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1. Introduction

Recent work has reported large variations in measured throughput for different realizations of the SCME channel model [1].  There have been some investigations of this effect; we present results from our own investigation in this contribution.

The SCME models [2] are based on the SCM [3], a ray-based, or “geometric stochastic” channel model.  It is actually a family of models, covering several environments, and providing drop-based realizations in which a set of environment-dependent large-scale parameters are selected according to statistical models.  A specific drop is defined once the random large-scale parameters have been selected.
However, there remain a set of random initial phases (“subpath_phases”) that are not dependent on environment.  These can be seen in [3], Section 5.5.1, step 19, and are referred to as 
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, where n and m are the cluster and ray indices, respectively, and x and y indicate the pair of polarization components (v or h) of interest.  The SCME Matlab code [4] can be configured to produce one of four fixed drops, as defined in [2].  However, each drop leaves the 
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 unspecified.  The Matlab code allows the user to select a random number seed for each run so that the 
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 are repeatable, or the code can be run with new 
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 on each run.

There are twenty phases per polarization component, and four such components per cluster.  For six clusters, this gives a total of 480 random phases.  Each new set of random phases yields a new realization of the channel.  The large-scale parameters are unchanged, and one would expect the statistics of the model would not change due to the change of phases.  However, this is precisely what happens.

In [1], the authors reported a variation in throughput of up to 12% for different realizations.
  In addition, the authors observed that the throughput measurements from different realizations do not converge to the same values ([1], figure 3).  This effect leads one to believe that the model is not ergodic – that is, the average over time of a statistic is different than the ensemble average of the statistic [5].

Since MIMO receiver performance depends strongly on spatial correlation, the observed variation in spatial correlation can be a significant contributor to the actual measured throughput.  Different implementations of the methodology will likely show different results, even for the same DUT.  For this reason, this issue must be addressed before the anechoic-based multi-cluster and single-cluster models can be accepted.
2. Conditions
The Matlab code used for all simulations presented here is the baseline SCME code obtained from the WINNER-IST website [4].  To produce the channel models required for this Work Item, the fourth parameter of the scm() function was used.  The details are provided in the Appendix of this contribution.  In summary, the initpar structure was used to specify the channel model bulk parameters:
· Power-delay profile

· Angles of departure; angles of arrival

· Cross-polarization coefficient (XPR): ratio of V-V to V-H or H-H into H-V

· Random initial phases (
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) of the elements of the scattering matrix (“subpath phases”)
The channels modelled include the six models specified in [6]:

· UMa MC/A – SCME UMA Narrow (8 degree RMS angular spread), as defined in [2], with an XPR of 9 dB
· UMa MC/B –  UMa MC/A with a shift of –15 degrees mean AoD

· UMi MC/A – SCME UMi, as defined in [2], with an XPR of 9 dB

In addition, these three models were also evaluated for the Single Cluster model, in which all angles of arrival are set to zero – UMa SC/A, UMa SC/B and UMi SC.  These are also defined in [2].
Two different BS antenna arrays are used for the evaluations.  One is composed simply of two vertically-polarized dipoles spaced by 0.5 wavelengths.  The other is the +/–45 degree cross polarized dipole pair specified in [2] and [TR.37.997], referred to as “XPOL”.

The channel models are evaluated without intra-cluster delay spread.  The reason is that it makes no difference for the spatial correlation, since computed correlation between receiver antennas would take into account all the mid-paths anyway.  In addition, the mobile speed and direction were viewed to be not relevant to the comparison.  The mobile speed only affects the temporal correlation, and no temporal correlations are presented in this contribution.  The mobile direction might have an effect on the precise values of the spatial correlation, but for the purposes of this comparison, it is enough to hold the MS direction constant and see the effect of only the random initial phases.
For each model, the power-delay profile and spatial correlation is measured according to the procedures described in [6].  Fifty realizations are computed in which the random initial phases are different for each realization, each with a total of 102400 time samples.
3. Results
Results are presented in a pair of graphs.  One graph shows the measured PDP power of all realizations as symbols, plotted on top of a black line graph with circles representing the PDP power specification.  The second graph displays the magnitude of the spatial correlation as a function of spacing between antenna elements, in wavelengths.
Results are presented in the following order.  The first six figures show results for the multi-cluster models, followed by six for the single cluster versions.  The first three of each group show results with vertically polarized BS antennas, followed by three graphs using the XPOL array.  Finally, each group of three is ordered as some variant of UMa/A, UMa/B and UMi/A.  Looking at all the data, the following observations can be made:

