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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 performed with the decomposition method.
2 Introduction

This contribution is revised from R4-134443 in order to move the channel model description to Annex C. 
The results of CTIA’s IL/IT measurement campaign performed with the decomposition method are extracted from document R4-134269 and presented here for inclusion in section 10.1 of TR 37.977. The details of the channel model used are described in Annex C.4. Two references are added to Section 2.

It is assumed that version 0.7.0 of TR 37.977 will be approved at the beginning of the Barcelona meeting, and therefore that version is taken as the basis for this TP.

--- Text Proposal starts ---
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10
Measurement Results from Outside of 3GPP

10.1
CTIA
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. 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. The respective channel parameters are presented in Tables C.4-1 and C.4-2 where the right hand part of each table (“simplified 5 ns, 6 taps”) was used. 
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 result 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. 


[image: image2]
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 shown in the figure is the average of reached TP over the constellations where at least 70 % of nominal TP was reached (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 not more than 1.2 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. 


[image: image5]
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. 
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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. 

--- (unchanged text omitted) ---

Annex C: Other Environmental Test Conditions for Consideration (Informative)
C.1
Scope

This annex contains non standard channel models which are described for evaluation purposes. Approved channel models are described in section 8.2.
C.2
3D Isotropic Channel Models

--- (unchanged text omitted) ---

C.3
Verification of Channel Model Implementations

--- (unchanged text omitted) ---

C.4
Channel Models with Focus on Temporal Characteristics
The following tables contain the channel model parameters taken from section 8.2 (left part of the tables in this section) and simplified versions (right part). The channel models are based on SCME UMi and on UMa with a 15 degree offset in the AoD (UMa MC/B). To distinguish the models from the full geometrical SCME models, and to highlight that the temporal aspects of the channel model are considered most important, they are named “tSCME” models. Using this term allows easy identification of the channel models.

At the time doing some of the early measurements the test instrumentation was forcing some simplifications to be applied. There are two different ways of simplification mentioned. In [19] the comparison between such implementations does show that results are insensitive to which simplification is applied. For future measurement campaigns the left part of Table C.4-1 and Table C.4-2 will be used.

Please not also that in difference to the sorting in Section 8.2 where clusters were sorted by power levels, in this Annex the clusters are sorted by time in order to highlight the simplifications.

Relative UE speeds for each mth cluster vUE,m (per cluster, not per tap) were calculated according to the mth angle of arrival (AoAm), UE speed vUE and the direction of travel (DoT)

vUE,m = |vUE cos(AoAm – DoT)|
The emulated base station antennas shall be assumed to be dual polarized equal power elements with a fixed 0 λ separation, 45 degrees slanted. For each cluster of the channel models tSCME UMi and UMa the AoD value together with the antenna pattern of the base station antennas results in the coefficients αm of the correlation matrix. 
The correlation αm between the cross-polarized branches of the base station antenna system in the direction of the mth angle-of-departure AoDm is defined in [20] by
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 refer to the power imbalance between vertically and horizontally polarized signals, introduced by the base station antennas in the direction AoDm and the UE antennas, respectively. Since orientation of the UE antenna is random at typical use the mean power ratio between horizontal and vertical polarized field at the UE is 
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The channel models in Section 8.2 define 
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 and angles of departure AoDm. Vertically polarized radiated field is constant for all AoDm values and horizontally polarized field provides cosine amplitude variation. Therefore
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Using the presented above expressions the base station correlation coefficients αm for both channel models were calculated and are included in the following Tables.

The first two tables have in their right-hand part a simplification which keeps the six taps with highest power. In this implementation the time resolution of 5 ns can be met. A further simplification is applied having a value of α common to all clusters m. This model had been used during the IL/IT results reported in section 10.1.x.
Table C.4-1: tSCME UMi MC/A channel model parameters and simplified parameters (1)
	tSCME Urban micro-cell

	UMi MC/A
	UMi MC/A (simplified 5 ns, 6 taps)

	Delay [ns]
	Power [dB]
Pm
	Speed [km/h]
vUE,m
	alpha
m 
	beta
m
	Delay [ns]
	Power [dB]
Pm
	Speed [km/h]
vUE,m
	alpha
m 
	beta
m

	0
	-3.0
	14.68
	0.007
	0
	0
	-3.0
	14.68
	0.13
	0

	5
	-5.2
	
	
	
	5
	-5.2
	
	
	

	10
	-7.0
	
	
	
	10
	-7.0
	
	
	

	205
	-5.7
	26.94
	0.429
	
	205
	-5.7
	26.94
	
	

	210
	-7.9
	
	
	
	
	
	
	
	

	215
	-9.7
	
	
	
	
	
	
	
	

	285
	-4.3
	20.54
	0.031
	
	285
	-4.3
	20.54
	
	

	290
	-6.5
	
	
	
	290
	-6.5
	
	
	

	295
	-8.3
	
	
	
	
	
	
	
	

	660
	-7.3
	26.11
	0.239
	
	
	
	
	
	

	665
	-9.5
	
	
	
	
	
	
	
	

	670
	-11.3
	
	
	
	
	
	
	
	

	805
	-9.0
	19.84
	0.007
	
	
	
	
	
	

	810
	-11.2
	
	
	
	
	
	
	
	

	815
	-13.0
	
	
	
	
	
	
	
	

	925
	-11.4
	15.50
	0.265
	

	930
	-13.6
	
	
	

	935
	-15.4
	
	
	


Table C.4-2: tSCME UMa MC/B channel model parameters and simplified parameters (1)
	tSCME Urban macro-cell (-15 deg offset)

	UMa MC/B
	UMa MC/B (simplified 5 ns, 6 taps)

