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1 Abstract
This TP proposes the text and the figures to be included in section 10.1 of TR 37.977, describing the results of CTIA’s IL/IT measurement campaign phase 2 performed with the decomposition method.
2 Introduction

The results of CTIA’s IL/IT measurement campaign [1] performed with the decomposition method are extracted from document R4-134269 [2]and presented here for inclusion in section 10.1 of TR 37.977 [3]. 
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4 Text Proposal


--- Text Proposal starts ---

10
Measurement Results from Outside of 3GPP

10.1
CTIA
--- (unchanged text omitted) ---

10.1.x
Results for Decomposition Method
10.1.x.1
Conducted test results

Conducted measurements with various channel models were performed according to Figure 12.x.4.1-1. The most basic channel model (CM) is the identity static channel matrix without fading.
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This matrix provides a frequency flat transfer characteristic that does not change over time. Since non-diagonal elements of the channel matrix are zero, each RF port of the UE receives a single LTE data stream. This ideal CM characterizes the noise figure of the MIMO receiver and acts as a “baseline” for further testing.

Two real-world channel models with Rayleigh fading (tSCME UMi MC/A and UMa MC/B) were implemented according to the CTIA IL/IT document. Note that for this measurement campaign the UMa model was modified by reducing the AoD values by 15 degrees, indicated by the nomenclature UMa MC/B. The models are based on SCME channel models but highlight the temporal aspects. In order to distinguish them from the original SCME models, they are named tSCME for clarity. The AoA distribution is not applicable to the decomposition method since measurements with the channel model are done in conducted tests. 

Due to restrictions in the hardware used during this measurement campaign, the channel model implementation had been limited to the six taps with highest power. A further simplification was applied having a value of α common to all clusters m.
Constant channel parameters of CM = Identity allow reduction of minimum number of subframes for throughput evaluation, e.g., throughput was measured over 400 and 20,000 subframes using identity and fading channel models respectively.

The conducted test results for the HTC Rezound (band 13) are presented in Figure 10.1.x.1-1. The tSCME UMa MC/B results are approximately 2 dB worse for the same TP value than the tSCME UMi MC/A results due to the higher BS correlation coefficient of UMa MC/B. 
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Figure 10.1.x.1-1: Conducted curves for three channel models 
(Test condition: HTC Rezound with R.35 in Band 13)

10.1.x.2
Radiated test results

Radiated tests were performed for three versions of the CTIA Band 13 reference antenna (“good”, “nominal”, and “bad”). Each reference antenna was tested in three orientations. 
Having measured all curves of throughput vs. power for each constellation, the results are then averaged. Averaged curves are obtained by evaluating the average downlink power per throughput. In order to get the correct average, the following formula is applied:
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where PDL(d, i) is the downlink power expressed as the RS EPRE level in dBm / 15 kHz corresponding to a throughput value of d, and for a constellation i. PDL(d) is then the averaged downlink power expressed as the RS EPRE level in dBm / 15 kHz for a throughput value of d, averaged over 128 constellations. For the sum, the power has to be taken in linear quantities (mW) and not in dBm. The maximum TP per curve shown in the figure is the average of reached TP over the constellations (capping). The results are presented in Figure 10.1.x.2-1.
Differentiation between devices with good, nominal and bad antennas can clearly be noticed. At the same time, the differences between device orientations are very small which clearly validates the growth pattern constellation approach. In the worst case (bad reference antenna) the separation between the different orientations amounts to around 1.1 dB. In order to obtain even better agreement between different device orientations, a higher number of constellations could be chosen which on the other hand would result in longer measurement times. The choice of 128 different constellations is a very good balance between test time and convergence of test results with regards to UE orientation. 
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Figure 10.1.x.2-1: Radiated throughput curves for the three CTIA reference antennas placed in three orientations

10.1.x.3
Decomposition test results

Figure 10.1.x.3-1 and Figure 10.1.x.3-2 show decomposed curves of throughput vs. DL power for the channel models UMi MC/A and UMa MC/B where the vertical orientation of the reference antennas was used in the radiated test. The differentiation of the reference antennas always stays the same since power offsets between curves are not changed. All throughput curves equally change their power offset depending on the channel model parameters. 
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Figure 10.1.x.3-1: Throughput curves (decomposition method) for UMi MC/A channel model


[image: image6]
Figure 10.1.x.3-2: Throughput curves (decomposition method) for UMa MC/B channel model

Clear separation of the throughput curves for the different reference antennas is observed for UMi and UMa channel models.

