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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. The document contains the contents of R4-136826, summary feedback after a conference call on 2013-11-07, and a summary of the offline meeting on 2013-11-11.
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.
Sections 6 and 7 include summaries on the conference call and the offline meeting.
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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6 Conference Call 2013-11-07
Summary by Rohde & Schwarz, with complementary feedback by participants

Participants: Intel (Toliy), Spirent (Doug), Motorola (Istvan), Anite (Karthik), Rohde & Schwarz (Adam, Alexander, Thorsten, Christoph)

1. Intel requested an analysis into the theoretical traceability by metrics like capacity for the methodology’s throughput manipulation scheme.. He also asked about scientific literature backing up the method. Also the extraction of antenna parameters like antenna correlation, power imbalance, mean effective gain, etc. from the radiated part of the test was asked. The answer was that it does not make sense to extract separate metrics but the radiated results depend on all antenna parameters together. This is what the MIMO OTA test should deliver.
[Intel] so can we say that the method is empirical in nature and based on observations rather than theory?
[R&S] Yes. The fact that all conformance testing is done in conducted mode only is taken as a sufficient reason that the division into radiated and conducted testing is valid.
[Intel] In summary, there isn't theoretical traceability in terms of capacity equations and there isn't antenna design traceability, since we can't relate decomposition radiated results to antenna design metrics
[R&S] The decomposition method is delivering separate metrics for the antenna MIMO efficiency and the receiver MIMO efficiency, but for comparison with other methods only the final answer after combining radiated and conducted results is important.
2. Spirent had concerns if decoupling of BS antenna characteristics from UE test is valid. R&S stated that the UE and BS antennas are independent. Spirent raised the issue of BS correlation in the UMi model having large positive and negative values for the vertical and horizontal components respectively. These correlations tend to cancel out for a dual polarized UE antenna leading to a low composite correlation; however in the case where there are gain imbalances in the two polarizations, the channel matrix now observes higher correlation. Thus there is a coupling between the UE and BS antennas, which produces a polarization dependence in the correlation of the resulting channel matrix. By assuming that the antennas are independent, important behaviors like this are lost. The decomposition method does not rely on observing such effects but treats the measurement of the antenna part in a different way.
3. There was a question by Motorola if the constellations in the radiated part of the decomposition could be adjusted to better match the spatial characteristics of the UMi or UMa channel models. The answer was that of course one could design other constellations with another distribution of AoA values. So far we had focused on a distribution evenly illuminating all orientations, and that was defining the proposed constellations. Choosing another set of constellations would give different answers, and it depends on the questions asked from a test if such a change is useful or not. For example, the antennas could be arranged in a way that their separation is similar to the difference in AoA of the major cluster directions of a channel model. As another example, one could chose constellations with only a single polarization orientation.
[MMI] If I collect specific characteristics of a channel, can R&S create a set of constellation to match?
[R&S] Polarization, plane, mean AoAs are parameters defined by the constellations.
[Intel] How about WINNER or SCMe?
[MMI] Could the constellations of the radiated part of the decomposition method be adjusted to better match the spatial characteristics of the UMi or UMa channel models?
[R&S] The choice of constellations would allow to approximate the angles of the main cluster directions. The set of constellations proposed for the TR are maximizing the amount of 3D information of the antenna performance. Other constellations do not need to be a sub-set of these constellations but can be defined independently.
[Intel] And how to verify?
[R&S] Finally similar as any channel model validation.
[Anite] Why were the SCME UMa and UMi channel models not part of the constellation selection process, i.e. why were these models not considered when they were explicitly mentioned in the TR?
[R&S] The radiated part in the decomposition method always had been intentionally addressing the full sphere in order to obtain a maximum amount of information on the antenna performance. 
4. We had some add-on discussion on the orientation of devices, and the realism of a 2D cut measurement versus a full 3D assessment of antenna performance. I pointed out that there had been already general agreement that a single 2D cut measurement would not be sufficient.