	Delay [ns]
	Power [dB]
Pm
	Speed [km/h]
vUE,m
	alpha
m 
	beta
m
	Delay [ns]
	Power [dB]
Pm
	Speed [km/h]
vUE,m
	alpha
m 
	beta
m

	0
	-3.0
	17.63
	0.735
	0
	0
	-3.0
	17.63
	0.77
	0

	5
	-5.2
	
	
	
	5
	-5.2
	
	
	

	10
	-7.0
	
	
	
	10
	-7.0
	
	
	

	255
	-4.7
	27.62
	0.689
	
	255
	-4.7
	27.62
	
	

	260
	-6.9
	
	
	
	260
	-6.9
	
	
	

	265
	-8.7
	
	
	
	
	
	
	
	

	360
	-5.2
	8.27
	0.707
	
	360
	-5.2
	8.27
	
	

	365
	-7.4
	
	
	
	
	
	
	
	

	370
	-9.2
	
	
	
	
	
	
	
	

	1040
	-8.2
	1.31
	0.976
	
	
	
	
	
	

	1045
	-10.4
	
	
	
	
	
	
	
	

	1050
	-12.2
	
	
	
	
	
	
	
	

	2730
	-12.1
	25.69
	0.995
	
	
	
	
	
	

	2735
	-14.3
	
	
	
	
	
	
	
	

	2740
	-16.1
	
	
	
	
	
	
	
	

	4600
	-15.5
	22.71
	0.997
	

	4605
	-17.7
	
	
	

	4610
	-19.5
	
	
	


Another sort of simplification was used throughout the channel model validation measurements reported in Section 8.4.x. In order to better use the variety of taps in the channel model, we used a simplification with the following criteria: Set time resolution to 10 ns; combine taps which fall into the same delay bin by adding their power. The value of the correlation coefficients αm is calculated per cluster. With these constraints 10 taps could be generated in the fading simulator. The left-hand side of the tables is unchanged and provided for easier comparison.
Table C.4-3: tSCME UMi MC/A channel model parameters and simplified parameters (2)
	tSCME Urban micro-cell

	UMi MC/A
	UMi MC/A (simplified 10 ns, 10 taps)

	Delay [ns]
	Power [dB]
Pm
	Speed [km/h]
vUE,m
	alpha
m 
	beta
m
	Delay [ns]
	Power [dB]
Pm
	Speed [km/h]
vUE,m
	alpha
m 
	beta
m

	0
	-3.0
	14.68
	0.007
	0
	0
	-1.0
	14.68
	0.007
	0

	5
	-5.2
	
	
	
	
	
	
	
	

	10
	-7.0
	
	
	
	10
	-7.0
	
	
	

	205
	-5.7
	26.94
	0.429
	
	
	
	26.94
	0.429
	

	210
	-7.9
	
	
	
	210
	-3.7
	
	
	

	215
	-9.7
	
	
	
	220
	-9.7
	
	
	

	285
	-4.3
	20.54
	0.031
	
	
	
	20.54
	0.031
	

	290
	-6.5
	
	
	
	290
	-2.3
	
	
	

	295
	-8.3
	
	
	
	300
	-8.3
	
	
	

	660
	-7.3
	26.11
	0.239
	
	660
	-5.3
	26.11
	0.239
	

	665
	-9.5
	
	
	
	
	
	
	
	

	670
	-11.3
	
	
	
	670
	-11.3
	
	
	

	805
	-9.0
	19.84
	0.007
	
	
	
	19.84
	0.007
	

	810
	-11.2
	
	
	
	810
	-7.0
	
	
	

	815
	-13.0
	
	
	
	820
	-13.0
	
	
	

	925
	-11.4
	15.50
	0.265
	

	930
	-13.6
	
	
	

	935
	-15.4
	
	
	


Table C.4-4: tSCME UMa MC/B channel model parameters and simplified parameters (2)
	tSCME Urban macro-cell (-15 deg offset)

	UMi MC/A
	UMi MC/A (simplified 10 ns, 10 taps)

	Delay [ns]
	Power [dB]
Pm
	Speed [km/h]
vUE,m
	alpha
m 
	beta
m
	Delay [ns]
	Power [dB]
Pm
	Speed [km/h]
vUE,m
	alpha
m 
	beta
m

	0
	-3.0
	17.51
	0.735
	0
	0
	-1.0
	17.51
	0.735
	0

	5
	-5.2
	
	
	
	
	
	
	
	

	10
	-7.0
	
	
	
	10
	-7.0
	
	
	

	255
	-4.7
	27.57
	0.689
	
	
	
	27.57
	0.689
	

	260
	-6.9
	
	
	
	260
	-2.7
	
	
	

	265
	-8.7
	
	
	
	270
	-8.7
	
	
	

	360
	-5.2
	8.07
	0.707
	
	360
	-3.2
	8.07
	0.707
	

	365
	-7.4
	
	
	
	
	
	
	
	

	370
	-9.2
	
	
	
	370
	-9.2
	
	
	

	1040
	-8.2
	1.31
	0.976
	
	1040
	-6.2
	1.31
	0.976
	

	1045
	-10.4
	
	
	
	
	
	
	
	

	1050
	-12.2
	
	
	
	1050
	-12.2
	
	
	

	2730
	-12.1
	25.69
	0.995
	
	2730
	-10.1
	25.69
	0.995
	

	2735
	-14.3
	
	
	
	
	
	
	
	

	2740
	-16.1
	
	
	
	2740
	-16.1
	
	
	

	4600
	-15.5
	22.71
	0.997
	

	4605
	-17.7
	
	
	

	4610
	-19.5
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