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1 Abstract

We present results from the Inter-Lab/Inter-Technique measurement campaign using the two-channel (decomposition) method. 
2 Introduction

This paper presents first results on tests as part of CTIA’s Inter-Lab / Inter-Technique measurement campaign [1] with the two-channel method using two phones with the related reference antennas. In the decomposition method results are obtained both for a conducted measurement with channel fading applied, and for a radiated measurement without fading where the signal streams are transmitted by two antennas in a variety of 3D geometrical constellations. The paper shows a more extensive presentation of results also presented last week in CTIA’s MOSG meeting [2].
The set-up used corresponds to the usual environment [3], shown in Figure 1. In addition to the R&S®CMW500 Wideband Radio Communication Tester also the R&S®AMU200A Baseband Signal Generator and Fading Simulator was used. With the help of the AMU200A the signals were faded where applicable, and AWGN was added after fading. 

Figure 2 shows the instruments used in more detail. The communication between CMW500 and AMU200A is using the baseband (BB)  signals (I/Q). The RF signal then is generated again in the CMW500.
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Figure 1: Schematic of MIMO OTA test system supporting two-channel method
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Figure 2: Block diagram of test system for conducted (left) and radiated (right) tests
The following versions of firmware in the instruments were utilized during tests:

R&S CMW500 Wideband Radio Communication Tester:
BASE:


3.0.11.16 (Beta)
LTE-Sign.:
3.0.20.8
(Release)

R&S AMU200A Baseband Signal Generator and Fading Simulator:
Firmware:

2.20.360.68 (Release)

The devices used for the tests were:

· HTC Rezound, band 13, MOSG-RD-13-02
· Samsung Galaxy, band 7, MOSG-RD-07-05

· Reference antennas for band 13, good, nominal, bad, MOSG-RA-13-2
· Reference antennas for band 7, good, nominal, MOSG-RA-07-2
In Figure 3 we show the conditions of the two phones. Especially the cables of the Samsung do not look very stable..
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Figure 3: HTC Rezound (left) and Samsung Galaxy (right) UEs with attached cables
If no special remarks are given, the instructions for the IL/IT comparison testing [1] are applied.
3 Conducted MIMO performance
3.1 General information

Each UE was placed in a shielded anechoic box during all conducted measurements to avoid any influence of the electromagnetic environment on the results.
For measurements of the conducted MIMO performance without channel impairments (section 4.2 of [1]), we were not only using the 3GPP channel matrix [image: image6.png]H:[O.S 0.5¢/™/2
05 0.591’"/1]



 (see appendix B.1 in [4]) but also the Identity channel matrix [image: image7.png]


. The 3GPP matrix could be either applied within the R&S CMW500 or within the R&S AMU200A.

For the conducted testing temporal fading and spatial correlation was used. To account for spatial correlation at the base station antennas, we defined the correlation using the Kronecker model of MIMO channel correlation matrix (see appendix B.2.3 in [4]). The eNodeB correlation parameter ( = 0.12 was set for the cross-polarization XPR = 9 dB of the base station antennas defined in the SCME channel models (see section 3.2 of [1]). No UE correlation was assumed, β = 0:


[image: image8.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

1

0

12

.

0

0

0

1

0

12

.

0

12

.

0

0

1

0

0

12

.

0

0

1

1

1

1

1

*

*

*

*

*

*

*

*

b

a

b

a

b

b

a

a

a

ab

b

ab

a

b

spat

R


Temporal fading was used according to the power delay profiles (PDP) of the SCME channel models. We simplified the SCME models in two alternative ways. One simplification called “HiRes” is using a delay resolution of 5 ns but is restricted to 6 taps with the R&S AMU200A. Only the six taps with highest power are kept. The other simplification is named “LowRes” and works with a 10 ns delay resolution allowing up to 12 taps. Adjacent taps falling onto the same delay are added in power.

