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1. Introduction

At the RAN4#78bis meeting the project plan for finalizing the RC+CE validation procedures was approved [1]. The pending item to finalize in this project plan is the Rayleigh validation. [2] provides the updates to the Rayleigh validation procedure, as well as the test tolerances. This document provides measurement data to support the defined test tolerances.
2. Measurement Setup and Procedure
As shown in [3] there is an impact on the distribution of the received field in the reverberation chamber test volume due to the number of connections between the CE and the RC. Using multiple connections will mitigate the double Rayleigh effect due to the cascading of two Rayleigh faded environments (RC and CE). In order to verify the test tolerances defined in [2], the received field was measured and the chi-squared value calculated in line with [2] for different number of connections (or “port counts”) between the CE and the RC. In addition to this, throughput was measured for multiple devices for different number of port counts, in order to link the theoretical chi-squared test tolerances to the figure-of-merit. The measurements were performed in a Bluetest RTS60 using a stepped stirring sequence, including antenna switching. The RS-EPRE levels for achieving the 70% and 95% throughput threshold levels were reported. The validation measurements were performed for one low band (band 13) and one high band (band 7). The throughput measurements were performed for various devices operating on band 7, band 5 and band 13.
Figure 1 shows the test setup utilizing 8 connections between the CE and the RC. Other port counts are achieved by reducing the number of connections.

[image: image1.emf]
Figure 1   RC+CE measurement setup for the 8-port configuration.

3. Results
Table 1 and Table 2 show the chi-squared value for each of the measured frequency points for different number of port counts for the short delay spread low correlation and the long delay spread high correlation channel models, respectively. The following observations are made:

· The chi-squared value significantly improves when increasing the number of port counts. The major improvement is seen at the low port counts.

· There are significant variations over frequency due to the statistical nature of the chi-squared value. Averaging the chi-squared over the signal bandwidth provides a much more stable result and a clear reduction in the chi-squared value with increasing port count can then be observed.
· Similar results are obtained for both channel models.
Figure 2 and Figure 3 show the average chi-squared as a function of the port count for the SDLC and LDHC channel models, respectively. They also show the ideal value of 27,69 [2]. From these figures it can be observed that the 4-port setup is very close to the ideal value and that the 8-port setup always is below the ideal value.

Table 1   Chi-squared values for the SDLC channel model.

	Frequency
	Chi-squared
	
	
	
	
	
	

	
	1 Port
	2 Ports
	3 Ports
	4 Ports
	5 Ports
	6 Ports
	7 Ports
	8 Ports

	
	
	
	
	
	
	
	
	

	746
	296,26
	83,04
	47,71
	60,54
	23,13
	34,47
	14,53
	16,4

	747
	285,87
	86,61
	73,49
	38,67
	33,76
	21,82
	27,95
	22,27

	748
	283,64
	68,93
	43,4
	19,74
	35,57
	31,08
	25,45
	25,93

	749
	357,98
	86,46
	50,15
	29,05
	22,54
	24,8
	32,62
	13,85

	750
	326,32
	99,74
	60,93
	35,78
	15,69
	32,8
	17,09
	34,41

	751
	315,51
	95,1
	56,02
	22,3
	41,14
	25,78
	30,75
	15,81

	752
	431,82
	126,73
	53,16
	32,15
	34,17
	48,99
	34,86
	19,98

	753
	340,3
	100,07
	53,43
	16,2
	36,05
	31,38
	21,76
	16,17

	754
	322,33
	64,71
	33,82
	22,51
	29,68
	11,11
	20,9
	27,74

	755
	375,27
	71,55
	57,39
	26,7
	16,67
	10,66
	27,77
	19,26

	756
	307,18
	78,7
	52,71
	41,43
	27,92
	23,67
	33,9
	17,06

	Mean
	331,135
	87,4218
	52,9282
	31,37
	28,7564
	26,96
	26,1436
	20,8073

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2650
	238,64
	80,99
	27,95
	27,62
	28,34
	31,05
	18,93
	18,82

