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1 Background
After discussion in the MIMO OTA sessions in RAN4#66, questions and comments were submitted regarding the isotropic channel models [1], answers to which would be informative to take decisions on two text proposals [2], [3].  It became evident that written responses would be helpful.  This document is the compilation of responses developed offline.
The answers below apply to the measurement procedure where the isotropic environment is in a fixed state during each step of the DUT evaluation, as described in [4].  For the model presented in [4], the temporal characteristics of an SCME model are combined with an isotropic environment, and the isotropic environment is in a fixed state during each step of the DUT evaluation.  This model describes the following experimental setup: A channel emulator programmed with an SCME model broadcasts (through a set of relay antennas) into a highly loaded reverb chamber.  Throughput measurements are performed with the stirrer and turntable of the chamber at rest.  The chamber loading ensures that the exponential decay of the chamber has negligible duration compared to the duration of the SCME model, so that the DUT experiences SCME temporal characteristics; see [5].
1. Representation of the presented model as an accurate realization of the reverb environment

a. Is this model a clear representation of what is happening in the reverb chamber?
We assume that the question is asking if the isotropic environment used in [4] is an accurate model for the environment observed in a well-stirred reverberation chamber.  The answer is yes.  The isotropic environment in [4] follows Hill’s plane-wave integral representation ([6], Chapter 7).  The book [6] is based on more than 20 years of experimental and theoretical studies at NIST on reverberation chambers.
In addition to [4], the contribution [7] from last meeting describes the detailed properties of the isotropic channel model (instantaneous and cumulative characteristics).  The information given in these contributions is based on extensive references.  These contributions give a generic description of the isotropic channel model and how this environment is simulated, as well as emulated within the reverberation chamber and by a multi-probe setup.  Thus the model is valid for the reverberation chamber.
b. Are there accurate matlab models taking into account chamber size, loading, and stirrer location/size/speed as variables, and can be used to determine the properties of the model.
As far as we know there is no publicly available Matlab code specifically created for reverberation chambers.  However, there are numerous published models.

Maxwell’s equations provide the mathematical model for determining the electromagnetic fields in the chamber given the exact geometry and material parameters.  The following are commonly-accepted 3-dimensional electromagnetic numerical modeling techniques that also apply to reverberation chambers:

· Finite Difference Time Domain (FDTD)

· Finite element Method (FEM)

· Method of Moments (MoM)

· Finite Integration Technique (FIT)

These techniques are known to be accurate when properly used.  The models can be implemented in any appropriate modeling language, such as Matlab, but other commercial packages may be more suited to the use of specific EM field modeling techniques [8].

There are also models explicitly taking into account the chamber properties.  Hills’s transmission formula [9] gives the relation between the chamber transfer function and the properties of the reverberation chamber, such as the volume of the chamber and the average mode bandwidth (which is a function of the delay spread of the chamber).  This has also been used to study and setup theoretical models for the uncertainty of the reverberation chamber, as described in e.g. [10].
Based on this theoretical work and extensive research during the last decade, Matlab models have been created by academic institutions to simulate the absolute throughput for MIMO devices as a function of chamber setup [11].  As shown in [11] and [12] excellent agreement is observed between simulated and measured results for different chamber setups.
Even though there are models taking the chamber properties into account, this is not needed to define the channel model.  The channel model definition is independent of a specific chamber implementation provided the chamber and usage satisfies the requirements outlined in [3].
c. What and where are the measurements that back up these models?
We assume the question is referring to the 3D EM models.  A short list of these models and associated measurements and experimental validation is given in the answer to Question 1b.  Also, see [11] and [12].
d. What environments have AoD in azimuth domain and AoA is 3D uniform?
Environments with rich multipath such as in urban cities and outdoor-to-indoor environments have been found to follow these properties.  The base station is typically located outside and the handset located either inside a building, or in a dense urban environment.  Under the assumptions made by the SCME models, the base station would be in a 2D environment.  The handset would be in a 3D scattering environment since it experiences reflections from walls, ceilings, and floors, or in the case of dense urban, from tall or very close-by buildings.  The use of the inherent isotropic channel model in mode-stirred reverberation chamber for emulation of realistic fading scenarios was reported to 3GPP in [13] and to CTIA MOSG in [14]. Over 35 different references can be found in those two documents.
e. What are the spatio-temporal characteristics of the channel model?
We assume that the question is referring to the spatio-temporal characteristics of the isotropic channel model with SCME temporal characteristics.  This is shown in Equation (10) of [4].  We see from Equation (10) that the temporal characteristics are determined solely by the SCME model (represented by the outputs of the relay antennas, 
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; see Figure 3 of [4]).  The spatial characteristics are determined by the expression within the square brackets in (10), which involves the plane-wave directions of propagation of the isotropic environment and the associated plane-wave amplitudes.
For the isotropic channel model based on NIST, the spatial characteristics will be the same as described above, but the temporal characteristics will be as described in [7].  The power delay profile will be exponential decaying with an RMS delay spread of 80 ns.  This can be approximated by a 7-tap model, as described in [7].
i. Is there a Doppler associated with the above channel model?
Yes, Doppler is introduced by the SCME model that is broadcast into the isotropic environment by the relay antennas; see Figure 3 of [4].  Hence, Doppler enters into the model in Equation (10) through the outputs of the relay antennas.  The Doppler effect from the chamber itself is zero under the conditions stated in the introduction, in which the measurements are made with no physical motions within the chamber.