1) For vertically polarized BS antennas, all the PDP power plots show pretty much no deviation from the specified power profile (Figures 1, 2, 3, 7, 8, 9).

2) For vertically polarized BS antennas and the multi-cluster models, there is some minor amount of variation in the spatial correlation (Figures 1, 2, 3)

3) For vertically polarized BS antennas and the single-cluster models, there is a large variation in the spatial correlation (Figures 1, 2, 3).  At ½ wavelength separation, the correlation varies between approximately 0 and 60%.

4) For the XPOL BS antennas, there is a large variation in the PDP power profiles.  Statistics of the variation were not computed, but from the graph, one can see about a 2 dB range over which the PDP powers vary.  This is true for all models (Figures 4, 5, 6, 10, 11, 12).

5) For the XPOL BS antennas and the multi-cluster models, there is a significant variation in the spatial correlation (Figures 4, 5, 6).  At ½ wavelength separation, the correlation varies between about 49% and 62% for the UMa A and B models, and between 7% and 20% for the UMi model.
6) For the XPOL BS antennas and the single-cluster models, there is a large variation in the spatial correlation (Figures 10, 11, 12).  Again, at ½ wavelength, the correlation varies between about 5% and 60%.
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Figure 1.  SCME UMa Narrow, BS and MS antennas are vertically polarized.
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Figure 2.  SCME UMa Narrow with – 15 degree shift of mean AoD, BS and MS antennas are vertically polarized.
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Figure 3.  SCME UMi, BS and MS antennas are vertically polarized.
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Figure 4.  SCME UMa Narrow, cross polarized BS antennas, vertical MS antennas.
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Figure 5.  SCME UMa Narrow with – 15 degree shift of mean AoD, cross polarized BS antennas, vertical MS antennas.
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Figure 6.  SCME UMi, cross polarized BS antennas, vertical MS antennas.
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Figure 7. SCME UMa Narrow, Single Cluster, BS and MS antennas are vertically polarized.
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Figure 8.  SCME UMa Narrow with –15  degree shift of mean AoD, Single Cluster, BS and MS antennas are vertically polarized.
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Figure 9.  SCME UMi, Single Cluster, BS and MS antennas are vertically polarized.
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Figure 10.  SCME UMa Narrow, Single Cluster, cross polarized BS antennas, vertical MS antennas.
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Figure 11.  SCME UMa Narrow with –15  degree shift of mean AoD, cross polarized BS antennas, vertical MS antennas. 
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Figure 12.  SCME UMi, Single Cluster, cross polarized BS antennas, vertical MS antennas.
4. Conclusions
From the simulations, it is evident that the spatial correlation and power-delay profile have sensitivity to the cross-polarized array.  This much is not surprising.
What is surprising is that there should be such a large effect from the random initial phases.  In some cases (multi-cluster with vertically polarized antennas), the effect is small and probably insignificant.  However, for the case of multiple polarizations, repeatability is highly dependent on the seed of a random number generator.  It is troubling for a methodology to rely on the use of a specific random number seed and the sequence in which the random numbers are drawn for repeatability.
Contrast this with the correlation-based model.  Note that in a correlation-based model, constraints are placed on the independent fading sources so that each is independent, or at least uncorrelated.  Therefore, no matter what initial random seeds are chosen for the fading generator, the fading waveforms are ergodic – the ensemble statistics equal the time statistics.  Then, a correlation matrix is applied to achieve a desired correlation between paths.  The result is inherently ergodic by the properties, so there is no need for concern on the initial random seeds.