	2651
	126,58
	52,92
	39,71
	21,02
	20,27
	14,29
	6,17
	19,26

	2652
	173,58
	72,3
	35,87
	51,67
	31,35
	12,3
	16,76
	9,86

	2653
	147,65
	70,01
	26,79
	40,93
	31,55
	23,82
	21,85
	13,37

	2654
	210,24
	65,39
	43,87
	45,39
	23,4
	12,74
	24,62
	18,01

	2655
	208,67
	77,86
	40,01
	29,53
	34,77
	28,28
	22,36
	25,39

	2656
	170,24
	64,71
	33,22
	56,7
	33,43
	28,01
	22,18
	15,54

	2657
	149,02
	65,72
	37,24
	28,19
	14,08
	23,73
	21,52
	23,52

	2658
	139,23
	80,78
	42,92
	26,49
	16,4
	36,52
	28,76
	11,85

	2659
	194,26
	75,3
	34,2
	20,07
	27,95
	14,71
	14,8
	18,31

	2660
	165,72
	123,01
	47,09
	30,84
	29,32
	24,86
	12,86
	19,59

	Mean
	174,894
	75,3627
	37,17
	34,4045
	26,4418
	22,7555
	19,1645
	17,5927
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Figure 2   Average chi-squared value for different port counts for the SDLC channel model.

Table 2   Chi-squared values for the LDHC channel model.

	Frequency
	Chi-squared
	
	
	
	
	
	

	
	1 Port
	2 Ports
	3 Ports
	4 Ports
	5 Ports
	6 Ports
	7 Ports
	8 Ports

	
	
	
	
	
	
	
	
	

	746
	317,92
	84,38
	59,17
	26,4
	52,12
	25,36
	13,4
	18,04

	747
	313,16
	90,81
	54,11
	57,06
	24,02
	34,29
	12,62
	20,36

	748
	298,4
	93,34
	35,63
	16,35
	49,38
	23,85
	35,84
	11,08

	749
	318,7
	96,38
	43,49
	42,27
	28,79
	53,25
	16,2
	28,28

	750
	356,82
	105,51
	75,96
	25,69
	28,34
	23,93
	38,34
	28,99

	751
	291,76
	109,05
	56,91
	35,84
	42,74
	41,52
	15,1
	13,49

	752
	322,83
	52,09
	72,57
	37,65
	25,24
	27,24
	21,73
	38,19

	753
	329,98
	98,73
	50,6
	18,61
	37,12
	18,76
	17,86
	9,98

	754
	311,46
	100,72
	56,76
	48,25
	36,05
	27,18
	16,76
	24,2

	755
	375,93
	99,68
	39,5
	40,75
	24,59
	23,49
	9,23
	13,52

	756
	237,27
	93,4
	40,66
	25,66
	22,15
	30,04
	32,83
	10,87

	Mean
	315,839
	93,0991
	53,2145
	34,0482
	33,6855
	29,9009
	20,9009
	19,7273

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2650
	164,32
	44,86
	30,07
	25,93
	28,43
	20,87
	27,3
	11,08

