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1
Introduction

A number of contributions, versions of [1], have examined the impact of random seed selections for the dual polarized spatial channel model based on the equation in 25.996.  It is clear that random seeds will create variations and this is expected, however no implementation is picking seeds at random for use in actual measurements.  

In [2], specific seeds that generated expected dipole performance measures for RTS were compared using an antenna that replaced the dipoles with a new pattern.

Some issues related to these comparisons are examined.

2
Detail
The channel model in 25.996 is a system level channel model, defined for simulations where most of the parameters are randomized for each UE drop.  

From 25.996:

The fading between orthogonal polarizations has been observed to be independent and therefore the sub-ray phases are chosen randomly. The propagation characteristics of V-to-V paths are assumed to be equivalent to the propagation characteristics of H-to-H paths.

The polarization model can be illustrated by a matrix describing the propagation of and mixing between horizontal and vertical amplitude of each sub-path.  The resulting channel realization is:
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where:
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is the BS antenna complex response for the V-pol component.
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is the BS antenna complex response for the H-pol component.
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is the MS antenna complex response for the V-pol component.
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is the MS antenna complex response for the H-pol component.
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is the antenna gain
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phase offset of the mth subpath of the nth path between the x component (either the horizontal h or vertical v) of the BS element and the y component (either the horizontal h or vertical v) of the MS element.

For evaluating MIMO antennas with OTA techniques, a link level channel model is needed.  To facilitate this, every parameter in the 25.996 equation shown above has been locked down to a pre-defined value except for the UE antennas and the 
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 phase offsets.  This enables specific UE antennas to be modelled, which requires a set of phase offsets that result in the theoretical combination of the SCME cluster channel model + UE antenna response.

The matrix results in a per-sub-path definition: 
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When optimizing the target dipole performance using the V & H elements, the phase offsets should produce uncorrelated V&H signals due to the inherent orthogonality and to comply with 25.996.  

Seeds from [2] were obtained from Keysight for study.  Initially seeds 1 & 5, which were the min and max performance were studied.  These two seeds produced an offset of 2.95 dB at 70% TP.  Seed 4 was also studied since it falls about half way between seeds 1 & 5.  From an initial look at these seeds, the correlation matrix for the V & H dipole signal was evaluated.  The following is the correlation matrix for the X2+ antenna configuration. 

Seed 1, Correlation Matrix = 
    1.0000    0.1556    0.9929    0.2653

    0.1556    1.0000    0.1512    0.6594

    0.9929    0.1512    1.0000    0.2715

    0.2653    0.6594    0.2715    1.0000

Seed 4, Correlation Matrix

    1.0000    0.1689    0.9925    0.1805

    0.1689    1.0000    0.1618    0.6414

    0.9925    0.1618    1.0000    0.1783

    0.1805    0.6414    0.1783    1.0000

Seed 5, Correlation Matrix

    1.0000    0.0892    0.9928    0.0248
    0.0892    1.0000    0.0965    0.6163

    0.9928    0.0965    1.0000    0.0175

    0.0248    0.6163    0.0175    1.0000

As seen in the values above, there are several terms in Seed 1 that have significant correlation, including correlation between V & H.  
Look at row 4, col 1.  This value represents the correlation between a Vertical and Horizontal component. 

For seed 1, we see 26.5% correlation.  Seed 4 is 18.1% and seed 5 is 2.4%.  This trend generally aligns with the performance differences indicated in [2]. 
Normally V & H are independent as defined by 25.996, which produces terms between V & H that are uncorrelated.  

The channel covariance matrix is calculated for the 2x2 case, by cov = H(:)*H(:)’, which results in 16 terms for each matrix element.  An example of a single cross term from the covariance matrix is shown for the covariance between MS2v and MS1h.  This term would normally be zero for the case of uncorrelated V & H signals, but when significant correlation exists between V & H, this is a term that will add to the correlation.  In the case of seed 1, all 16 terms will be non-zero and will change the resulting correlation matrix:
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Where, [image: image18.wmf]s
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 are the coefficients of scattered/reflected power between the vertical and horizontal polarizations.
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The covariance term shown above is a function of the phase offsets 
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 and it is modified by the UE complex antenna response.  Therefore, we expect a sensitivity to the UE pattern when there is correlation between V & H, so the result would change with antenna pattern.
3
Conclusions
Different seeds that are optimized for V&H, and then reused for RTS by replacing the V&H elements with a different complex antenna response should not vary with different seeds that match for spatial & temporal correlation, V/H ratio, and PDP.  

When V to H correlation is present in the test signal, the channel correlation matrix is affected by cross terms, and will change the channel behavior.  This may likely explain the variation observed in [2].  Thus channel model implementations that have significant V to H correlation should not be used for test signals.
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