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1. Introduction
The 3D channel model specifies the XPR ratio applied to each subpath be randomly generated according to a lognormal distribution.  With the currently specified UMa/UMi O-to-I scenario mean and standard deviation parameters, the mean square magnitude of the v->h and h->v gains exceed those of the v->v and h->h by a factor of about 2.5—a characteristic unique to that scenario [1].  The question of the accuracy of the O-to-I model relative to measures field results was considered in email reflector discussion [79-09] with the agreed conclusion being as follows:
· Retain the UMa/UMi O2I XPR standard deviation of 11 dB currently specified in 36.873 for the  EBF/FD-MIMO SI.

· RAN1 will revise 36.873 to reduce this standard deviation to a value in the set {3,7} dB in future SI/WIs that use the 3D channel model.
The purpose of this contribution is to 1) provide the rationale for the change in O-to-I XPR distribution and 2) recommend a reduced standard deviation from the set {3,7} dB to be included in a CR to 36.873.
2. Impact of XPR  Geometric Variance on Cross-polarized Power
A. 3D Channel Model Polarization Modeling 
Depolarization is modeled in the 3D channel model by the multiplication of a subpath’s vector of θ and ϕ polarized field components with a matrix whose elements having uniformly distributed phase, unit magnitude diagonal elements, and off-diagonal element magnitudes whose inverses are the square root of  a subpath XPR ratio. The field components, 
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where 
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 is the XPR ratio of subpath m of path n which has a lognormal distribution with geometric mean 
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.  The terms geometric mean and variance are the mean and variance respectively of the XPR ratio expressed in dB. This is in contrast to the usual (i.e. arithmetic) mean and variance defined by 
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.  To simplify terminology, the terms “mean”, “variance”, and “standard deviation” when used below refer to the geometric mean, variance, and standard deviation respectively. The 3D channel model specifies the mean and standard deviation in both the UMa and UMi O-to-I scenarios to be 
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respectively. With strictly 
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-polarized incident subpaths, these parameters result in the ratio of cross-polarized to co-polarized subpath power after depolarization to be greater than 1. In fact this ratio is about 2.5 or 3.9 dB. That is
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In all other scenarios considered in the 3D channel model, this ratio is less than 0.25 prompting at least one company to claim that the depolarization model was unrealistic in the UMa an UMi O-to-I scenarios. The email reflector discussion [79-09] was created to discuss this and an additional issue related to XPR depolarization. During the resulting email discussion [79-09], additional field results of the O-to-I scenario were referenced as additional validation that the current model is unrealistic and should be modified. In addition the tendency for large XPR ratios measured in the field was attributed to most reflecting surfaces being either horizontal or vertical thereby resulting in reflected electric fields with predominantly unchanged polarization.
B. Published Outdoor-to-Indoor XPR Field Measurement Results
The O-to-I  means and standard deviation specified in the 3D channel model 36.873 was taken from a study performed by the WINNER II project [2]. Note that the ITU model and the 36.814 channel models did not model XPR as being random but instead as a fixed value, i.e. 
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. The WINNER II documentation briefly describes the measurement and analysis that led to the O-to-I XPR distribution parameters.  Here the measured XPR distribution of “paths” are presented from which the value of 
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 was derived.  It is not clear however whether the term “path” refers to a subpath or to the sum of subpaths which are resolvable in time, space, or both. Nevertheless the WINNER II model specified  the  subpath XPR standard deviation equal to the measured ‘path’ XPR of  11 dB. The mean XPR was chosen to be 
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Single-Frequency vs. Subpath XPR

Two other published sets of measurement results were also reported referenced in  the reflector discussion. Unlike the WINNER II measurements which attempted to measure the XPR of “paths”, the results were of the single-frequency XPR statistics, that is, the ratio of the mean-squared received field components when a single frequency tone was transmitted. While such measurements are not useful in directly calculating a distribution of the subpath XPR, they are useful in confirming whether a model for subpath XPR is reasonable in that a subpath XPR model with a certain set of parameters implies a distribution of single frequency XPR that can then be compared with single-frequency XPR measurements. In the case of the 3D channel model this mapping is easy to derive. If a baseband DC signal (or a sinusoid) is applied to the equation for NLOS 
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 in Sec. 7.3 of 36.873 and then summed over an OFDM symbol period and the square magnitude taken to obtain the subcarrier gain in each of the polarizations, the resulting inverse of the single frequency XPR is just a weighted average of the inverse of the subpath XPRs, 
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where 
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 is the (random) path power, and N is the number of paths.  The distributions of the single frequency XPR, 
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, are shown in Figure 1 for subpath XPR standard deviations, 
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, of 3, 7, and 11 dB. The path powers were taken to be 
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.  Looking at the curve corresponding to the currently specified value of 
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dB, we see that the mean of the single frequency XPR is about -2 dB compared to 9 dB for subpath XPR. This reduction is expected in that the inverse of the single frequency XPR is a weighted average of the inverse of the subpath XPRs and therefore by the large of large number its mean should approach the mean of the inverse subpath XPR, -3.9 dB  for a large number of total subpaths.
More importantly we see from the 
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 curve that 70% of O-to-I links have single-frequency XPR less than 0 dB. Physically, this mean that if the eNB transmits a purely vertically polarized signal, then on average at  70% of  indoor locations, the power received by an omni-directional horizontally polarized receive antenna would exceed that of an omni-directional vertically polarized receive antenna. This observation is in contrast to all other cellular channels where the co-polarized received power dominates the cross-polarized received power. In order to determine if such a large change in polarization reflects reality or if it is rather due to inaccuracy in depolarization modeling, it is useful to compare the distribution of single-frequency XPR which derives from the 3D channel model depolarization model and parameters with the distribution of single-frequency XPR obtained through field measurements.
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Figure 1: Distribution of O-to-I single-frequency XPR using the ray/subpath model depolarization modeling of the 3D channel model. A subpath  standard deviation of  = 11 dB is currently specified in 36.873.  This value results in 70% of O-to-I links having greater received cross-polarized vs. co-polarized power. 
Comparison of Single-Frequency XPR: 3D Channel Model vs. Field Measurements
The results of field measurements of XPR  in O-to-I channels at both 2 and 3.5 GHz have been reported in [3]