The following tables list the parameters for the two simplifications, HiRes and LowRes for the SCME models Umi and Uma.
	SCME Urban micro-cell

	CTIA
	AMU200A Umi_HiRes
	AMU200A Umi_LowRes

	Delay [ns]
	Power [dB]
	Delay [ns]
	Power [dB]
	Delay [ns]
	Power [dB]

	0
	-3.0
	0
	-3.0
	0
	-0.95

	5
	-5.2
	5
	-5.2
	
	

	10
	-7.0
	10
	-7.0
	10
	-7.00

	205
	-5.7
	205
	-5.7
	
	

	210
	-7.9
	
	
	210
	-3.65

	215
	-9.7
	
	
	220
	-9.70

	285
	-4.3
	285
	-4.3
	
	

	290
	-6.5
	290
	-6.5
	290
	-2.25

	295
	-8.3
	
	
	300
	-8.30

	660
	-7.3
	
	
	660
	-5.25

	665
	-9.5
	
	
	
	

	670
	-11.3
	
	
	670
	-11.30

	805
	-9.0
	
	
	
	

	810
	-11.2
	
	
	810
	-6.95

	815
	-13.0
	
	
	820
	-13.00

	925
	-11.4
	
	
	
	

	930
	-13.6
	
	
	930
	-9.35

	935
	-15.4
	
	
	940
	-15.40


Table 1: Channel parameters Umi

	SCME Urban macro-cell

	CTIA
	AMU200A Uma_HiRes
	AMU200A Uma_LowRes

	Delay [ns]
	Power [dB]
	Delay [ns]
	Power [dB]
	Delay [ns]
	Power [dB]

	0
	-3.0
	0
	-3.00
	0
	-0.95

	5
	-5.2
	5
	-5.20
	
	

	10
	-7.0
	10
	-7.00
	10
	-7.00

	255
	-4.7
	255
	-4.70
	
	

	260
	-6.9
	260
	-6.90
	260
	-2.65

	265
	-8.7
	
	
	270
	-8.70

	360
	-5.2
	360
	-5.20
	360
	-3.15

	365
	-7.4
	
	
	
	

	370
	-9.2
	
	
	370
	-9.20

	1040
	-8.2
	
	
	1040
	-6.15

	1045
	-10.4
	
	
	
	

	1050
	-12.2
	
	
	1050
	-12.20

	2730
	-12.1
	
	
	2730
	-10.01

	2735
	-14.3
	
	
	
	

	2740
	-16.1
	
	
	2740
	-16.10

	4600
	-15.5
	
	
	4600
	-13.45

	4605
	-17.7
	
	
	
	

	4610
	-19.5
	
	
	4610
	-19.50


Table 2: Channel parameters Uma

Since we did not observe variations in the results requiring a higher number of LTE subframes when evaluating the throughput, we used 2000 subframes for measurements without fading and 5000 subframes with fading.
Please note also that per instructions in [1] the TP curves are recorded only down to a level of 70 % relative TP. 
3.2 Conducted MIMO performance without channel impairments
In Figure 4 the results are shown for open-loop spatial multiplexing (OLSM) for R.35 (64QAM) and R.11 (16QAM) channel settings and transmit diversity (TD) R.11. Duplication of throughput by applying OLSM instead of TD is clearly seen, and also the even higher TP due to higher modulation and coding scheme (MCS) settings. At the same time the sensitivity threshold is shifted to higher power levels.
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Figure 4: Conducted results HTC without channel impairments, different MCS values
In more detail, we then measured with different settings for the channel matrix H. In Figure 5, Figure 6 and Figure 7 the curves are shown for the channel matrix set to identity, and two curves for the channel matrix as per 3GPP, where the generation of this channel matrix was set using either the R&S CMW500 or the R&S AMU200A. Differences are very small and are considered to be within the measurement uncertainty. Generally,  the identity matrix measurements show slightly better sensitivity.
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Figure 5: Conducted results HTC, no fading, OLSM, RMC = R.35
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Figure 6: Conducted results HTC, no fading, OLSM, RMC = R.11
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Figure 7: Conducted results HTC, no fading, TD, RMC = R.11
3.3 Conducted MIMO performance with channel impairments
For the following measurements we applied the fading to BB signals according to the settings described in section 3.1. Figure 8, Figure 9 and Figure 10 show the results for the same reference channels and transmission modes.
All the curves now are recorded as function of SNR, as described in [1]. Again, a higher TP value in general requires a higher SNR value. For comparison, the curve without channel impairments is added. The effect of the channel fading is seen to make the curves much flatter, i.e. where the unfaded channel changes from maximum TP to no TP within 1 dB, the same change in TP for a faded signal is spread over around 10 dB.
Comparing the different channel models, we do not observe a clear indication that the channel model affects the results. More important is the inclusion of the value for α = 0.12 for the correlation on the BS antenna side. With the correlation included, sensitivity deteriorates by around 2 dB. Looking into the two simplifications of the original channel models, however, there is only a very small tendency of obtaining the same high TP value only at higher SNR, where low TP values are correlated to smaller SNR. In other words, the curves for HiRes simplifications are less steep than the ones for LowRes. Compare red/green curves in Figure 8 with blue/black curves.
The same behavior is seen for RMC R.11. But for the case of transmission mode TD and RMC R.11, adding correlation improves sensitivity, opposite to the OLSM results.

