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1 Abstract
This TP proposes the text to be included in section 12 of TR 37.977, describing the candidate solution 4 of methodologies based on anechoic chambers (decomposition method).
2 Introduction

This contribution is revised from R4-133290 in order to remove the channel model description which is moved to Annex C. 
The description of the decomposition method is detailed for section 12 of TR 37.977. 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 ---

12
Agreed Test Methodologies
12.x
Decomposition Method

12.x.1
Introduction

An overview of the decomposition method has been presented in section 6.3.1.4: This section 12.x will give the required details on how tests are performed.

Reference to other sections is required throughout the tests. See the following:

-
Section 5 on the performance metrics

-
Section 7.1 on the eNB emulator settings

-
Section C.4 on the channel models

-
Section 9.3.1 on the Absolute Data Throughout Comparison Framework

12.x.2
System Calibration
In order to calibrate the system, two main calibration steps have to be performed:

-
perform the ripple test

-
measure all path loss data for conducted and radiated tests

Both calibration measurements are similar to the calibration for SISO testing. The ripple test result is required for the measurement uncertainty calculation. The path loss for the radiated test includes cables, measurement antenna gain, possibly the gain of amplifiers, and free space attenuation. The generated correction tables are going to be included by the application software during the tests.

12.x.3
Conducted Tests
12.x.3.1
Configuration for Conducted Tests
In the conducted test, the conducted ports of the UE are connected with two RF cables to the ports of an eNB emulator. The port connected to the primary antenna port of the UE is carrying UL and DL, and therefore has to be a bidirectional port at the eNB emulator. Alternatively a circulator can be used for splitting UL and DL signals.

It is recommended to use a baseband fader for generating the channel models connected to the eNB emulator via an I/Q interface.

Figure 12.x.3.1-1 shows the most suitable setup of the conducted tests.
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Figure 12.x.3.1-1: Setup for the conducted tests

12.x.3.2
Baseline Test Using Identity Matrix
The most basic channel model (CM) is the identity static channel matrix without fading.
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The identity 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.

For recording the baseline it is sufficient to average over 400 subframes.

12.x.3.3
Conducted Test Using Channel Models
Arbitrary channel models can be applied to the conducted test using baseband fading. It is however recommended to use the tSCME UMi and UMa channel models given in Annex C.4.
12.x.4
Radiated Tests
The radiated tests for the decomposition method are performed without applying channel models inside the chamber. The MIMO signals are routed from the eNB emulator directly to any polarization port (phi, theta) for each antenna with the help of a switching matrix. It may be required to use external amplifiers in order to optimize the dynamic range of the system.

The radiated test category typically uses an anechoic chamber with a distributed-axis positioning system. The UE is placed on an azimuth positioner rotating the UE around the vertical axis. During the radiated test, the UE is exposed to LTE MIMO signals. These signals are originating from a set of two dual-polarized measurement antennas mounted on elevation positioners moving independently and arbitrarily in the same elevation plane around the UE and the azimuth positioner. The position of each antenna is described by its respective azimuth and elevation angles (with respect to UE). If both measurement antennas are in the same hemisphere, the azimuth angle for both of them is identical. If they are placed in different hemispheres, there will be an offset in azimuth of 180 degrees between the AoA of each antenna. 

The UE shall be tested for a set of antenna constellations uniformly covering the sphere and generating a wide variety of AoAs. In the radiated test the constellations are categorized as spatial constellations, i.e, the azimuth and the elevation positions of the two DL antennas and as polarization constellations, i.e., the set of polarizations of the DL antennas used to transmit the LTE MIMO signals.

Table 12.x.5-1 shows the details for the proposed set of 128 constellations. Tests have shown that the choice of 128 different constellations is a good balance between test time and convergence of results with respect to UE orientation.

Since no fading is applied during the radiated tests, it is sufficient to average over just 400 subframes per test point compared to the 20 000 subframes per test point in the conducted test with channel models.