 REF _Ref410416320 \r \h 
[4].  Table 1 summarizes the reported results along with the mean and standard deviation of the single-frequency XPR distribution derived above.  For both sets of measured statistics, the transmitted polarization was horizontal and the ratio of powers received in the vertical and horizontal polarizations are given.  The single-frequency XPR derived from the 3D channel model with a mean of -2.6 dB differs from the single-frequency XPR means of both sets of measurement results by more than 6 dB.  The 3D channel model’s O-to-I XPR model therefore is not supported by field measurements and in fact predicts powers distributions between co-polarized and cross-polarized received powers which differ significantly from both sets of measured results.  We conclude that the current O-to-I model is not credible with the current set of parameters.
Conclusion
· The current mean and standard deviation of the subray XPR ratios in UMa and UMi O-to-I channels yield co-polarized to cross-polarized received power ratios of at least 6 dB greater than from field measurements.

· The current O-to-I model is not credible with the set of mean and standard deviation XPR parameters currently defined in 36.873.

Table 1: Comparison of single-frequency XPR  mean and standard deviation as derived from the 3D channel model and published field results. The current subpath XPR  standard deviation of  = 11 dB results in a mean single-frequency XPR, sf,  of -2.6 dB which is more than 6 dB higher than the lowest value measured in the field.  Overall the use of  = 7 dB in the 3D channel model is seen to  yield the best match to field data.
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C. Choice of XPR  Standard Deviation 
From Table 1 it can be observed that of the two alternatives of 3 and 7 dB for the subpath XPR standard deviation, 7 dB appears to yield single-frequency XPR ratios more in-line with measurements than 3 dB.  While it could be argued that 3 dB yields a single-frequency mean XPR of 11 dB which is closer to the results in [3], particularly at high received powers, the standard deviation of only 0.6 dB is much less the corresponding measured standard deviations of 7-8 dB at these power levels. In addition the choice of 3 dB results in a  spread in single-frequency XPR that is so small and with a mean only 1 dB less than would be obtained by simply reverting to the ITU/36.814 approach of using a fixed XPR of 9 dB  (i.e. 0 dB spread). Doing so would also results in a 9 dB single-frequency XPR.  We therefore recommend to reduce the XPR standard deviation to 7 dB in the UMa/UMi O-to-I environments. 
Conclusion

· Reducing the O-to-I XPR standard deviation to   = 7 dB yields cross vs. co-polarized power ratios better matched to measured values than  = 3 dB.

· The CR to 36.873 should reduce the O-to-I subpath XPR standard deviation from 11 dB  7 dB.
D. Alterative XPR Models
While reducing the subpath XPR standard deviation does bring the single-frequency XPR into rough agreement with measured results, there may still be improvement possible in improving the depolarization model.  The reduction does however at least makes the model consistent with measurements.  The large subpath XPR observed in the WINNER II measurements do not translate to measured-single-frequency XPR distributions that even closely resemble measured distributions when the 3GPP model subpath model is used.  A different model, for example where the subpath magnitude is anti-correlated with the subpath’s XPR, i.e. large spreads tend to occur with low power subpath,would yield subpath XPR with a wide spread and yet single-frequency XPR smaller than that predicted with the constant subpath amplitude model of the 3D channel model. Developing and testing alternative models is however a time-consuming task which in our view should not be a priority for RAN1 at this time.
3. Conclusions
This contribution analyzed the randomly distributed XPR model used in the 3GPP channel model. In particular the UMa/UMi O-to-I scenario was found to yield a single-frequency XPR distribution that differed by more than 6 dB in its mean relative to two published sets of measurement results.  This discrepancy could be reduced by lowering the 11 dB subpath XPR standard deviation.  Of the two proposed values for this value, 7 and 3 dB, 7 dB was shown to yield single-frequency XPR statistics more closely aligned with measured results. The conclusions and the recommendation are therefore:
Conclusion:


· The current mean and standard deviation of the subray XPR ratios in UMa and UMi O-to-I NLOS channels yield co-polarized to cross-polarized received power ratios of at least 6 dB greater than from field measurements.

· The current O-to-I model is not credible with the set of mean and standard deviation XPR parameters currently defined in 36.873.
· Reducing the O-to-I XPR standard deviation to  = 7 dB yields cross vs. co-polarized power ratios that better match measured results than  = 3 dB.

Proposal:
· The CR to 36.873 should reduce the the O-to-I XPR standard deviation from 11 dB  to 7 dB.
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