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1. Introduction

A testing campaign for studying the possibility of harmonization between the different MIMO OTA methodologies defined in [1] has been approved by RAN4. This testing campaign is outlined in [2]. However, the definition of an MU bound applicable for the harmonization effort is still pending. The Way Forward from RAN4#74bis [3] states that an agreement on the MU bound shall be reached by RAN4#75.
This contribution elaborates upon the harmonization bound to be applied in the harmonization testing campaign, with focus on the RC methodologies.
This contribution has been made in co-operation with EMITE, a manufacturer of MIMO OTA test equipment.
2. Uncertainty Budget for the Reverberation Chamber Methodologies
TR37.977 [1] defines the preliminary measurement uncertainty (MU) budgets for the MIMO OTA methodologies. The uncertainty budget for the reverberation chamber methodologies can be seen in Table I (copied from [1]). Also, the uncertainty budget for the reverberation chamber for SISO TRS as outlined in TS34.114 [4] is given in Table II (copied from [4]). The SISO TRS uncertainty limit is defined as +/- 2.3 dB.
Comparing Table I and Table II, it is seen that many of the uncertainty items for the TRS SISO measurement is repeated for the MIMO setup. Only one or a few items from the SISO MU are not included for the MIMO measurements. There are however additional uncertainty items added for the MIMO uncertainty budget compared to SISO TRS MU, for example item 8. This specific item is estimated to be in the order of +/- 1 dB for the major CE vendors (from data sheets). This uncertainty item should be added to the SISO uncertainty for the MIMO test cases. A similar conclusion holds for the other uncertainty items specific for MIMO measurements.
Table I   MIMO measurement uncertainty budget for the reverberation chamber methods
	Description of uncertainty contribution
	Details in

	Stage 1, DUT measurement

	1)
Mismatch of transmitter chain (i.e. between fixed measurement antenna and base station simulator) 
	TS 34.114

E.1-E.2

	2)
Insertion loss of transmitter chain
	TS 34.114

E.3-E.5

	3)
Influence of the fixed measurement antenna cable
	TS 34.114

E.6

	4)
Uncertainty of the absolute antenna gain of the fixed measurement antenna
	TS 34.114

E.7

	5)
Base station simulator: uncertainty of the absolute output level
	TS 34.114

E.17

[TS 36.521-1 F.1.3]

	6)
Throughput measurement: output level step resolution
	TS 34.114

E.18

	7)
Statistical uncertainty of throughput measurement
	TBD

	8)           Fading channel emulator output uncertainty (if used)
	TBD

	9)           Channel model implementation
	TBD

	10)         Chamber statistical ripple and repeatability
	TS 34.114

E.26.A

	11)
Additional power loss in EUT chassis
	TS 34.114

E.26.B

	12)
DUT sensitivity drift
	TS 34.114

E.21

	13)
Uncertainty related to the use of the phantoms:


a)
Uncertainty of dielectric properties and shape of the hand phantom


b)
Uncertainty related to the use of laptop ground plane phantom


	TR 25.914

A.12.3

A.12.4

	14)
Random uncertainty (repeatability)


	TS 34.114

E.14

	Stage 2 , Calibration measurement

	15)
Uncertainty of network analyzer
	TS 34.114

E.15

	16)
Mismatch of receiver chain
	TS 34.114

E.1-E.2

	17)
Insertion loss of receiver chain
	TS 34.114

E.3-E.5

	18)
Mismatch in the connection of calibration antenna
	TS 34.114

E.1

	19)
Influence of the calibration antenna feed cable
	TS 34.114

E.6

	20)
Influence of the fixed measurement antenna cable
	TS 34.114

E.6

	21)
Uncertainty of the absolute gain of the fixed measurement antenna
	TS 34.114

E.7

	22)
Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	TS 34.114

E.16

	23)
Chamber statistical ripple and repeatability
	TS 34.114

E.26.A


Table II: Uncertainty contributions in TRS measurement for reverberation chamber method

	Description of uncertainty contribution
	Details in paragraph

	Stage 1, DUT measurement

	1)
Mismatch of transmitter chain (i.e. between fixed measurement antenna and base station simulator) 
	E.1-E.2

	2)
Insertion loss of transmitter chain
	E.3-E.5

	3)
Influence of the fixed measurement antenna cable
	E.6

	4)
Uncertainty of the absolute antenna gain of the fixed measurement antenna
	E.7

	5)
Base station simulator: uncertainty of the absolute output level
	E.17

	6)
BER measurement: output level step resolution
	E.18

	7)
Statistical uncertainty of BER measurement
	E.19

	8)
BER data rate normalization
	E.20

	9)  Chamber statistical ripple and repeatability
	E.26.A

	10) Additional power loss in EUT chassis
	E.26.B

	11) DUT sensitivity drift
	E.21

	12) Uncertainty related to the use of the SAM phantom:


a)
uncertainty from using different types of SAM phantom


b)
simulated tissue liquid uncertainty


c)
effect of the DUT holder
	E.12

	13)
 Random uncertainty (repeatability)