In a ray-based model, there are no such constraints on the spatial correlation; therefore, there can be no guarantee that the spatial correlation will be the same from realization to realization.  On the other hand, from the figures above, it looks like multiple realizations would eventually converge to a meaningful average.  This suggests that, to use the SCME model with the anechoic multi-cluster and single-cluster methodologies, results from multiple realizations must be averaged to obtain a consistent result.
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Appendix – SCME Configuration
Basic SCM Parameters

These are provided for completeness, although overriding the values computed in generate_bulk_par.m renders some of these settings moot (e.g., “Scenario”; probably others).
scmpar = scmparset;
scmpar.SampleDensity = 20;
scmpar.Scenario = 'urban_macro'; 'urban_macro';
scmpar.NumTimeSamples = 1024*100;
scmpar.IntraClusterDsUsed = 'no';
scmpar.FixedPdpUsed = 'yes';
scmpar.FixedAnglesUsed = 'yes';
scmpar.RandomSeed = seed;
scmpar.AnsiC_core = 'yes';
scmpar.NumBsElements = 2;
scmpar.ScmOptions = 'polarized';
Link Parameters

Only the defaults were used:
linkpar = linkparset;
Antenna Definitions

The following definition for the  +/–45 degree cross-polarized dipoles was used for all cases where this array is needed.
az = linspace(-180,180);
Npts = length(az);
gcrossdipole45 = zeros(2,2,1,Npts);
gcrossdipole45(1,:,:,:) = dipole(az,45);
gcrossdipole45(2,:,:,:) = dipole(az,-45);
For computing the spatial correlation, a simulated array of closely-spaced linearly polarized elements is defined:

ms_elem_pos = 0.0:0.05:1;
NrxMax = length(ms_elem_pos);
gvertdipole = zeros(NrxMax,2,1,Npts); 
gvertdipole(:,1,1,:) = 1;
Assignment to the antparset:
antpar = antparset;
antpar.BsGainPattern = gcrossdipole45;
antpar.BsGainAnglesAz = az;
antpar.BsElementPosition = [0.0 0.0];
antpar.MsGainPattern = gvertdipole;
antpar.MsGainAnglesAz = az;
antpar.MsElementPosition = ms_elem_pos;
Overriding SCME Defaults

The SCM function accepts a fourth argument to allow the programmer to override any of the parameters computed in the generate_bulk_par.m script.  This method was used to obtain the desired polarization scattering statistics, and to obtain the SCME-B channel model.  The rng_seed used was simply the realization number plus 1000.  For the UMa/B model, the mean AoD values were shifted by –15 degrees.  Together, all elements that normally are set by generate_bulk_par.m are overridden in the manner shown below.
Ntaps = 6;

Nrays = 20;

bulkpar.delays = pdp_delay_ns*1e-9;
pdp_pwr_linear = 10.^( pdp_power_dB/10);
pdp_pwr_linorm = pdp_pwr_linear/sum(pdp_pwr_linear);
bulkpar.path_powers = pdp_pwr_linorm;
bulkpar.aods = map_to_rays(AoD_deg,ASD_deg);
bulkpar.aoas = map_to_rays(AoA_deg,ASA_deg);
rand('state',rng_seed);
bulkpar.subpath_phases = 360*rand(1,4,Ntaps,Nrays);
XPD_dB = 9;
bulkpar.xpd = zeros(1,2,Ntaps);
bulkpar.xpd(:,1,:) = 10.^(XPD_dB/10);
bulkpar.xpd(:,2,:) = bulkpar.xpd(:,1,:);
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� The authors erroneously refer to realizations as “drops”.  With this understood, the results are meaningful.  They would not be meaningful if real drops were being considered because each drop has completely different large-scale parameters than another drop.  Instead, only the initial phases are different.
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