f. The channel model does not have any diffused component therefore we will have to see how to compare a reverb environment with this channel
We understand the question to be saying that the isotropic model in [4] has no diffuse components.  This is not true due to the selection of plane-wave propagation directions described in Figure 1 of the document.  The spatial sampling described in the Figure is chosen such that adjacent plane waves produced by the model cannot be spatially resolved by the DUT antennas.  Since each plane wave has a random amplitude and phase, the sum of them at the DUT receiver appears as diffuse.

i. All reverb chambers inherently have diffused components.
We agree.  The isotropic model in [4] has only diffuse components, as described above.
g. If the model behaves exactly as a SCME model with temporal characteristics, please provide temporal correlation figures for SCME UMa and UMi models?
We are assuming you are referring to the temporal characteristics of the fading.  Under the conditions of the model described in [4] (no motion in the chamber), the Doppler spectrum is determined by the channel emulator fading.  A plot of the autocorrelation is presented below:
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h. What is the AoA distribution in the Azimuth and elevation domain with a time window of 1 sec.
For the model described in [4], the angles of arrival are determined by the algorithm explained below Figure 1 and illustrated by the points on the sphere shown in Figure 1.  Because there is no motion in the model, these angles of arrival are the same for all states, with relative strengths varying from state to state.  The relative strengths of each plane wave are also affected by the fast fading introduced by the relay antennas.
2. Applicability of the model from the device Rx receiver performance perspective
a. Are there models that describe the behavior of this CM to the bit level
Yes, Equation (10) in [4] expresses the output of DUT antenna port #g during the isotropic state #j as a weighted sum of the outputs of the relay antennas.  The weights are determined by the complex DUT antenna pattern and the amplitudes of the incident plane waves of the isotropic environment.  This formula allows the computation of the throughput in plane-wave state #j.  Equation (10) in [4] can be used in a simulator to determine the behavior at the bit level and to perform link-level simulations.  This is entirely analogous to the anechoic chamber methods, where link-level simulation can be performed with the turntable fixed.  Hence, a plane-wave state in the reverberation chamber is analogous to a fixed turntable position in the anechoic chamber.

b. The model introduces phase discontinuities, the ability of receivers to track the phase and estimate the channel in such cases need to be examined.
There are no phase discontinuities in the model presented in [4].  This can be seen from Equation (10) in [4], which expresses the output of the DUT antenna ports in terms of the outputs of the relay antennas.  The outputs of the relay antennas are determined solely by the SCME model.  The isotropic environment is in a fixed state and does not introduce any phase discontinuities.