Table 12.x.5-1 Set of 128 constellations
	Constellation set

	
	AOA [deg]
	Polarization
	
	AOA [deg]
	Polarization

	Index
	phi1
	phi2
	theta1
	theta2
	TA1
	TA2
	Index
	phi1
	phi2
	theta1
	theta2
	TA1
	TA2

	1
	105.0
	285.0
	74.9
	108.2
	phi
	phi
	65
	52.5
	52.5
	119.4
	109.4
	theta
	theta

	2
	157.6
	337.6
	96.3
	56.5
	phi
	phi
	66
	327.5
	147.5
	103.5
	138.9
	theta
	theta

	3
	262.6
	262.6
	148.2
	72.9
	phi
	phi
	67
	295.1
	115.1
	67.5
	88.8
	theta
	theta

	4
	40.1
	40.1
	47.7
	20.2
	phi
	phi
	68
	210.1
	210.1
	53.1
	43.1
	theta
	theta

	5
	145.2
	325.2
	78.6
	87.0
	phi
	phi
	69
	92.7
	92.7
	122.8
	74.8
	theta
	theta

	6
	197.7
	17.7
	99.9
	141.6
	phi
	phi
	70
	7.7
	187.7
	107.2
	54.3
	theta
	theta

	7
	302.7
	302.7
	155.8
	108.3
	phi
	phi
	71
	335.2
	155.2
	71.2
	110.1
	theta
	theta

	8
	132.8
	132.8
	130.6
	120.6
	phi
	phi
	72
	250.2
	250.2
	151.2
	55.4
	theta
	theta

	9
	47.8
	227.8
	105.3
	94.9
	phi
	phi
	73
	80.3
	80.3
	96.7
	14.3
	theta
	theta

	10
	15.3
	195.3
	69.4
	35.8
	phi
	phi
	74
	185.3
	5.3
	76.8
	119.7
	theta
	theta

	11
	290.4
	290.4
	60.9
	50.9
	phi
	phi
	75
	237.8
	57.8
	98.1
	75.6
	theta
	theta

	12
	172.9
	172.9
	124.9
	21.4
	phi
	phi
	76
	342.9
	342.9
	151.8
	16.0
	theta
	theta

	13
	87.9
	267.9
	109.0
	73.8
	phi
	phi
	77
	120.4
	120.4
	60.6
	24.8
	theta
	theta

	14
	55.5
	235.5
	73.1
	121.7
	phi
	phi
	78
	225.4
	45.4
	80.4
	32.7
	theta
	theta

	15
	298.0
	118.0
	90.1
	115.7
	phi
	phi
	79
	278.0
	98.0
	101.7
	96.6
	theta
	theta

	16
	330.5
	330.5
	95.0
	57.5
	phi
	phi
	80
	75.5
	255.5
	60.6
	151.0
	theta
	theta

	17
	43.1
	43.1
	144.8
	134.8
	phi
	phi
	81
	23.0
	23.0
	160.5
	128.2
	theta
	theta

	18
	180.6
	180.6
	80.1
	30.5
	phi
	phi
	82
	233.1
	233.1
	128.2
	54.4
	theta
	theta

	19
	285.6
	105.6
	83.0
	47.6
	phi
	phi
	83
	350.5
	350.5
	102.9
	42.4
	theta
	theta

	20
	338.1
	158.1
	93.7
	80.0
	phi
	phi
	84
	148.1
	328.1
	111.9
	81.8
	theta
	theta

	21
	83.2
	83.2
	143.5
	56.5
	phi
	phi
	85
	115.7
	295.7
	64.6
	45.2
	theta
	theta

	22
	220.7
	220.7
	101.1
	36.9
	phi
	phi
	86
	30.7
	30.7
	81.9
	47.5
	theta
	theta

	23
	325.8
	145.8
	86.6
	154.8
	phi
	phi
	87
	273.2
	273.2
	140.9
	130.9
	theta
	theta

	24
	155.8
	335.8
	62.6
	101.9
	phi
	phi
	88
	188.2
	8.2
	115.7
	117.7
	theta
	theta

	25
	70.8
	70.8
	121.8
	45.0
	phi
	phi
	89
	18.3
	198.3
	91.9
	128.1
	theta
	theta

