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	Abstract:
	With the adoption of the absolute throughput metric, the figure of merit for the evaluation of downlink MIMO OTA performance is no longer only influenced by the raw power. Various temporal and spatial properties of the channel model will influence the receiver and therefore the end metric. Ideally the uncertainty calculation would be done for the end metric, but since throughput is a multidimensional parameter that changes depending on various channel and device properties it is here proposed that the community specifies well defined test conditions with their associated uncertainties. This assumes and implies that given some specific test conditions with certain reasonable uncertainties, unavoidable in the verification process of said conditions, the end metric of absolute throughput would not change significantly for the same device. The document proposes the definition of uncertainty component for each of the channel verification measurements.


1. Introduction

At the 2013 R4-66b meeting document [1] was approved. The current document further explores the topic of measurement uncertainty for downlink MIMO OTA throughput measurements having [1] as a starting point.
In the case of MIMO OTA there is a transition from a simple power based measurement in isotropic environment such as TRP and TRS, to the use of a full scale channem model including spatial, temporal and polarization information. Therefore it is necessary to include various channel model based verification procedures, each with its inherent uncertainty. This contribution attempts to unify work done so far and proposes a common path forward.
2. Basic Assumption and Propositions
With the adoption of the absolute throughput, the figure of merit for the evaluation of downlink MIMO OTA performance is no longer only influenced by the raw power. Temporal and spatial properties of the channel model will influence the receiver and therefore the end metric. Ideally the uncertainty calculation would be done for the end metric, but since throughput is a multidimensional parameter that changes depending on various channel and device properties it is here proposed that the community specifies well defined test conditions with their associated uncertainties. This assumes and implies that given some specific test conditions with certain reasonable uncertainties, unavoidable in the verification process of said conditions, the end metric of absolute throughput would not change significantly for the same device.
To date the maximum power related uncertainty is between [image: image2.png]+1.9



 dB and [image: image4.png]+2.3



 dB looking at Appendix D1 in [2] or up to [image: image6.png]+2.6



 dB from Table 7-8 in [3]. Defined in such manner, the uncertainty depends on the system, type of measurement and if phantoms are used or not. To fully specify the new way of modelling the channel we need to introduce more parameters, not all of which are power related. Following the outline given in [4] Appendix A2.1-A2.4 and considering the work done in [5], the parameters we specify via the channel model and should be controlled for uncertainty requirements MIMO OTA downlink performance evaluation, are set around the metrics listed in Table 1:
Table 1 – Proposed uncertainty components to be specified for the verification and measurements

	Item
	Uncertainty variable
	Value
	Units
	Uncertainty contributors
	Comments

	1
	Average PDP power
	TBD
	dB
	Some items listed in Table B1 (DUT part) of [6] and Tables 1-6 from ERPMU130410-1R1- Draft_2
	Maximum allowed deviation from the ideal relative average power for the PDP taps (probably one value for all)

	2
	Average PDP delay
	TBD
	ns
	See Table TBD
	Maximum allowed deviation from the ideal relative tap positions in the delay domain (one value for all)

	3
	Temporal correlation
	TBD
	-
	See Table TBD
	Maximum allowed deviation from the ideal temporal correlation specified by the channel model.

	4
	Spatial correlation
	TBD
	-
	See Table TBD
	Maximum allowed deviation from the ideal spatial correlation for the given channel model. Includes information about AS and DOA uncertainties and defines the size of the test zone.

	5
	Cross polarization ratio
	TBD
	dB
	Some items listed in Table B1 (DUT part) of [6] and Tables 1-6 from ERPMU130410-1R1- Draft_2
	Maximum allowed deviation from the ideal channel XPR. 


Notes:

1. In the table above maximum allowed deviation refers to the limit set in the table and not to the way the value is computed. For example the size limit of the test zone could be defined, where the spatial correlation is below 0.05, but the deviation from the ideal is computed as RMS.
2. Items 1 and 2 might be combined in a frequency domain uncertainty term.
Extracting the power uncertainty from the above table (items 1 and 5), we can consider as the Channel model uncertainty in the calculation proposed in [1] and approved in [6].
3. Practical Considerations
Considering the entire calibration [7] and verification [3] procedures, we can see that there are in total 3 different test set-ups – VNA based ([3] A.1.1), Generator/Spectrum analyser based ([3] A1.2) and eNodeB emulator based. Note that in some cases two measurements need to be performed (for example in the two polarizations) with the same set-up and that many of the uncertainty terms in those are the same of course. With this in mind we can see that the items from the table above are some function of the measured power and phase within one of those set-ups and therefore the uncertainty is a function of the power and phase uncertainty in the set-ups. 
Note however that for example the delay verification as defined in Appendix A2.1 of [4] requires frequency span of 200 MHz which corresponds to a delay resolution of 5 ns or [image: image8.png]+2.5



 ns. Measurements done in [5] showed that using more than 40 MHz might not be practical limiting the uncertainty to [image: image10.png]+12.5



 ns. Similar considerations can be made for the temporal and spatial correlations.
4. Conclusions
This contribution proposes the expansion of the uncertainty definition to include all relevant items from the channel model verification procedure – power per delay component, delay, spatial correlation, temporal correlation and XPR . Since all aspects of the channel model have to be verified all verification measurements are bound to have some uncertainty associated. We propose to qualify a MIMO OTA measurement system from and uncertainty point of view taking into account all uncertainties associated with the channel model verification process.
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