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1. Introduction

RAN4 is currently analyzing the MIMO OTA harmonization across test methodologies, and has a test plan in force to conclude on the first set of bands [1]. This contribution analyses the harmonization results using the data made available by the single test lab on the approved best-effort approach and concludes on this first set of bands.

2. Proposal
Following the MIMO OTA harmonization test plan [1], the first set of bands (HS1) was selected, and later modified in [2] as:

HS1:
· TDD: 41, 38 

· FDD Low: 5, 13, 19 

· FDD High: 3, 7, 1

The single test-lab identified in [3] has provided some test results [4-5]. The performance pool did not provide the test-plan-recommended 3 extra devices per band to be brought into the harmonization pool. After RAN4#83, the selected single test lab was prioritized to be used for performance requirements.

Due to the above, some bands have less than 8 devices per band on the harmonization pool for both RTS (7 DUTs for Band xxx) and RC+CE test methods (3 DUTs for Band 38 and 5 DUTs for Band 41).

At RAN4#83, the MIMO OTA group agreed on the criteria to decide on harmonization when less than the recommended 8 devices were measured. A copy of the agreement, which is now inserted into the 3GPP TR37.977 standard can be found below.

For the harmonization analysis of device set 3, the target cost of harmonization, assuming 100% statistical significance of the sample size, is set to be 1.5 dB.  The measure of the statistical significance based on the total number of devices used in determining the residuals is provided in Table 10.3.3-1 below.

Table 10.3.3-1: Statistical significance of using m devices

	Num devices (m)
	Target pct

	30
	99.99

	8
	79.37

	7
	76.78

	6
	72.72

	5
	67.33

	4
	58.26

	3
	44.74

	2
	29.26

	1
	14.3

	0
	0


Analyses of the latest test data provided by CATR for TDD harmonization between MPAC and RC+CE test methods following the harmonization test plan guidelines [1] has been provided in [6] and [11] and it is summarized below in figure 1. The Way Forward set by operators in [7] included the need to “study the distribution of residuals when analyzing the cost”.

The different analysis are clear about the number or devices used for each band, the offset used in the calculations of the results. The  conclusion is only applicable to a RC+CE system that has 8 antennas.
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Band 7 0.87 2.61 1.19 1.19 Harmonized Not Harmonized

Band 3 0.59 2.29 1.19 1.19 Harmonized Not Harmonized

Band 13 0.40 2.17 1.19 1.09 Harmonized Not Harmonized
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Fig. 1. Samples measured at LTE TDD bands 38 (3 DUTs) and 41 (5 DUTs) by CATR.
The results clearly show that RC+CE in TDD fulfils the criteria set in the TR for concluding a successful harmonization considering the statistical significance criteria in section 10.3.3 of the TR37.977. 

In addition to the latest data sent by CATR, we have combined in a single pool the B38 and B41 devices as per [15-16], which sets the same TRMS performance requirement values for these two bands. The results illustrated below in figure 2 use a single offset for the two bands, so that they can be considered as one for the performance requirements. The analysis of figure 2 also clearly shows that RC+CE in TDD fulfils the criteria set in the TR for concluding a successful harmonization considering the statistical significance criteria in section 10.3.3 of the TR37.977.
Finally, we have also added additional TDD test results made by CATR and submitted to 3GPP MIMO OTA WI in [12][13][14]. The analysis, illustrated in figure 4, now includes 7 devices in TDD band 41 and 3 devices in band in a single pool with a single offset, again reveals that RC+CE in TDD fulfils the criteria set in the TR for concluding a successful harmonization.
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5 TDD41 CTTC_2 -98,6 -103,8 5,2 0,6

6 TDD41 BT_1 -100,5 -105,9 5,4 0,5

7 TDD41 CTTC_3 -99,4 -105,0 5,6 0,2

8 TDD41 CTTC_4 -97,6 -104,3 6,6 0,8
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Fig. 2. Samples measured at LTE TDD bands 38 (3 DUTs) and 41 (5 DUTs), considered altogether, with a single offset (which makes 8 DUTs altogether).
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Fig. 3. Samples measured at LTE TDD band 41 by CATR (7 DUTs).
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Fig. 4. Samples measured at LTE TDD bands 38 (3 DUTs) and 41 (7 DUTs), considered altogether, with a single offset (which makes 10 DUTs altogether).

3. Conclusion
Proposal: 
· For the TDD bands tested in the MPAC/RC+CE harmonization, the harmonization cost varies between 0.59 and 1.2 dB.  This harmonization cost is within the harmonization target for all bands and, therefore, harmonization between MPAC and RC+CE for TDD bands can be confirmed.
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