	26
	313.4
	313.4
	130.5
	66.4
	phi
	phi
	90
	123.3
	123.3
	140.6
	89.7
	theta
	theta

	27
	228.4
	48.4
	113.8
	21.2
	phi
	phi
	91
	260.8
	260.8
	38.4
	28.4
	theta
	theta

	28
	195.9
	15.9
	66.5
	66.4
	phi
	phi
	92
	5.9
	185.9
	84.8
	68.3
	theta
	theta

	29
	110.9
	110.9
	49.8
	35.9
	phi
	phi
	93
	58.4
	238.4
	95.4
	15.7
	theta
	theta

	30
	353.5
	353.5
	135.4
	88.0
	phi
	phi
	94
	163.5
	163.5
	146.6
	68.3
	theta
	theta

	31
	268.5
	88.5
	117.7
	130.3
	phi
	phi
	95
	301.0
	301.0
	119.8
	39.8
	theta
	theta

	32
	275.0
	95.0
	59.6
	122.7
	phi
	theta
	96
	46.0
	226.0
	88.4
	103.7
	theta
	theta

	33
	20.1
	20.1
	59.6
	28.8
	phi
	theta
	97
	137.5
	317.5
	89.2
	95.8
	theta
	phi

	34
	72.6
	72.6
	127.1
	23.7
	phi
	theta
	98
	190.0
	190.0
	94.1
	41.1
	theta
	phi

	35
	347.6
	167.6
	110.9
	72.9
	phi
	theta
	99
	242.6
	242.6
	137.9
	127.9
	theta
	phi

	36
	315.1
	135.1
	63.6
	37.3
	phi
	theta
	100
	177.6
	357.6
	92.8
	74.7
	theta
	phi

	37
	112.7
	112.7
	136.6
	126.6
	phi
	theta
	101
	125.1
	305.1
	82.2
	34.3
	theta
	phi

	38
	60.2
	60.2
	95.8
	35.4
	phi
	theta
	102
	230.2
	230.2
	57.6
	46.2
	theta
	phi

	39
	27.7
	207.7
	114.7
	94.0
	phi
	theta
	103
	282.7
	282.7
	142.1
	18.9
	theta
	phi

	40
	217.8
	37.8
	91.0
	140.2
	phi
	theta
	104
	355.3
	175.3
	61.6
	111.0
	theta
	phi

	41
	257.9
	77.9
	94.6
	55.4
	phi
	theta
	105
	165.2
	345.2
	85.7
	120.7
	theta
	phi

	42
	270.3
	270.3
	149.4
	43.7
	phi
	theta
	106
	152.8
	152.8
	129.4
	75.7
	theta
	phi

	43
	322.8
	322.8
	139.3
	109.2
	phi
	theta
	107
	100.3
	100.3
	46.5
	32.2
	theta
	phi

	44
	2.9
	2.9
	145.0
	73.9
	phi
	theta
	108
	35.4
	215.4
	65.5
	89.7
	theta
	phi


	
	AOA [deg]
	Polarization
	
	AOA [deg]
	Polarization

	Index
	phi1
	phi2
	theta1
	theta2
	TA1
	TA2
	Index
	phi1
	phi2
	theta1
	theta2
	TA1
	TA2

	45
	205.4
	25.4
	83.9
	87.9
	phi
	theta
	109
	67.9
	247.9
	112.8
	53.3
	theta
	phi

	46
	245.5
	65.5
	87.5
	109.2
	phi
	theta
	110
	140.4
	140.4
	153.0
	38.4
	theta
	phi

	47
	213.0
	213.0
	119.7
	87.1
	phi
	theta
	111
	193.0
	193.0
	134.1
	111.1
	theta
	phi

	48
	160.5
	160.5
	120.8
	10.1
	phi
	theta
	112
	310.4
	310.4
	51.4
	41.4
	theta
	phi

	49
	128.1
	308.1
	104.4
	131.5
	phi
	theta
	113
	318.1
	138.1
	97.2
	18.7
	theta
	phi

	50
	95.6
	275.6
	68.4
	65.4
	phi
	theta
	114
	265.6
	85.6
	75.8
	102.8
	theta
	phi