c. For the validation purposes it would be important to request feedback from the RAN4 device Rx experts in order to make sure that unexpected (negative) implications are avoided e.g. in radio modem or UE RF parts. It would also be important to perform the corresponding conducted tests with the same proposed channel models for number of different devices and also perform simulations with these same proposed channel models in order to make sure that the proposed new channel models, for which the devices are not designed and earlier tested against, do not cause e.g. unexpected behavior or significant performance degradation compared to normal receiver (conducted) performance.
The 3D isotropic channel model description in [4] and [7] can be used for conducted measurements, as well as for setting up simulations.  The applicability of these channel model descriptions to conducted testing was shown in [15] and [16], where excellent agreement was observed between the OTA test results obtained in reverberation chambers and conducted test results obtained using the 3D isotropic channel models.  In addition, these channel models have repeatedly been proven to give expected performance ranking and no unexpected (negative) implications have been observed.  Instead, devices are easily differentiated and ranked according to their MIMO OTA performance strengths.  Numerous papers (within 3GPP and CTIA, as well as outside the standardization bodies) have proven this, see for example [5], [17]-[30], [43]-[45].
3. Applicability of the model to current and future work items

a. The relevance of so called "isotropic" or "statistically uniform" channel models in the context of quantifying MIMO devices radiated performance in realistic scenario is un-proven, there are no scientific evidence that any realistic scattered environment can be represented as isotropic
Unlike the use of standard 2D SCME channel models, the isotropic environment has already been standardized for SISO OTA measurements as a suitable way to quantify a device’s parameters.  A good example is TRS.  A 3D isotropic environment is more representative to environments where the device is operating in MIMO mode.  It is important to remember that the isotropic models are not instantaneous isotropic, but can rather be seen as a collection of multiple sets of AoAs.  This is clearly explained in Section 2 of [4].  Testing the devices in an isotropic environment will give traceability to TRS values and SISO/SIMO mode of the devices, which will not be the case when using 2D channel models.  In addition, this environment does capture the randomness of the user or the device antenna, since it is not dependent of the orientation of the device during measurements.  It has become clear through 3GPP contributions [31]-[40] with both experiments and simulations, and also by academia sources (e.g. [12]), that a single 2D evaluation using SCME models will not provide a meaningful test since test results depend strongly on the DUT orientation within the 2D model.  In other words, a 3D evaluation of the DUT is needed and has been called up by several sources at 3GPP.  The MIMO OTA subgroup has recognized the problem in [41]-[42].

b. Are the proposed channel models reasonable for quantifying the real-world MIMO radiated performance?
The proposed channel model and its implementation using a mode-stirred reverberation chamber can reasonably quantify real-world MIMO radiated performance.  The practical implementation of the channel model in reverberation chambers has also shown through many 3GPP and CTIA contributions to be able to clearly distinguish good from bad MIMO devices, rank them proportionally and to offer a good reflection of the likely experience in the field, good reliability, excellent repeatability and an acceptable level of measurement uncertainty [5], [17]-[25], [43]-[45].

c. Are the proposed channel models in a reasonable channel modeling framework for quantifying the radiated performance of MIMO systems with active antenna arrays?
There is nothing in principle that requires special consideration of AAS for the isotropic environment.  Regardless, all methodologies would need to be proven with AAS, so this question is not specific to the isotropic environment.
4. Implementation of the model

a. What is the V/H at the centre of the chamber for the SCME UMa and UMi models?
We believe that the question is asking about the polarization experienced by the DUT in the simulation model described in [4].  All polarizations are equally represented in the isotropic environment.  As stated, to pass the isotropy test in Section 4 in [4], there can be no polarization bias at the location of the DUT.  Moreover, we can determine the rectangular components (Ex(t),Ey(t),Ez(t)) of the incident electric field at any instant at the center of the chamber as follows.  First set r=0 in (9) to get the field at the center of the chamber, and then insert the expressions (12) and (13) for the spherical unit vectors to get (Ex(t),Ey(t),Ez(t)).  Finally, compute the ratio of the vertical to horizontal polarization, assuming that z is the vertical axis.

b. Fundamentally this RC method isn't isotropic, rather statistically uniform over undisclosed amount of averaging;
The reverberation chamber is isotropic; however, isotropy is achieved only after the DUT has been exposed to all the plane-wave states.  This is clearly explained in Section 2 of [4] and in [7].  The term “isotropic” is used in accordance with the definition given in the ICE standards document, which is reference [14] in [4].  The channel model verification procedure in [3] and the uncertainty analysis will make sure that the amount of averaging is enough.  See further details on “undisclosed amount of averaging” in answer to question 4.c.

c. The amount of averaging vary depending on RC implementation, method to define the averaging is undisclosed;
Indeed, several stirring methods exist to achieve the required level of stirring in an RC.  It is important that the stirring method is implemented in the correct way, that enough independent samples are collected and that the averaging is done in the appropriate way, in order to achieve accurate and repeatable results.  The channel model verification procedure in [3] and the uncertainty analysis will make sure that all these aspects are implemented in the appropriate way and thus that the test setup emulates the specified channel model and the uncertainty limits are fulfilled. 

