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1 Abstract
A list of clarifications is presented describing the open issues from the previous RAN4 meeting with regards to the decomposition method.
2 Introduction

In document R4-136794, some companies (Anite Telecoms Ltd, Motorola Mobility LLC, Intel Corporation, Satimo Industries, Light Squared) had submitted several questions concerning the decomposition method. We corrected some mistakes in the background section and supplied answers before the document deadline of the San Francisco meeting, but there was not sufficient time to let the discussions converge to a document acceptable to all parties. Therefore we submit our answers to RAN4 for further discussions, and possibly for a joint agreement in a revised document. The text in blue indicates responses by Rohde & Schwarz.
3 Background
The Decomposition method [1] was first introduced during the RAN4#63 AH MIMO OTA, as an evolution of the 2-Channel method. During that meeting, several questions were raised. In several meetings measurement results and additional information were presented [2] – [6], [8], [12] – [15], [22] – [23], During RAN4#68 documents [7] – [18] were submitted, and the method claimed fulfillment of the MIMO OTA pre-requisite criteria ABCD. Documents [7] (method description) and [11] (measurement uncertainty) were approved without any comments. Further, during RAN4#68BIS, similar documents [19] – [25] were submitted. Since several of the questions have been unanswered, we request the proponents of this methodology to provide answers to the questions below for the group to better understand the capabilities and limitations of the decomposition method.
4 Questions on the Decomposition Method
1. Validity of the method:

a. What is the mathematical basis for the operation of the decomposition method, particularly is this equation valid:
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The above formula takes the downlink power levels at a given throughput value from the three different curves recorded during the decomposition measurements. As explained in [7], this operation is taking two quantities which we call receiver MIMO efficiency and antenna MIMO efficiency, and adds them to a total UE MIMO efficiency. Adding this efficiency to the baseline measurement which is a conducted, non-faded measurement, gives the value of DL power at a given throughput for the final decomposition result.

It should be noted that the quantities in the above formula are expressed in dBm, i.e. in logarithmic terms.

Properties of a UE antenna system (gain, radiation pattern, impedance, efficiency, correlation coefficient, etc.) do not depend on temporal and BS correlation characteristics of a channel model. Accordingly verification of UE antenna system can be separated from these characteristics of the channel model.
b. Please point to any technical literature referring to the linear nature of the above process

The quantities in the formula above are derived from the recorded curves of throughput versus DL power. These curves have been seen to be stable and unique responses of the UE to assessment of radiated tests (antenna MIMO efficiency) and conducted and faded tests (receiver MIMO efficiency). The fact that the results obtained with the decomposition method both show a clear dependence on the antenna performance as indicated by the use of reference antennas of CTIA’s phase 2 measurements, as well as a clear dependence on the channel model used (UMi, UMa) demonstrates the formula’s validity.
c. Please provide detailed system simulations to prove that this linear equation is used in the design of receivers. Please validate these system simulations with the theoretical framework.

Such simulations are not yet available.
d. If this is a simplification to suite only this method, please state under what condition this simplification is valid.

The decomposition method is based on the postulate that antenna performance and receiver performance are widely independent but together determine the final UE performance. Therefore the method is not a simplification but a decomposition of a compound reaction of the UE into two independent efficiencies.

The decomposition method does not catch a situation when the adaptive algorithm of the UE antenna system tunes antenna properties faster than the changes in temporal characteristics of a channel model.
e. Please provide a mathematical proof to demonstrate the above simplification is valid. 

We do not see the decomposition method as a simplification.
2. Channel Model:
a. The channel model is created specifically to fit the decomposition method. Please motivate why there should be a model that is an abstraction of an implementation. 

To describe it more precisely, the channel model used is targeted to be the SCME UMi / UMa model. Due to the fact that the channel model is applied in a conducted measurement, no spatial information is conveyed. The difference to the original SCME model including all spatial aspects is caused by the approach applying the channel model only in the evaluation of the receiver MIMO efficiency. All results we have reported so far emphasize that the receiver sees differences between channel models mainly from the temporal characteristics.