10.1.x.4
Comparison to other methods in anechoic chambers
The raw data provided from Intel and Satimo were postprocessed applying the same averaging formula as given in section 10.1.x.2. No capping to a reduced maximum throughput was performed for these data. The nomenclature follows R4-133094: IN = Intel, SA = Satimo, RS = Rohde & Schwarz. The antennas are referenced as G = good, N = nominal, B = bad. Since there were no results for individual orientations available for Agilent, their curves could not be included in this analysis. Numerical comparisons were performed at a throughput level of 70 %.

In Figure 10.1.x.4-1 the results for UMi are shown. The data included from the decomposition method are using the vertical orientation of the reference antennas.

For the good reference antenna our curve is at higher downlink power than the other curves. Since the decomposition makes a full 3D analysis of the antenna performance, this is not surprising.

Also for the nominal reference antenna the R&S curve is at higher power levels. It has to be noted, however, that the curve would have been closer to the Agilent data. There are 3 to 4 dB difference to the curves from Intel and Satimo. The separation between good and nominal antennas is better observed with R&S and Agilent than with Intel and Satimo.

The nominal reference antenna gives a curve which is close to the Agilent data. There are 1.5 to 5 dB difference to the curves from Intel and Satimo. The separation between good and nominal antennas is better observed with R&S than with Intel and Satimo.

This tendency of a shift towards higher power is continued at the bad antenna results as well. 


[image: image7]
Figure 10.1.x.4-1: Curves of the IL/IT testing, comparison of labs and methods; UMi channel model
To describe the curves more quantitatively, the analysis started in R4-133094 is extended here. For each curve the value at the throughput value of 24.797 MBit/s (70 % of nominal throughput) is taken, and the separation between the antennas is obtained as seen in Table 10.1.x.4-1.

Table 10.1.x.4-1 Distinction of antennas using the UMi channel model
	Lab
	Good to Nominal
[dB]
	Nominal to Bad
[dB]
	Good to Bad
[dB]

	Intel
	1.7
	5.2
	6.9

	Satimo
	1.5
	7.2
	8.7

	Rohde & Schwarz
	2.9
	5.1
	7.9


Looking into the differences between methods taking the same antennas we obtain the values as given in Table 10.1.x.4-2:

Table 10.1.x.4-2 Distinction of methods using the UMi channel model
	labs
	Good 
	Nominal
	Bad
	average

	IN – SA
	1.7
	1.9
	-0.1
	1.1

	RS – IN
	1.6
	2.7
	2.6
	2.3

	RS – SA
	3.3
	4.6
	2.5
	3.4


The rather large difference between R&S and Satimo for the nominal antenna is correlated to the very small difference between good and nominal antenna for Satimo.

Now let’s look to the data with the UMa MC/B channel model. Figure 10.1.x.4-2 shows all the curves. Please note that the line style per lab is not identical to the previous figure but kept the same from R4-133094.

The newly added curves for the decomposition method are rather close to the other curves.
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Figure 10.1.x.4-2: Curves of the IL/IT testing, comparison of labs and methods; UMa MC/B channel model
Similar to the UMi case we can again look for the differences between the reference antennas for each of the test sets. 

Table 10.1.x.4-3 Distinction of antennas using the UMa MC/B channel model
	Lab
	Good to Nominal
[dB]
	Nominal to Bad
[dB]
	Good to Bad
[dB]

	Intel
	1.2
	5.5
	6.6

	Satimo
	3.2
	5.3
	8.5

	Rohde & Schwarz
	2.9
	5.1
	7.9


Looking into the differences between methods taking the same antennas we obtain the values as given in Table 10.1.x.4-4:

Table 10.1.x.4-4 Distinction of methods using the UMa MC/B channel model
	labs
	Good 
	Nominal
	Bad
	average

	SA – IN
	0.1
	2.1
	2.0
	1.4

	RS – IN
	0.1
	1.8
	1.4
	1.1

	SA – RS
	0.0
	0.3
	0.5
	0.3


It can be seen from these values that the labs are closer together than for UMi. 
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