- positioning uncertainty of the DUT against the SAM or DUT plugged into the Laptop Ground Plane phantom)
	E.14

	14) Uncertainty related to the use of the Laptop Ground Plane phantom
	E.31

	Stage 2 , Calibration measurement, network analyzer method, figure 7.5

	15)
Uncertainty of network analyzer
	E.15

	16)
 Mismatch of receiver chain
	E.1-E.2

	17)
Insertion loss of receiver chain
	E.3-E.5

	18) Mismatch in the connection of calibration antenna
	E.1

	19) Influence of the calibration antenna feed cable
	E.6

	20) Influence of the fixed measurement antenna cable
	E.6

	21)
Uncertainty of the absolute gain of the fixed measurement antenna
	E.7

	22)
Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	E.16

	23)
Chamber statistical ripple and repeatability
	E.26.A


3. Applicability to the Former MIMO OTA WI

In the former MIMO OT WI concluded in December 2013, it was agreed to use +/- 2.3 dB, or 4.6 dB, as the bound for methodology evaluation and for concluding on valid test methods. This decision was taken despite detailed knowledge of the contributions from the additional uncertainty terms added to the SISO uncertainty for the MIMO test cases. Thus, the MIMO OTA methodologies approved in the former WI cannot be assumed to have a better inter-lab alignment than 4.6 dB. Graphically, this can be illustrated as in Figure 1. This figure shows the extreme condition of the allowed spread in results from an inter-lab, intra-method, comparison of results for the same device for two different labs implementing the same Method A.
The 4.6 dB of intra-method alignment should be seen as the minimum expected MU bound for the MIMO OTA methodologies. Expecting a higher final MU bound for the MIMO test cases is however highly plausible, given the added uncertainty items for the MIMO MU compared to the SISO MU. On the other hand, a smaller MU bound for the MIMO test cases is not at all realistic. Thus, adopting an uncertainty bound for the harmonization testing campaign lower than the final expected MU is not appropriate, since the conditions for harmonization then would be harsher than the conditions for inter-lab alignment for final performance assessment.
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Figure 1   Illustration of the extreme condition of the spread in results from two labs implementing the same Method A that is allowed for the methods in TR37.977.
4. Applicability to the Harmonization Testing Campaign

The uncertainty budget in Table I provides the full uncertainty budget for inter-lab comparison. Thus, this allows for all equipment, test chamber etc. to be different. In the harmonization testing campaign one lab will be used for the comparison testing. It has thus been proposed that many of the uncertainty items would cancel, resulting in a significantly lower expected MU bound. Generally, this would hold true if the testing was to be performed by one lab utilizing the same equipment and test chambers etc., since the expected uncertainty in that case would fall within the intra-lab uncertainty. However, based on [5] it cannot be assumed that the same equipment will be used for the different methodologies. In fact, it is more likely that the testing will be performed with different equipment, given that parallel testing will be performed [5]. Thus it is more appropriate to consider this testing as an inter-lab testing activity and thus apply the corresponding MU bounds.
Given the above, it can be argued that the same uncertainty as used in the former WI to validate the methodologies must be used in this testing campaign as well. If this is not the case, the conclusions for harmonization will be dependent on which lab that is chosen for the measurements. In order to illustrate this, a couple of examples are provided below.

With reference to Figure 1, assume that an additional Method B has provided results for the same device as Lab 1 and Lab 2 for Method A. Figure 2 shows one possible outcome of the alignment of the results from these measurements. Let us further assume that we set an MU bound lower than the intra-method MU bound of 4.6 dB, for example 2 dB. For the case in Figure 2 where Lab 1 is the reference lab for Method A, it can be seen that the two methods harmonize. If on the other hand Lab 2 is chosen as the participating lab for Method A, it is clear from Figure 3 that the conclusion would be the opposite, that is, that Method A and Method B do not harmonize.

For the harmonization testing campaign the lab selection can be seen as randomly choosing one of the labs, Lab 1 or Lab 2, for Method A. Thus, the only way to exclude that this random selection of a lab impacts the decision on harmonization in line with the examples above, is to define an uncertainty bound higher or equal to the currently valid intra-method uncertainty, that is, at least 4.6 dB.
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Figure 2   Illustration of one possible outcome of the spread in results between Method A and Method B and the uncertainty bound set lower than the intra-method uncertainty bound. In this case, Lab 1 has been randomly selected as the testing lab and the two methods harmonize.
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Figure 3   Illustration of one possible outcome of the spread in results between Method A and Method B and the uncertainty bound set lower than the intra-method uncertainty bound. In this case, Lab 2 has been randomly selected as the testing lab and the two methods do not harmonize.

5. Conclusion and Proposal
This contribution provides a discussion about the applicable MU bound for the MIMO OTA harmonization testing campaign. Based on an analysis of the uncertainty budget for the reverberation chamber methodologies, the authors seek agreement for the following proposal.
Proposal: The uncertainty bound for the MIMO OTA harmonization testing shall match the intra-method uncertainty bound used in the former MIMO OTA WI, that is, 4.6 dB.
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