With respect to the curve without impairments it is worth noticing that this curve cuts through the curves with channel impairments at different TP levels. In OLSM / R.35, the curves come together around TP = 0; for OLSM / R.11 the crossing occurs at about 2 Mbit/s. Finally, for TD / R.11 the curves cross at 4 MBit/s which is an even more noticeable relative TP level.
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Figure 8: Conducted results HTC with fading, OLSM, RMC = R.35
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Figure 9: Conducted results HTC with fading, OLSM, RMC = R.11
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Figure 10: Conducted results HTC with fading, TD, RMC = R.11
The following figures show similar curves for the Samsung Galaxy. There are only very small differences between the two devices.
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Figure 11: Conducted results Samsung with fading, OLSM, RMC = R.35
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Figure 12: Conducted results Samsung with fading, OLSM, RMC = R.11
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Figure 13: Conducted results Samsung with fading, TD, RMC = R.11
4 Radiated MIMO performance

4.1 General information

The radiated performance was measured with a frequency-flat channel, i.e. with an identity static channel matrix.

The following set of 36 spatial constellations was used throughout most radiated tests:

	Geometrical constellations

	Parameter
	Value
	Description

	φ
	0°, 30°, 60°,…, 150°
	azimuth position (total of 6), φ2 = φ1 + 180°

	θ1 = θ2
	15°, 45°, 75°, …, 165°
	elevation position (total of 6) of test antennas

	M
	36 ( 4 = 144
	Spatial constellations times polarization combinations


Table 3: Constellations for OLSM test

At each constellation four polarization combinations of test antennas were used: φ – φ, θ – θ, φ – θ, θ – φ.

Please note that per instructions in [1] the TP curves are recorded only down to a level of 70 % relative TP. 

The reference antennas were placed on the azimuth positioner as seen in Figure 14. Since in the two-channel method the geometry is different from the arrangement in a multi-probe environment, we partly did perform measurements both with vertical polarization (as requested by [1]) and with horizontal polarization (closer to the situation of a multi-probe environment). Please note that the red dot on the left picture is the Laser for verifying the position in the horizontal axis.
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Figure 14: UE orientation during radiated test: vertical (left) and horizontal (right)
4.2 Radiated results
The results of the measurements are seen in the following figures.
In Figure 15 we see the averaged results for the HTC UE with all three reference antennas using OLSM and RMC = R.35. The averaged throughput TPav was calculated from a set of throughput measurements TPm according to
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The blue curves show the results when placing the UE in vertical position. A clear separation of the three curves is seen at high TP values. Compared to measurements in the previous round robin test [5] or to some preliminary tests with reference antennas [6] where the curves were recorded as function of downlink power rather than as function of SNR, the separation gets smaller when decreasing the SNR level. It seems that this different behavior is caused by superimposing noise on the DL LTE signals radiated towards UE.
Turning the reference antenna into the vertical orientation gives similar answers but not exactly the same values. In a later analysis we are going to provide a detailed explanation for this fact. In short, the constellations are used in a specific geometric arrangement which has been selected for simplicity. It may be required to adjust the used constellations in order to find an optimum coverage of the sphere around the UE. See also [7] for a discussion on the matter.
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Figure 15: Radiated throughput, HTC, OLSM R.35, averaged over 144 constellations
Figure 16 and Figure 17 show the results for the other transmission modes and RMC settings. Similar separation between the reference antennas are observed for RMC R.11 and OLSM, but for TD and RMC R.11 the separation between the antennas vanishes.
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Figure 16: Radiated throughput, HTC, OLSM R.11, averaged over 144 constellations
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Figure 17: Radiated throughput, HTC, TD R.11, averaged over 144 constellations
The radiated measurements with the Samsung device are not quite conclusive and are not yet presented. We assume that the antenna connection might be a cause for the strange results obtained.

5 Conclusions

We draw the following conclusions:

· The two-channel method allows to clearly observe the ranking between the different reference antennas.
· It will be required to decide if a measurement with controlled SNR is better suited for performance measurements than a measurement where the platform noise is mainly determining the UE’s sensitivity.
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