	2651
	110,42
	65,42
	22,24
	36,14
	32,06
	26,58
	13,64
	24,74

	2652
	171,85
	80,01
	37,21
	42,51
	26,14
	26,26
	11,43
	10,57

	2653
	146,7
	85,75
	40,75
	31,11
	34,29
	12,54
	26,2
	8,01

	2654
	155,01
	106,43
	34,23
	50,6
	27,33
	21,58
	25,78
	19,2

	2655
	182,54
	74,26
	38,1
	32,12
	23,79
	31,58
	9,71
	16,97

	2656
	161,76
	76,14
	64,8
	17,39
	21,35
	21,55
	11,94
	17,27

	2657
	119,05
	85,6
	56,4
	36,46
	17,36
	33,52
	25,18
	12,09

	2658
	145,75
	57,65
	32,65
	40,12
	27,8
	19,38
	9,41
	11,43

	2659
	182,95
	95,01
	52,15
	22,92
	21,14
	23,07
	15,63
	14,08

	2660
	182,65
	70,93
	46,61
	45,51
	28,52
	33,64
	15,01
	15,66

	Mean
	156,636
	76,5509
	41,3827
	34,6191
	26,2009
	24,5973
	17,3845
	14,6455
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Figure 3   Average chi-squared value for different port counts for the LDHC channel model.
In order to link these results to the figure-of-merit, the RS-EPRE at the 70% and 95% throughput threshold levels as a function of the port count are provided in Figure 4 to Figure 9 for multiple devices and bands. The devices represent a wide spread of commercial available LTE devices, but are marked as DUT 1, DUT2 etc. in the figures below in order not to disclose the performance for a specific device. The SDLC channel model was used for these measurements.
From these figures it can be observed that there is a significant impact on the throughput performance when going from 2 to 4 ports, approximately 3 – 4 dB. When going from 4 to 8 ports, a significantly smaller impact is seen, approximately 0.5 – 1.5 dB. This aligns with the chi-squared results above, where there is a big impact when going from 2 to 4 ports, but a smaller impact when changing from 4 to 8 ports. Going from 6 to 8 ports shows an even smaller improvement, <0.5 dB, which is more or less within the measurement uncertainty. This also aligns with the chi-squared results, where the 6-port setup showed a chi-squared value within the limit. It is also interesting to note that the same trend holds for both threshold levels.
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Figure 4   RS-EPRE for the 70% and 95% throughput threshold levels for DUT 1 operating on band 7.
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Figure 5   RS-EPRE for the 70% and 95% throughput threshold levels for DUT 2 operating on band 13.
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Figure 6   RS-EPRE for the 70% and 95% throughput threshold levels for DUT 3 operating on band 7.
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Figure 7   RS-EPRE for the 70% and 95% throughput threshold levels for DUT 3 operating on band 5.
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Figure 8   RS-EPRE for the 70% and 95% throughput threshold levels for DUT 4 operating on band 13.
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Figure 9   RS-EPRE for the 70% and 95% throughput threshold levels for DUT 5 operating on band 7.
Finally, the K-factor was also calculated for each channel model, port count and frequency point. These results can be studied in Table 3 and Table 4 for the SDLC and LDHC channel models, respectively. The K-factor is observed to be very low for all cases, with a maximum value of -22,9 dB for the SDLC channel model and -22 dB for the LDHC channel model. This is well below the test tolerance of -10 dB defined in [2]. It can also be observed that the K-factor is independent of the channel model and the port count.

Table 3   K-factor for the SDLC channel model.

	Frequency
	K-factor
	
	
	
	
	
	
	

	
	1 Port
	2 Ports
	3 Ports
	4 Ports
	5 Ports
	6 Ports
	7 Ports
	8 Ports

	
	
	
	
	
	
	
	
	

	746
	-32,75
	-25,87
	-26,81
	-30,27
	-31,85
	-33,35
	-36,25
	-26,95

	747
	-48,57
	-31,12
	-27,98
	-27,49
	-31,46
	-30,09
	-33,64
	-33,44

	748
	-31,04
	-37,72
	-27,81
	-39,14
	-43,07
	-36,54
	-43,1
	-34,65

	749
	-27,95
	-25,61
	-31,52
	-28,3
	-34,92
	-34,94
	-26,49
	-31,75

	750
	-23,61
	-38,14
	-30,45
	-33,21
	-26,12
	-36,25
	-23,79
	-38,73

	751
	-35,71
	-28,06
	-26,43
	-36,62
	-47,21
	-35,35
	-32,64
	-38,35

	752
	-31,12
	-24,88
	-45,57
	-43,07
	-26,91
	-39,61
	-29,63
	-47,6

	753
	-30,42
	-26,56
	-35,67
	-32,79
	-29,64
	-30,07
	-28,7
	-34,32

	754
	-30,68
	-30,15
	-34,09
	-29,47
	-32,27
	-26,78
	-29,06
	-29,79

	755
	-31,08
	-25,17
	-28,37
	-34,47
	-29,27
	-53,21
	-36,56
	-38,96

	756
	-33,3
	-31,16
	-29,44
	-57,44
	-31,98
	-27,34
	-35,69
	-39,52

	
	
	
	
	
	
	
	
	

	2650
	-26,81
	-32,07
	-27,96
	-26,16
	-28,52
	-41,08
	-39,92
	-35,24

	2651
	-29,57
	-27,69
	-34,7
	-24,59
	-33,55
	-28,55
	-28,74
	-38,05

	2652
	-36,11
	-25,07
	-40,02
	-35,32
	-39,45
	-27,49
	-32,09
	-30,5

	2653
	-30,67
	-31,1
	-26,24
	-27,67
	-36,42
	-28,69
	-38,21
	-42,89

	2654
	-33,35
	-38,59
	-36,55
	-28,69
	-29,1
	-36,6
	-25,8
	-30,19

	2655
	-40,28
	-29,38
	-29,44
	-32,1
	-38,63
	-22,91
	-34,87
	-24,65

	2656
	-34,32
	-27,72
	-29,79
	-26,24
	-30,61
	-32,21
	-40,14
	-32,74

	2657
	-31,42
	-44,41
	-34,79
	-25,4
	-24,11
	-36,19
	-34,18
	-35,27

	2658
	-29,24
	-26,85
	-40,04
	-33,04
	-26,38
	-27,81
	-35,6
	-30,87

	2659
	-28,78
	-24,82
	-29,93
	-27,53
	-33,7
	-27,46
	-48,57
	-44,25

	2660
	-51,26
	-25,38
	-27,99
	-24,68
	-27,72
	-24,6
	-37,21
	-31,09


Table 4   K-factor for the LDHC channel model.