In addition, the amount of averaging needed is well known from the theory.  Since the measurements are based on averaging over independent samples, the central limit theorem gives the relation between the amount of sampling and the standard deviation of the estimate.  This is well described in various journal articles, including the extensive analysis in [10].
d. The speed of arriving signal distribution in V&H changes depends on RC implementation, therefore the speed of this distribution changes is also dependent on RC implementation;
There’s no motion for this model, so speed is not relevant, as stated in the introduction.
e. To build a simulation model that mimics the RC behavior, specific details of RC chamber implementation are required, such size, loading, stirrer location/size/speed etc is needed, thus a single simulation model isn't representative of this test methodology, rather  must be tailored for specific RC implementation.
When an RC satisfies the validation document [3] for a specific stirring sequence, then the model applies as an RC-agnostic one.  For these reasons, the specifics of an actual RC implementation are only relevant as far as they are necessary to meet the requirements of the validation document  [3].  See also answer to 1b.

f. In order to obtain the same test results in the end as part of type approval testing of a given DUT in different test labs with different type chambers like RC and AC, it is important to validate with measurements that the same throughput results within reasonable test tolerances (defined by RAN5 later on) are obtained with these proposed new channel models in different labs with different chamber types
We agree, this is very important and the purpose of the validation procedure (described in [3]) and the absolute data throughput comparison framework (described in [15] and [16]) and applies equally to all methodologies and channel models.  Note that as stated in the WF document [48], a 3D evaluation was suggested to be investigated and considered in the test plan for reducing the uncertainty of AC methods and for comparisons across methods.
g. Thus, detailed information is requested how to implement the proposed isotropic channel model in anechoic and reverberation chambers, for instance a Matlab script which captures specific implementation details differences in these two environments
Equation (9) of [4] shows explicitly how to implement the isotropic channel model with SCME temporal characteristics in an anechoic chamber (see also statement between Equations (9) and (10) of [4]).  The contribution also describes in Matlab notation how to implement the model.

If what is being requested is Matlab scripts capturing specific implementation differences, then no such scripts are available for comparing any of the methodologies with any channel models, so it is not clear why this should be requested for the isotropic channel models.
5. Scope of the work item

a. The scope of the WID as in the document RP-120368 “Verification of radiated multi-antenna reception performance of UEs in LTE/UMTS – performance aspects” defines the scope of the work item has no reference to creation and definition of new channel models and should take realistic propagation conditions into consideration. 
By “scope” we assume the question refers to the Justification and Objective sections of [49].  It is not stated in the Justification and Objective section of [49] that we cannot introduce new channel models, if necessary to deliver a proper definition and evaluation of all methodologies currently under evaluation.  Furthermore, we are indeed proposing that the isotropic model is a realistic propagation condition. 
The objective of the WI is to define a 3GPP methodology or set of comparable methodologies for measuring the radiated performance of multiple antenna reception and MIMO receivers in the UE.  The definition of a methodology includes the definition of any aspect within that methodology which is required to properly define such methodology, which obviously includes the employed channel model, among many other aspects.
We have agreed to deliver a proper evaluation of all methodologies and there are no limitations for the group to define new channel models if needed to fulfill this agreement.  In fact, there are aspects of the original SCME UMi and UMa channel models that have been newly defined by the MIMO OTA group (e.g. BS antenna configuration, DUT speed, XPR, AoD angles), obtaining new channel models deriving from the originals.
b. Additionally the scope of the TR 37.977 v0.4.0 "Verification or radiated multi-antenna reception performance of User Equipment (UE)";which is the document that regulates MIMO OTA measurement; has no reference to creation of new channel models in this MIMO ad hoc group.

By “scope” we assume the question refers to Section 1 and/or Sections 4.1 and 4.2 of TR37.977 v0.4.0 [50].  The text in these three sections was copied directly from [49].  Therefore, the answer to 5a applies here as well.
2 Conclusion
All the remaining questions have been answered regarding the isotropic channel models and verification procedure.  This should now enable group approval of [2] and [3].
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