	51
	10.6
	10.6
	52.1
	37.4
	phi
	theta
	115
	63.1
	63.1
	150.0
	67.4
	theta
	phi

	52
	200.6
	200.6
	34.4
	22.6
	phi
	theta
	116
	108.0
	288.0
	116.7
	137.6
	theta
	phi

	53
	168.2
	348.2
	108.1
	23.5
	phi
	theta
	117
	358.2
	178.2
	100.8
	129.2
	theta
	phi

	54
	253.2
	253.2
	123.9
	65.5
	phi
	theta
	118
	305.7
	125.7
	79.5
	67.3
	theta
	phi

	55
	345.8
	165.8
	77.7
	152.9
	phi
	theta
	119
	50.7
	50.7
	122.8
	56.4
	theta
	phi

	56
	135.7
	315.7
	72.2
	101.0
	phi
	theta
	120
	103.3
	103.3
	158.0
	88.9
	theta
	phi

	57
	38.3
	218.3
	99.0
	80.9
	phi
	theta
	121
	240.8
	240.8
	102.0
	17.5
	theta
	phi

	58
	293.3
	293.3
	137.7
	121.8
	phi
	theta
	122
	208.3
	28.3
	106.2
	118.7
	theta
	phi

	59
	143.4
	143.4
	153.7
	55.5
	phi
	theta
	123
	175.8
	355.8
	70.3
	44.0
	theta
	phi

	60
	90.9
	90.9
	82.7
	54.3
	phi
	theta
	124
	280.9
	280.9
	81.0
	26.9
	theta
	phi

	61
	25.9
	205.9
	81.3
	46.4
	phi
	theta
	125
	333.4
	333.4
	126.0
	53.3
	theta
	phi

	62
	78.5
	258.5
	102.6
	116.7
	phi
	theta
	126
	248.4
	68.4
	110.0
	82.7
	theta
	phi

	63
	131.0
	131.0
	103.8
	58.5
	phi
	theta
	127
	216.0
	36.0
	74.0
	149.3
	theta
	phi

	64
	183.5
	183.5
	163.4
	140.3
	phi
	theta
	128
	321.0
	141.0
	7.1
	40.1
	theta
	phi


For each constellation, the downlink power is decreased until throughput changes. The step size in power in vicinity of TP = 70 % must not exceed 0.5 dB. Throughput is recorded as function of downlink power at least down to TP = 70 %. 

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. Since the curves were recorded by measuring TP as function of power, this step requires interpolation of measurements. 
12.x.6
Decomposition Results

From the measurements described so far, the decomposition result is obtained by applying the following approach:

From the three characteristic TP curves

· conducted baseline (section 12.x.4.2)

· conducted with specific channel model (section 12.x.4.3)

· average radiated curve (section 12.x.5)

as a function of DL power level, the receiver MIMO efficiency and the MIMO antenna efficiencies are calculated, as outlined in Figure 12.x.6-1. Note that “TP curve” always refers to a curve showing TP as a function of DL power. For the averaging of curves, see section 12.x.5.
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Figure 12.x.6-1 Three characteristic throughput curves for decomposition method
Each efficiency is calculated for the recorded TP range as a function of DL power as follows

-
The MIMO Receiver efficiency is defined as the difference in DL power between the baseline conducted and the conducted with fading TP curves 

-
The MIMO Antenna efficiency is defined as the difference in DL power between the baseline conducted and the average radiated TP curves

Generally, this calculation requires the TP curves to be interpolated in a reverse fashion, i.e., DL power as a function of TP. 

The sum of the two efficiencies is defined as the MIMO UE efficiency. Once this efficiency is applied to the baseline TP curve, the resulting decomposition curve of TP vs. DL power is obtained as shown in Figure 12.x.6-2. 

It should be noted that for a full MIMO investigation of a UE with a several different channel models, the radiated test and the conducted baseline test need to be performed just once; the single radiated TP curve just needs to be combined with the baseline and the conducted test with the respective channel model to obtain the decomposed curves of TP as a function of DL power.
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Figure 12.x.6-2 Decomposition TP curve calculation
--- Text Proposal ends ---
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