	Frequency
	K-factor
	
	
	
	
	
	
	

	
	1 Port
	2 Ports
	3 Ports
	4 Ports
	5 Ports
	6 Ports
	7 Ports
	8 Ports

	
	
	
	
	
	
	
	
	

	746
	-34,59
	-40,19
	-25,7
	-27,42
	-31,25
	-29,91
	-33,67
	-33,19

	747
	-33,01
	-23,72
	-39,55
	-36,98
	-26,92
	-34,09
	-27,97
	-28,29

	748
	-27,75
	-22
	-27,78
	-31,88
	-32,17
	-28,42
	-27,11
	-30,16

	749
	-23,46
	-25
	-27,71
	-36,34
	-38,97
	-23,07
	-26,81
	-30,03

	750
	-31,44
	-32,79
	-38,41
	-29,37
	-33,48
	-27,07
	-30,72
	-38,31

	751
	-28,63
	-29,83
	-29,32
	-25
	-40,17
	-35,52
	-31,37
	-38,6

	752
	-22,42
	-29,47
	-31,38
	-28,4
	-28,67
	-24,22
	-34,82
	-36,12

	753
	-28,87
	-41,58
	-34,91
	-35,26
	-28,99
	-25,44
	-35,96
	-34,71

	754
	-30,79
	-32,07
	-29,81
	-28,76
	-27,08
	-29,51
	-31,79
	-41,32

	755
	-27,71
	-22,2
	-25,41
	-29,53
	-24,28
	-28,18
	-36,98
	-34,11

	756
	-35,49
	-28,32
	-25,48
	-35,03
	-26,64
	-36,67
	-37,78
	-31,36

	
	
	
	
	
	
	
	
	

	2650
	-34,13
	-22,6
	-29,98
	-29,2
	-40,19
	-37,05
	-43,73
	-41,27

	2651
	-39,3
	-30,16
	-36,54
	-35,6
	-35,21
	-25,08
	-27,16
	-34,34

	2652
	-32,11
	-29,17
	-31,12
	-39,64
	-40,16
	-38,13
	-30,95
	-30,72

	2653
	-40,03
	-25,31
	-31,9
	-35,8
	-38,5
	-34,65
	-30,64
	-39,39

	2654
	-30,9
	-29,95
	-37,32
	-31,28
	-35,68
	-27,6
	-33,13
	-33,87

	2655
	-27,15
	-23,62
	-30,41
	-31,45
	-31,88
	-24,25
	-37,55
	-33,16

	2656
	-27,83
	-30,63
	-31,34
	-28,85
	-29,11
	-31,45
	-37,01
	-34,47

	2657
	-41,17
	-32
	-29,13
	-33,94
	-25,67
	-44,84
	-44,85
	-37,25

	2658
	-29,42
	-29,71
	-25,33
	-39,1
	-24,18
	-27,01
	-31,21
	-35,84

	2659
	-34,36
	-39,77
	-35,76
	-39,77
	-24,43
	-28,59
	-47,82
	-28,54

	2660
	-28,68
	-27,61
	-28,7
	-35,92
	-27,15
	-26,69
	-33,75
	-34,12


4. Conclusions
This contribution provides measurement data to support the test tolerances provided in [2]. Chi-squared values from Rayleigh validation measurements using different number of port counts are provided, as well as throughput data for different number of port counts. It is seen that the chi-squared values and the throughput values have a close correlation, where setups with chi-squared values within the limit provides accurate results, whereas setups with chi-squared values not fulfilling the limit show an impact on the throughput performance.
For the 4-port setup, the chi-squared value is very close to the theoretical limit. This results in a small impact on throughput performance, in line with what has been shown earlier [3]. At the same time, the 4-port setup is very beneficial from a complexity point-of-view, thus it would be beneficial to allow also this setup to be used. One way to do so would be to allow for a simplified setup using 4 ports, however, reflect this in the uncertainty budget. This is the same approach as taken for e.g. the subframe count, where a lower subframe number is accepted if an additional uncertainty value is included (see Note 3 in Annex B of TR37.977).
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