	Signal level (Note 2)

	Parameters
	Unit
	middle
	high

	Physical channel

	Connection mode of UE
	
	Connection established

	DL MIMO mode
	
	2 x 2 open loop spatial multiplexing

	Duplex mode
	
	FDD

	Operating band
 (UL channel, 
DL channel)
	
	band 7 (21100, 3100)
band 20 (24300, 6300)

	Schedule tyoe
	
	Reference Measurement Channel (RMC)

	Reference Channel
	
	R.11 (Note 3)
	not applicable (Note 4)

	Bandwidth DL
	MHz
	10

	Number of RBs DL
	
	50

	Start RB DL
	
	0

	Modulation DL
	
	16QAM
	64QAM

	TBS Idx DL
	
	13 (RMC defined)
	24 (RMC defined)

	Bandwidth UL
	MHz
	10

	Number of RBs UL
	
	50

	Start RB UL
	
	0

	Modulation UL
	
	QPSK
	16QAM

	TBS Idx UL
	
	6 (RMC defined)
	19 (RMC defined)

	Transmit power control
	dBm
	-10, open loop (Note 5)

	PDSCH power offset relative to RS EPRE
	dB
	A = -3
B = -3

	Number of HARQ transmissions
	
	1 (no HARQ re-transmissions)

	AWGN
	
	OFF

	DL power level 
(RS EPRE)
	dBm / 15 kHz
	Set at eNodeB simulator 
with correction from calibration

	Number of subframes for FOM measurement
	
	2000 minimum for static channel

20000 minimum for faded channel
(Note 6)
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