5. A lengthy discussion was held on active antenna systems. It was explained that systems might be capable of identifying a new grip position within 100 ms, with a close interaction between baseband algorithms and antenna control circuitry at a much faster speed. R&S stated that such AAS were appearing only recently; this might be an area where adjustment of methods might be required. Intel did not agree with the statement that “antenna performance and receiver performance are widely independent”. This comment is related mainly to AAS; the main concern is still how to combine radiated and conducted test.
6. Another topic addressed link level simulations. We stated that there is some work done and presented at COST IC1004 (TD(13)07049, 2013-05, Ilmenau) but it only compares radiated measurements of some constellations with simulations.
7. Anite requested an explanation on the simplicity of the method. This is particularly raised because it was mentioned several times in the previous RAN4#68BIS by R&S. The explanation given was that all methods were simplifications, and so were the models based on reality. However, Anite suggested that in the case of SCME the simplifications were well documented and that the impact of the simplifications in most cases were quantifiable, however, this was probably not the case here. R&S mentioned about cost, and Motorola suggested that cost is not a technical parameter, and what is sought out is an understanding of the simplifications from the technical perspective. It was suggested that we move this discussion to the offline next week.
Further supplementary answer by R&S: It is certainly a simplification that the radiated measurement does not include all the geometry-based parameters of the SCME models. Ignoring the angular spread, for example, is a simplification. We do however see such simplifications by far compensated by the extensive assessment of the antenna performance using the large set of constellations. To put it in other words, the constellations would correspond to different implementations (drops) of the channel models.
8. Another discussion was the request for clarification on the R&S verbal statement provided in 3GPP RAN4#68BIS, where in the context of the technical discussion regarding the comparison table between test methodologies, R&S stated repetitively that the decomposition method is an approximation.
Answer by R&S not given during the call but in this summary: There are two major areas where the decomposition method proposes a different approach than the multi-probe, for example.
a) The constellations intentionally include the full 3D space of angles whereas the multi-probe looks for a (or a few) 2D cut(s).
b) Taking the fact that the two antennas move in a plane in the chamber, a tilting mechanic for the UE would be required in order to access all possible AoA configurations. We do not consider this as necessary since results so far show good convergence even without that tilt angle.
7 Offline ad-hoc 2013-11-11
Summary by Rohde & Schwarz

Participants: Intel (Toliy), Sony (Scott), Agilent (Moray), Motorola (Istvan), Anite (Karthik), Rohde & Schwarz (Christoph)

1. In the discussion on the summary of the call (see above), Sony mentioned that there is a very high potential de-sense caused by a lot of additional functions operating in a UE. Tests have to address this behavior. R&S confirmed that the decomposition method is able to see these effects.

2. When speaking about the combination of radiated and conducted tests for a final result, Intel’s concerns were repeated. Agilent asked what potential scenario could be thought of which does not allow applying the decomposition method. Intel responded that generally baseband and antenna work together. How to translate that into a quantitative statement on the applicability of the decomposition method was not clear. Anite claimed that having a bottom-up approach the decomposition method would need more data (more UE comparisons) proving alignment with another method.
3. Sony asked if AAS devices could be tested with the decomposition method. Intel offered to make such devices available, and R&S is going to request them for a comparison test.
4. Intel questioned that the verification of PAS sampling in the chamber could be achieved by using only two point sources. R&S answered that the final UE performance will not be too much affected by small-scale angular effects.

5. The discussion continued addressing the tSCME channel models. Intel asked how the UE correlation was included and if it was assuming isotropic behavior. R&S answered that the radiated test does evaluate the antenna MIMO performance for each constellation separately, and at the end the average over all constellations is taken.

6. Intel repeated the question if one can separate radiated and conducted tests and combine them at the end. R&S answered with the statement that all conformance testing is done in a conducted setup, and obviously here also the assumption was successfully made that such a test is valid without including the antennas.
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