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1. Introduction
The simulation assumptions for EBF/FD-MIMO study item simulations include the use of the 3D channel model specified in [1]

 REF _Ref403163020 \r \h 
 \* MERGEFORMAT [2]. In this model depolarization is modeled in a similar manner to 2D channel models, i.e. with a 2 X 2 depolarization matrix with unit magnitude on the diagonal and off-diagonal elements with equal magnitudes which are inversely proportional to the square root of the log-normal distributed XPR ratio.  The average received power of a subpath is therefore increased by a factor of 1 + 1/XPR.  For the 2D models used in previous 3GPP studies, this power increase is negligible. However this factor has a different distribution in the 3D channel model scenarios due to different XPR statistics.  This contribution presents simulation results of the increase in received power due to depolarization in the 3D channel model scenarios. 
This contribution is a revision of R1-145124.
2. Depolarization Modeling in the 3D Channel Model

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 2 X 2 matrix with all elements having uniformly distributed phases. The diagonal terms have unit magnitude while the off-diagonal terms have magnitudes whose inverses are the square root of the XPR ratio. The field components, 
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where 
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 is the XPR ratio of subpath n. The ratio of average power of a subpath after depolarization to average power before depolarization is therefore 
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where averaging is over the random phases in the depolarization matrix. This random power gain has two aspects: 1) a mean value which effectively reduces the coupling loss of the link and 2) a variance which effectively contributes to the links shadow fading variance. 

3. Simulation Results
The distribution of the power gain, 
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. for the 3D channel model’s scenarios was evaluated by simulation.  The results for UMa LOS and NLOS scenarios are shown in Figure 1 and similarly for UMi LOS and NLOS scenarios in Figure 2. The mean gain for the UMa scenarios was between 0.9 to 1.0 dB with standard deviations of about 0.1 dB.  The mean gains in the UMi LOS and NLOS scenarios were 0.6 and 0.8 dB respectively again with less than 0.1 dB standard deviation for both scenarios. Both the mean gain and its variation are small enough to have negligible effect on system simulation results.
Observation: 

· The power gain due to depolarization modeling in the UMa/UMi LOS and NLOS scenarios is small with little variation and therefore would have little impact on system simulation results utilizing the 3D channel model.
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Figure 1: Distribution of power gain due to depolarization in UMa LOS and  NLOS scenarios
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Figure 2: Distribution of power gain due to depolarization in UMi LOS and  NLOS scenarios
The corresponding distributions for the O-to-I scenarios for the UMa and UMi scenarios are shown in Figure 3 and Figure 4 along with Gaussian curve fits.  Here we see significantly larger mean and standard deviations of the depolarization gains, 
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.  In both scenarios the mean gain is 5.4 dB and the standards deviations are about 2.0 dB.  The reason for the pronounced effect in the O-to-I scenarios is the large standard deviation, 11 dB, of the XPR factor relative to its mean, 9 dB. This is compared to the LOS and NLOS cases where the means are 7-9 dB with standard deviations of only 3-4 dB.
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Figure 3: Distribution of power gain due to depolarization in UMa O-to-I scenario
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Figure 4: Distribution of power gain due to depolarization in UMi O-to-I scenario
The inaccuracies introduced by the depolarization power gain can easily be removed by simply scaling the depolarization matrix by the factor  


[image: image12.wmf]n

k

1

1

1

+


(1)
for each subpath. The same scaling was recommended in for the purposes of comparing single vs. dual polarized MIMO systems [3].
In the O-to-I scenarios therefore the coupling losses calculated according to the current channel model are actually artificially lower by an average of about 5 dB and the shadow fading is 2 dB larger, i.e., 9 dB instead of 7 dB.  Equivalently, the effective pathloss in these scenarios is 5 dB lower than specified in Table 7.2-1 of [1].  Figure 5 presents plots of coupling loss with and without the scaling in (1) for three scenarios: 1) UMa 500m ISD, 2) UMa 200m ISD, and 3) UMi 200m ISD.  As expected from the above analysis the coupling loss is increased by approximately 5 dB when scaling is applied.
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Figure 5: O-to-I coupling loss CDFs for UMa 500m/200m ISD and Umi 200m ISD with scaling correction (solid lines) without scaling correction (dashed lines).  As expected coupling loss increases by approximately 5 dB when the depolarization matrix is scaled to preserve average subpath power.

These effects may not be inconsequential in all the system simulations for which the 3D channel model may be used since O-to-I scenarios will tend to be noise limited at higher intercell interference levels. when the scaling is applied. While this may not be a concern for full buffer simulations, other traffic models where full system utilization is not present, may be noise-limited with the depolarization gain removed vs. the current case of no scaling. 

Observation: 

· The power gain due to depolarization modeling in UMa/UMi O-to-I scenarios may be significant enough to affect system simulation results due to changes in interference vs. noise limiting conditions as well as the increase in shadow fading.
Besides correcting for the optimistic path loss values generated by the currently defined 3D channel model,  scaling the depolarization matrix has the potential to reduce the spread between different companies’ system simulation results due to insuring all companies perform the scaling as opposed to only those who have independently applied the scaling of (1).
Conclusion:
· Elevation Beamforming / FD-MIMO WI simulations should scale the depolarization matrix to account for the gain which occurs in at least O-to-I scenarios.
4. Conclusions
This contribution analyzed the gain in a subpath’s power due to depolarization modeling in the 3D channel model. The following observations were made:

Observation: 

· The power gain due to depolarization modeling in the UMa/UMi LOS and NLOS scenarios is small with little variation and would have little impact on system simulation results utilizing the 3D channel model.
· In the UMa/UMi O-to-I scenarios however this power gain may be significant enough to affect system simulation results due to changes in interference vs. noise limiting conditions as well as the increase in shadow fading.
Consequently, it is recommended that 
· Elevation Beamforming / FD-MIMO WI simulations should scale the depolarization matrix to account for the gain which occurs in at least O-to-I scenarios.
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