The decomposition method uses the same temporal and BS correlation characteristics of the channel models defined in TR 37.977. Concerns [26] were presented pointing out limitations of the test approach together with spatial characteristics of the SCME UMa/UMi models (e.g. test in 2D only). To overcome these limitations different spatial characteristics are used on purpose by the decomposition method. The main improvement is in 3D testing of UE with quasi-isotropic distribution of constellations and field polarizations.
b. What are the connections, if any, to reality, and demonstrate the conditions where this model could be valid. 

It is claimed by other companies that SCME channel models (UMa, UMi) are connected to reality, but there are concerns about that [26]. Anyhow, the channel models used in the decomposition method are based on these channel models. A connection to reality similar to the SCME models exists for the tSCME models used. The only difference is the focus on temporal effects as they are most important to the receiver MIMO efficiency assessment. The spatial effects are covered in the radiated measurement of the decomposition method, without channel model but with a variety of constellations.
c. Please provide any channel measurement data to support the above (question 2b) validation

This question is not applicable to the decomposition method. The SCME models are based on channel measurements, and the tSCME models are a straightforward derivation.
d. What is the relation to the other non-spatial channel models: Short Delay Spread Low Correlation and the High Delay Spread High Correlation models?

The other non-spatial channel models are used in conjunction with tests in reverberation chambers. For that reason they include average isotropic AoAs. In the decomposition method the channel model is applied in a conducted test without any variation on the antenna response, and therefore the additional change of incoming signals due to the antenna pattern and correlation is not part of the conducted test but deferred to the radiated test. Short Delay Spread and High Delay Spread models do not use AoA information for calculating individual relative UE speed relative to clusters when evaluating the Doppler effect.
e. What is the relationship of the antenna to the channel model in the case where the channel model is an identity matrix? 

The identity matrix channel model is used for the baseline measurement which is a conducted measurement. No antenna is therefore involved in this test.
f. The method can never achieve 100% throughput based on the fact that at some constellation positions the antennas would not receive any signals. How can this be justified?

The method achieves 100 % throughput when normal UE antennas are measured, see [23].
g. Define the capability/flexibility of decomposition method to emulate channel models defined on section 8 of TR 37.977, and other spatial channel models, i.e. WINNER, AAU, custom, etc.
The relation to the channel models of section 8 has been explained in 2.a. The other mentioned channel models are not part of the discussions in RAN4. Generally speaking, the decomposition method can apply any channel model’s characteristics without AoA specifics.
3. Implications of the channel model and the method:
a. Please justify how a method can be used for MIMO qualification when the antenna performance is disconnected from the spatial channel model. 

Please see the explanations given in the answers of section 1.
4. Applications of the decomposition method:

a. How decomposition method can handle Polarization discrimination? 

In the radiated test a set of constellations is used. Each constellation is defining one of the two possible linear polarizations at the test antennas. In some constellations they are co-polarized; in others they are cross-polarized. If a UE shows a good performance for polarization diversity, the constellations which are not co-polarized will give very good sensitivity.
b. Can the method be applicable to Active Antenna Systems (AAS)?

Yes; assume an AAS is optimizing the antenna pattern for a given AoA or environmental (test with phantoms) condition; it will react to the different AoAs or phantoms of the radiated test and therefore will provide a good performance metric.
c. Please provide either a theoretical framework or practical data to prove the above

This is not part of the current work item. There is work in progress which will be made available when ready.
d. Indicate if there’s a precedent in certification bodies, where a single vendor test methodology with unique features, and generating results that are approximations from other test consolidate methodologies was accepted as part of the certification process.

We are not basing the discussions on MIMO OTA on a precedent. The complexity of the MIMO OTA topic has triggered several alternative methods. We also do not claim that the decomposition method cannot be implemented by another vendor.
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